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ForewordForeword

Professor David Southall and the expert contribu tors to 
this textbook must be commended. They have delivered a 
consolidated, practical guide on maternal and child health 
with an understanding that care should not be compro-
mised even in the face of confl ict, material shortage, or 
human resource limitations.

Maternal and child health has made great strides in 
recent decades, but requires continued work. This textbook 
tackles the challenge by taking a uniquely holistic perspec-
tive and will help to push forward this public health agenda. 
This book is enriched by in-depth clinical questions, in addi-
tion to a sympathetic and exceptional understanding of the 
challenges facing health systems worldwide.

The segment on respectful and compassionate care 
caught my attention in particular. It is a crucial aspect of qual-
ity medical service and a patient’s continued engagement in 

the healthcare system. This goes hand-in-hand with grief 
management, medical and nursing ethics, and the realisa-
tion that healthcare moves well beyond the clinical setting 
alone. Comfort and communication go a long way, and I 
applaud the authors for their promotion of complete care.

I am particularly grateful to the authors for providing 
this textbook free of charge in resource-limited clinical 
settings. I am excited to see literature that understands 
the importance of continued education for a strong health 
workforce. 

It is with the help of textbooks like this that we can 
move towards increased access to evidence-based, com-
prehensive healthcare for women and children. It is my 
hope that this textbook will become an essential part of 
a holistic, systems-based approach to maternal and child 
healthcare. 

Dr Bernice Dahn MD MPH FLCP

Deputy Minister of Health/
Chief Medical Offi cer-Republic of Liberia

July 2014
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PrefacePreface

This textbook is written to help health workers treating 
pregnant women and adolescents, their newborn infants, 
and children admitted to hospitals in countries all over the 
world. It is especially aimed at those working in settings 
in which material and human resources are limited, where 
borders and infrastructures are insecure, and in rural areas 
where health workers may fi nd it particularly diffi cult to 
work. Building on existing global efforts, dedicated doctors, 
nurses and midwives in these settings are already providing 
life- saving healthcare, but often fi nd their work hard and 
sometimes overwhelming. Access to up- to- date evidence- 
based guidelines in such settings is often extremely diffi cult. 
The Internet is often too slow, printing from computers is 
often too expensive, and so, in our experience, books 
remain essential.

This textbook has been written and peer- reviewed by 
over 100 experts from around the world, with experience 
in hospital settings in which there are poor resources, 
who have freely given their time and expertise. Covering 
all aspects of hospital care for pregnant women and ado-
lescents, newborn infants and children, this textbook 
addresses a full range of possible illnesses, conditions, 
and injuries and includes complications of pregnancy 
and delivery. Based on the latest evidence and guidelines 
available, including Cochrane reviews and World Health 
Organization (WHO) guidelines, this textbook builds on 
existing efforts and identifi es an internationally applica-
ble minimum standard of healthcare in poorly resourced 

hospitals and refl ects the management of problems often 
inherent in resource- limited countries. The textbook pro-
poses minimum standards, both in the treatments given and 
also in the medical ethics and professional standards, which 
should be practised in caring for the particularly vulnerable 
patients attending hospitals in resource- limited settings. 

MCAI is funding the costs of publishing, printing and 
distributing this textbook on a ‘not for profi t’ basis. Following 
requests from health workers in resource- limited settings, 
the aim of the editors and authors is to provide this textbook 
free of charge (on condition that health workers agree to 
use and look after the textbook; see inside cover). The text-
book is particularly targeted at front- line health workers in 
the most disadvantaged hospitals in the world, particularly 
those in rural areas of low- income countries, especially 
those treating all women and children regardless of their 
or their family’s ability to pay. In all other countries, the 
textbook will be charged at above cost price with all profi t 
from these sales going to help fund the provision of further 
copies of the textbook for health workers in low income 
countries and to the work of MCAI in strengthening the 
emergency healthcare systems of hospitals in the world’s 
poorest countries. 

The aim of all authors and editors is to provide  a useful, 
comprehensive reference for all health workers in all set-
tings to help them provide the best possible clinical care 
and management for pregnant women and adolescents, 
their newborn infants, and children.
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IntroductionIntroduction

HOW TO USE THIS MANUAL
This is a comprehensive manual designed for all health 
workers caring for pregnant women and adolescent girls, 
infants and children in hospitals. It can be used by those 
with limited resources and also where greater resources 
are available.

Minimum standards required to practice well are given in 
a highlighted box at the beginning of each section address-
ing clinical practice.

Aspects of care where resources are so limited that they 
cannot at present be undertaken in most poorly resourced 
settings are highlighted in grey. 

Key points, especially those where inappropriate actions 
might be dangerous, are presented in bold font.

This in-depth manual has been written for doctors, midwives 
and nurses caring for pregnant women and adolescent girls, 
newborn infants and children in the poorest, most disadvan-
taged, countries of the world, particularly concentrated in 
sub-Saharan Africa and South Asia. It is primarily designed 
to develop a minimum standard of care in hospitals for 
every woman, baby and child, regardless of the resources 
available for the country as a whole.

The startling numbers in the Tables below illustrate the 
unethical and unacceptable mortality rates for pregnant 
women, newborn infants and children in resource-poor 
countries. The continued presence of armed confl ict and, 

in many cases, the associated and deliberate targeting of 
healthcare (see www.ihpi.org) has contributed to a worsen-
ing situation in many countries.

ARTICLE 25 of the Universal Declaration of Human 
Rights adopted in 1948 states the following: ‘Everyone 
has the right to a standard of living adequate for the health 
and well-being of himself and of his family, including food, 
clothing, housing and medical care and necessary social 
services, and the right to security in the event of unemploy-
ment, sickness, disability, widowhood, old age or other 
lack of livelihood in circumstances beyond his control. 
Motherhood and childhood are entitled to special care and 
assistance. All children, whether born in or out of wedlock, 
shall enjoy the same social protection’.

There is no question that a considerable burden of 
unnecessary suffering is endured by women and children 
in hospitals; not only those in poorly-resourced settings. 
This situation is not all related to a lack of funds; much 
also relates to defi ciencies in the training of health workers. 
Often, the training and continuous professional develop-
ment of doctors, midwives and nurses is a low priority and 
even after training they are often not provided with adequate 
salaries, professional recognition or up to date evidence-
based teaching and clinical materials. Standard medical 
textbooks for health workers in disadvantaged countries 
are usually too expensive and out-of-date, hampering their 
continuing medical education. 

TABLE 1 Comparison of maternal and child mortality rates in rich versus poor countries in the world

47 high income countries defi ned 
as those with GNI ≥ 12,616 USD 
per capita per annum†

33 low income countries defi ned 
as those with GNI ≤ 1035 USD per 
capita per annum†

Range Median Range Median

Under 5 year mortality rate per 1000 live births: 2012 
data

2–21 5 40–182 90

Maternal mortality ratio (MMR)* per 100,000 live 
births: 2010 data ‘adjusted’

2–47 8 70–1100 460

Data from State of the World’s Children (2014) by UNICEF.

*MMR is the number of deaths of women from pregnancy-related causes per 100,000 live births during the same period. The data 
that are ‘adjusted’ refer to 2010 United Nations inter-agency maternal mortality estimates released in May 2012.
†GNI = Gross National Income from World Bank data; USD = United States Dollars 
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TABLE 2 Details of individual numbers of maternal and under 5 year deaths comparing low and high income countries 

Total number of 
births 2012

Total number of 
maternal deaths 
2010 adjusted*

Total number of 
child deaths under 
5 years 2012

Number of live 
births resulting in 
1 maternal death

Number of live 
births resulting in 
1 child death

Low income countries 
(N = 33, 32 with data 
on maternal deaths and 
33 with data on under 5 
year child deaths)

26,007,000 110,376

(median number 
for individual 
countries = 2049)

2,197,982

(median number for 
individual countries 
= 43,228)

236 12

High income countries 
(N = 47, 45 with data 
on maternal deaths and 
47 with data on under 5 
year child deaths)

14,149,000 2190

(median number 
for individual 
countries =7)

84,479

(median number for 
individual countries 
= 420)

6461 167

Data from State of the World’s Children (2014) by UNICEF.

Editing and writing this book has been challenging for the 
editors and authors. We have identifi ed what we regard 
as the acceptable minimum standards of treatment for all 
major diseases and injuries that affect the pregnant woman, 
newborn baby, infant and child, wherever they are cared 
for. But we also wanted to offer a set of ideal standards 
for care where resources are adequate. Therefore, we 
have incorporated the essential minimum standard of care 
alongside some of the best standards currently available. 
However, readers will notice that for most of the treat-
ments recommended, the minimum and gold standards 
are identical because there are certain treatments that 
should be provided as essential hospital care, whatever the 

pressures. This manual should ideally be supplemented by 
scenario- and skill-based short training courses, combined 
with apprenticeship and small group teaching on the wards 
and in the operating theatre.

We believe in the continuing value of printed books to 
the practical application of healthcare, recognising that 
with time and improved access to high-speed internet 
in low resource settings, electronic materials, particularly 
videos and an easily accessed internet, will introduce 
major benefi ts. In the meantime books should be avail-
able for all health workers regardless of their ability to pay 
for them. We hope that you will fi nd this in-de pth manual 
helpful.
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been confi ned to emergency topics as this is the organisa-
tion’s fi eld of experience and expertise in both high and low 
resource settings.

* The contents of this work are intended to further general scientifi c research, understanding and discussion only and are not intended and should not be relied upon as recom-
mending or promoting a specifi c method, diagnosis or treatment by physicians for any particular patient. The publisher and the author make no representations or warranties 
with respect to the accuracy or completeness of the contents of this work and specifi cally disclaim all warranties, including without limitation, any implied warranties of fi tness 
for a particular practice. In view of ongoing research, equipment modifi cations, changes in governmental regulations and the constant fl ow of information relating to the use of 
medicines, equipment and devices, the reader is urged to review and evaluate the information provided in the package insert or instructions for each medicine, equipment or 
device for, among other things, any changes in the instructions or indication of usage and for added warnings and precautions. Readers should consult with a specialist where 
appropriate. The fact that an organization or website is referred to in this work as a citation and/or potential source of further information does not mean that the author or the 
publisher endorses the information the organization or website may provide or recommendations it may make. Further, readers should be aware that Internet websites listed in 
this work may have changed or disappeared between when this work was written and when it is read. No warranty may be created or extended by any promotional statements 
for this work. Neither the publisher nor the author shall be liable for any damages arising herefrom.
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1.1 Hospital management: non- clinical support 
and facilities

Introduction
For effective delivery of healthcare, a secure fi nancial strat-
egy with robust fi nancial and manpower controls, a properly 
maintained technical infrastructure, clear lines of account-
ability, and good management and communication lines all 
need to be in place. Ideally there should be clearly defi ned 
written personnel procedures, good training systems, and 
written policies and guidelines for all staff functions. The 
facilities and functions described in this section need to be 
in place, and are as important as the quality of medical care 
given. The services and facilities discussed in this text are 
basic, not comprehensive; well- resourced countries may 
have many additional ones. If these services and facilities 
are in place, and are managed effi ciently, supported 
and maintained, mainline healthcare delivery will be 
effective.

Giving advice on generic hospital management is dif-
fi cult, since the ability to deliver a minimum standard of 
care depends on the political, social and economic context 
in which the hospital is situated. Ideally there should be a 
named person responsible for each facility and service, in 
addition to an overall hospital manager or management 
team. The hospital manager or management team should 
have overall responsibility for fi nances, estates and facilities, 
human resources, direct clinical patient care and support 
services (laboratories, radiology, therapies, pharmacy, etc.), 
training for all staff and the administrative services neces-
sary to support all of these activities. There should always 
be a head nurse, a head of support services and a senior 
doctor within the management team.

Staff management 
Staff motivation and retention (human resource 
management) is an essential component of hospital 
management.

In order to provide good- quality essential health services 
to the people whom they serve, hospitals must put in place 
strategies and mechanisms to retain staff and help them to 
provide the best possible care for patients. The reasons for 
the healthcare worker crisis in hospitals in resource- limited 
countries include inadequate numbers of healthcare profes-
sionals, who are poorly distributed due to an unplanned 
‘brain drain’ both regionally and internationally (attrition). 
According to the World Health Organization (2006), this 
phenomenon is caused by workers experiencing low sala-
ries, poor, unsafe work environments, a lack of defi ned 
career paths, and poor- quality education and training.

Another most important issue is the support of every 
healthcare worker’s family. Ministries of Health must not 
disrupt such vital bonds by moving staff away from their 
families, without their full and freely given agreement.

In the light of the above factors that face health services 
and compromise hospital- based care, managers must 
endeavour to motivate the limited human resources avail-
able to ensure retention.

A systematic review of six papers evaluating the man-
agement and leadership strategies that promote healthcare 
worker retention in resource- limited countries has identifi ed a 
number of key lessons, which can be summarised as follows.

Payment of fi nancial incentives to 
healthcare professionals
This particularly refers to professionals working in unpopular 
rural areas. Hospitals are run by boards which, as such, 
should be able to autonomously initiate better fi nancial 
incentives for their staff. The above- mentioned review found 
that 86% of the studies showed payment of an attractive 
salary and allowances was a key motivational strategy for 
maintaining healthcare workers in their posts. Often what 
made most healthcare workers leave their jobs, particularly 
in the public health sector, was being unable to provide 
basic support for their families on the meagre salaries 
provided. According to a study conducted in South Africa, 
an increase in salary of healthcare workers has resulted 
in many health professionals who had previously left the 
public health sector, to work in private facilities, returning 
to the public sector. 

Appreciation of healthcare workers 
The community loyalty, personal commitment and will-
ingness to make personal sacrifi ces that are shown by 
healthcare workers must be recognised and encouraged. 
This means that both the hospital management and the 
communities that they serve must demonstrate their appre-
ciation of these attitudes. 

Staff must be respected for and thanked for the work 
they do. Personal appraisal followed by periodic awards is 
a motivating factor for staff retention. The views of all staff 
should be listened to, and they must be involved in decision 
making to enable the best problem- solving approaches 
to be identifi ed and implemented – it is their hospital and 
their community.

Orderlies, porters and cleaners are just as important in 
patient care as doctors and nurses, and this needs to be 
made clear to all staff. It can be helpful for doctors, nurses 
and hospital managers to participate and help the cleaners 
during, for example, the monthly deep cleaning of a ward.

An annual awards ceremony can be very helpful. For 
example, each department could be awarded certifi cates 
for: 

 O the most punctual member of staff
 O the most improved member of staff
 O the best dressed member of staff
 O an award of excellence for the best all- round member 

of staff.

The awards could also include special categories, such as:
 O the most long- serving member of staff (e.g. the refuse 

collector) 
 O an award for providing services above and beyond the 

‘call of duty’.
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This allows awards to be made to staff who might not be in a 
position to further their education and to receive a certifi cate. 

Receiving such recognition in front of management and 
invited guests who are prominent in the hospital’s catch-
ment area is a huge honour and boost to morale.

Training and supervision
Studies conducted on human resource management 
for health services in Africa indicate healthcare workers’ 
frustration at having to be assigned to responsibilities and 
functions for which they have limited or no training. This 
can be effectively managed by providing ‘on- the- job’ sup-
port through the provision of simple and clear guidelines 
on clinical procedures. Although resources may be limited 
for specialised advanced training, priority should be given 
to locally conducted ongoing training that is cost- effective 
and sustainable, aimed at equipping healthcare staff with 
the knowledge necessary to provide effi cient and good- 
quality patient care.

Providing a programme, space and encouragement 
for healthcare workers to take turns to train and update 
their peers (e.g. an internal continuing medical education 
programme) can also be a low- cost and effective way for 
healthcare workers to share new or updated practice, as 
well as to develop their own teaching skills. 

Similarly, provision of basic information technology, 
computers and an Internet connection where possible is 
an important way of reducing professional isolation, helping 
healthcare workers to remain updated in their practice and 
to connect with the wider health community.

Some hospitals have benefi ted greatly by training the 
locally recruited nurse attendants (healthcare assistants) 
to second level (state- enrolled nurses) at the local nurse 
training school. Such nurses are usually born locally and 
their families live nearby, which often ties them to continuing 
to serve the community in which they live. In one site that 
has used this approach, the hospital has been able to train 
over 30 nurse attendants to the second level. 

The introduction of an on- call support service to nurses 
working out of hours can be valuable. Senior nursing staff 
who are knowledgeable and experienced have volunteered 
to help with diffi cult health or social problems that arise. This 
provides a link between management and the nursing and 
clinical staff, facilitating resource mobilisation and ensuring 
that staff are on duty at the right time and fi lling gaps where 
necessary. Many social problems for both staff and patients 
can be heard and addressed appropriately. 

Similarly, it is important to have a suggestions box that 
allows any member of staff to air their views anonymously 
if they wish to do so. 

Provision of essential equipment and 
supplies
The lack of or inadequate provision of medical supplies, 
drugs and equipment in hospitals is one of the most 
diffi cult situations that healthcare workers have to cope 
with. Research has shown the demotivating situation 
that healthcare workers face when trying to treat patients 
without the necessary drugs and equipment. The provi-
sion of adequate and regular medical supplies, drugs and 
equipment is part of the answer to the ongoing question 
of how health systems in developing countries can best 
retain their health workforces. Such provision should be a 
management priority.

Provision of social and family amenities
Provision of basic facilities such as housing and good 
accommodation for healthcare staff is found to have 
contributed immensely to retention in many parts of the 
resource- limited countries where such projects have been 
implemented as part of a retention package.

For example, this is evident in Bansang Hospital, 
Gambia, West Africa, where staff retention for the past 
5 years has been well recognised by authorities. Healthcare 
workers in Bansang Hospital are given fully furnished 
accommodation with water and electricity at no cost to 
the staff. This helps staff to increase their savings and thus 
boost their income, as they do not have to pay rent or util-
ity bills. This initiative has not only enabled the hospital to 
retain its staff, but has also served to attract other healthcare 
workers to come and work there.

A particular challenge for recruiting and retaining expe-
rienced healthcare professionals in remote regions is the 
provision of education for their children, particularly at 
secondary level. Arrangements for children to be educated 
and looked after elsewhere are offered in some countries, 
but this remains a barrier to retention.

Nutrition is an important aspect of medical care for 
inpatients, particularly those whose relatives cannot provide 
the nutritious or special diets required. Encouraging all staff 
to grow their own vegetables and fruit for both patients and 
staff gives staff a sense of belonging, and extends their 
care for patients. In Bansang Hospital, Gambia, staff have 
for the past 3 years formed their own ‘Charitable Farming 
Association’. They pay to become a member, and in return 
for this they can sustain the feeding of the patients with 
couscous and beans. Farming activities are to increase in 
2014, as the hospital has been given 20 hectares of land, 
and will now grow rice.

A social centre for staff (with a television, sports facilities, 
etc.), particularly those who are not living close to or with 
their families, can be very helpful. 

In conclusion, fi nancial incentives can contribute to 
retention, but other non- fi nancial incentives are equally 
likely to lead to sustainable retention. Given the economic 
situation in most resource- limited countries, the wages paid 
to healthcare workers in prosperous economies might not 
be realistic in low- income countries. However, the imple-
mentation of cost- effective human resource strategies is a 
more realisable step forward. 

Furthermore, the implementation of one strategy at 
the expense of others is unlikely to result in the long- term 
aim of achieving healthcare worker retention. Therefore 
there is a need to adopt both fi nancial and non- fi nancial 
strategies to retain healthcare staff. Strategies might differ 
between low- income countries, due to socio- cultural and 
economic differences.

Essential services and facilities
Hospital security and access
The security and accessibility of the hospital are of para-
mount importance, especially given the relative lack of 
police resources in many resource- limited countries. There 
is also a need for governmental and international agencies 
to ensure that hospitals are protected and do not become 
targeted during armed confl ict.

At the local level, the hospital should have a perimeter 
fence with secure entrances where all persons attending 
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have to demonstrate a legitimate reason for entry. No 
weapons should be allowed into the hospital, and in some 
countries it may be necessary to have a metal detector to 
screen all visitors. 

A well- organised car parking system is required, with 
strictly policed access areas for emergency vehicles and 
for parents or relatives bringing very sick patients to and 
from the hospital.

Safety and cleanliness
There should be clear written evacuation and fi re policies, 
together with appropriate equipment (e.g. fi re extinguish-
ers). The perimeter fence should be of a construction that 
will keep out animals.

Communication systems
Good communication systems for staff, visitors and patients 
are essential. Ideally both outside and internal telephone 
systems should be available. If telephone systems are 
not feasible, alternative effective reliable systems of com-
munication should be used. A hospital paging system for 
doctors, senior nurses and managers aids communication 
in emergency situations.

Internet access is invaluable for information sharing and 
education, both within a country and globally. Provision can 
be sought via governmental or non- governmental donor 
sources. A nominated person with overall responsibility 
for hospital computer systems predisposes to a cohesive 
service both internally and externally, avoiding duplication 
and ensuring appropriate usage.

Effective communication between groups of staff 
improves the effectiveness and effi ciency of care. Regular 
meetings should discuss individual patients, debrief fol-
lowing deaths and clinical incidents, and audit specifi c 
aspects of clinical and unit management, such as infection 
control. The outcome of audit, particularly any changes in 
practice, needs to be available to those staff it affects, but 
such meetings should be educational and not used for 
apportioning blame.

Utilities
Water and sanitation
Hygiene within the hospital is paramount, and is dependent 
on a constant and high- quality water supply and adequate 
sanitation and washing facilities (i.e. bathrooms, showers, 
toilets and accessible sinks with an effective, functioning 
drainage system), all of which are vital if hospital- related 
infection (see Section 1.2) is to be minimised.

Electricity
An electricity supply within the hospital, which functions 
independently of any power losses to the rest of the area, 
is mandatory. Therefore a generator of suffi cient power 
should be an essential item of equipment (the generator size 
is calculated from bed dependency and operating theatre 
requirements). In resource- limited countries where an erratic 
power supply is common due to high fuel costs, solar 
back- ups are needed for hospitals to function effi ciently 
and effectively. There should be special emergency circuits. 
Power- cut simulations should be carried out regularly to 
test the system.

Heating and ventilation
Ideally there should be a functioning central heating system 
within the hospital. For this to work, there will also need 
to be a continuous water supply. If either of these cannot 
be ensured, electric heaters should be installed in all areas 
where there are patients. 

In hot weather, there should be suffi cient windows 
(that can be opened) to allow a comfortable temperature 
to be maintained during the hottest part of the day. An air- 
conditioning system or fans, either electric or manual (to 
be operated by relatives), should be available in areas of 
the hospital that become particularly hot, and for patients 
who must be kept cool (e.g. children with high fevers or 
head injuries).

Laundry service
Bedding and other items must be frequently washed. 
Therefore the hospital must have a staffed laundry ser-
vice, ideally with a suffi cient number of industrial washing 
machines and drying facilities. Where hand washing is the 
only option, staff should wear protective clothing and high- 
quality thick gloves. Clean bedding, towels and nappies 
must be available. A small supply of nightwear and other 
clothing may be needed on the wards for families who do 
not have a change of clothes with them.

Cleaning services
Patients who are being cared for in hospital are par-
ticularly vulnerable to nosocomial (hospital- acquired) 
infection (see Section 1.2). To reduce this risk, suffi cient 
staff should be employed on a rota over the 24- hour period 
to keep all areas of the hospital and grounds clean at all 
times. Written cleaning policies and training for clean-
ers should be in place, and a supply of appropriate 
cleaning materials and disinfectants readily available.

Clean hospital grounds, pathways and entrances 
reduce the risk of dirt being transmitted to the ward and 
other patient areas by staff, relatives and other visitors. Stray 
animals must be kept away from the hospital premises.

Vermin must be kept away from the hospital buildings. 
Professional advice must be sought as soon as any signs 
of vermin are found.

Toilets, bathrooms and other facilities needed for per-
sonal hygiene and for equipment cleaning are of particular 
importance, and these areas should always be kept scru-
pulously clean.

Certain areas, such as operating theatres, as well as 
certain items of equipment, must always be aseptic (see 
Section 1.5). Ideally there should be a central sterilising 
service. If this is not possible there should be suitable steri-
lisers and a supply of appropriate disinfectants at a range of 
dilutions. Wherever possible the manufacturers’ instructions 
for specifi c items of equipment should be followed.

Waste disposal system
A powerful incinerator that operates 24 hours a day is 
essential for the safe disposal of clinical waste. A system 
for handling and disposal of all clinical and non- clinical 
waste, including ‘sharps’, is also needed. Written policies 
for various types of waste disposal, and appropriate train-
ing, should be available to all staff. 
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Facility and utility maintenance 
services
Buildings, utilities and equipment
It is essential for these to be maintained to as high a stand-
ard as possible. Suitably trained engineers, builders and 
other maintenance staff are necessary. There is no point 
in having expensive medical and surgical equipment if 
it cannot be maintained or used. A suffi cient number of 
trained bioengineers are therefore essential. All equipment 
that is used in the hospital should be robust, compatible if 
at all possible, suitable for the conditions and level of exper-
tise available, and, when new, should be purchased with 
accompanying staff training and servicing arrangements. 

Porters
For the functional relationships between different depart-
ments (e.g. the movement of patients to and from the 
operating theatres), a well- organised, trained and sympa-
thetic team of porters is essential.

Caterers
Hospital food must be prepared under scrupulously hygienic 
conditions, and by staff who do not have gastroenteritis or 
superfi cial skin infections. Ideally, nutritious food should 
be provided free of charge. Special diets for malnourished 
children should be available (see Section 5.10.B).

Administrative support
Rather than diverting away the skills of a trained nurse, 
dedicated reception and other administrative support staff 
need to be employed to aid facility managers and other 
non- clinical and clinical staff. There must be a staffed 
system for storing and processing medical and nursing 
records. There should be strict rules about who has access 
to these records, where they are stored and for how many 
years they are kept.

Human resource issues
Hiring and dismissing staff
There should be transparent procedures for advertising for, 
interviewing and employing staff. These must include non- 
discriminatory policies, in particular with regard to gender, 
age, and ethnic and religious status.

Employment and fi nancial issues
It is essential that the medical and nursing professions 
in all countries are highly regarded and respected, so it 
is important that the salaries for doctors and nurses in 
the national health services refl ect this. If not, the staff 
may have to undertake other jobs during the day, and will 
not feel valued for their work. A lack of funding for salaries 
also increases the risk of corrupt practices, with some doc-
tors taking supplies and equipment from their hospital to 
use in private clinics, thus depriving the poorest and most 
needy in the community.

Individual job descriptions and responsibilities should be 
agreed between healthcare professionals, their professional 
organisations and hospital management.

Arbitrary and compulsory transfer of staff from one 
place to another, at short notice and without consultation, 
is damaging both to morale and to the effectiveness of 
health services, and should be avoided.

There should be systems for ensuring the regular 

and secure recording of the time spent at work and the 
appropriate payment arrangements based on the con-
tracted number of hours worked (part-  or full- time). On- call 
emergency work and its payment should also be part of 
the contract.

There should be a professional registration system for 
each country, which ensures a basic level of training, as well 
as a system that validates experience and ability at specifi c 
intervals after initial registration.

Concern about individual performance should be 
addressed by a senior staff member on a one- to- one 
basis. Written guidelines should be used in a transparent 
way. Sometimes a period of supervised practice or retrain-
ing is appropriate.

Training and continuing staff education (see also 
Section 1.3)

Induction training concerning hospital policies should 
be mandatory for all staff.

Governments in well- resourced countries could encour-
age a support system of education for those working in less 
well- resourced regions. 

New teaching techniques, such as skill-  and 
scenario- based teaching (e.g. EMNCH courses) (see 
Section 1.3), should be introduced. 

Professional registration requirements for 
healthcare workers
These will vary from one country to another. However, some 
form of governmental registration is essential. There should 
also be procedures governing the employment of expatriate 
staff in the health service.

Vetting of healthcare workers
All staff who are working with patients, whether they are 
local or from abroad, should be checked to ensure that 
they are suitably trained and have not been involved in 
the abuse of children. This is also important with regard 
to expatriate staff.

Staff health (see also Section 1.17)
There needs to be a system to advise the hospital 

management about staff health problems that may affect 
patient care. Staff with health- related problems that are 
affecting their performance need access to a support-
ive occupational healthcare system. There should be 
systems in place to protect patients from staff who are ill. 
This is a diffi cult but extremely important issue, particularly 
with regard to illnesses such as TB, HIV and hepatitis. 
Sometimes other support is necessary so that a healthcare 
worker’s performance can be restored in the interests of all.

Needlestick injury
Although the risk of infection is very small, a policy should 
be in place to deal with this issue urgently, especially in 
hospitals where there are many patients with HIV infection 
and hepatitis.

Needlestick injuries are the commonest type of sharps 
injury, although other contaminated sharp instruments may 
also cause injuries. All healthcare workers must be edu-
cated about the potential exposure that can occur during 
their duties, and should have appropriate vaccinations. The 
risk of hepatitis B, hepatitis C and HIV infection should be 
assessed and appropriate immunisation or chemoprophy-
lactic steps taken after an incident. Immediate treatment 
of such injuries should encourage washing thoroughly with 
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running water and an antiseptic solution. Consult the infec-
tion control team for further advice, and follow their basic 
protocol. An incident- reporting system should be in place. 
This should not be seen as punitive; active support by man-
agers should encourage prompt and accurate reporting.

Exposure to human immunodefi ciency virus 
(HIV)
The route of transmission of HIV is from person to person 
via sexual contact, sharing of needles contaminated with 
HIV, infusions that are contaminated with HIV, or transplan-
tation of organs or tissues that are infected with HIV. The 
risk of a healthcare worker acquiring HIV after a needlestick 
or other ‘sharps’ injury is less than 0.5%. Risk reduction 
must be undertaken for all bloodborne pathogens, includ-
ing adherence to standard precautions using personal 
protective equipment, appropriate safety devices, and a 
needle disposal system to limit sharps exposure. Training 
for healthcare workers in safe sharps practice should be 
ongoing.

Information on preventive measures must be provided 
to all staff who may potentially be exposed to blood and 
blood products. Policies that are in line with the local and 
national guidelines must include screening of patients, 
disposal of sharps and wastes, use of protective clothing, 
management of inoculation accidents, and sterilisation 
and disinfection procedures. Hospital policy must include 
measures to obtain serological testing of source patients 
promptly where necessary, usually with the patient’s 
informed consent. Post- exposure prophylaxis should be 
started as per local or national guidelines.

A suggested strategy for use when a healthcare worker 
has been potentially exposed to HIV
1 Discuss with the patient (or in the case of a child, the 

family) what has happened, and ask whether the patient’s 
HIV status is known. If it is not, discuss the possibility 
of testing, if the injury occurred during normal working 
hours. Remember that anyone undergoing an HIV test 
has the right to counselling. If the injury occurred out of 
hours, or the family decline testing, proceed to Step 3.

2 If the patient has negative HIV ELISA and is over 
18 months of age, infection is extremely unlikely. If they 
are under 18 months of age, a positive ELISA may 
refl ect maternal antibodies. However, any positive test 
result should lead to Step 3. If the result is negative, the 
healthcare worker is not at risk of HIV infection. However, 
further testing of both the child and the healthcare 
worker for hepatitis B and C may be warranted. 

3 Arrange a baseline HIV ELISA for the healthcare worker 
after appropriate counselling. If the result is positive, they 
will need to discuss further treatment with their own 
doctor.

4 If the healthcare worker’s baseline serology is negative 
and the patient is HIV positive, antiretroviral prophylaxis 
should be started urgently. Current recommendations 
advise 1 month of treatment. The healthcare worker will 
need a repeat ELISA after 3 to 6 months to check their 
status.

Exposure to hepatitis B virus
The route of transmission of hepatitis B virus is through body 
fl uids such as blood, saliva, cerebrospinal fl uid, peritoneal, 
pleural, pericardial and synovial fl uid, amniotic fl uid, semen, 

vaginal secretions and any other body fl uid containing 
blood, and also through blood products. It is important 
to follow standard precautions, but immunisation is the 
best way of preventing transmission to healthcare staff. All 
healthcare workers who are in contact with patients or body 
fl uids must be vaccinated against hepatitis B.

Staff who are infected with bloodborne pathogens may 
transmit these infections to patients, and therefore require 
careful evaluation with regard to their duties. This status 
should not be used to discriminate against them.

Exposure to hepatitis C virus
The route of infection is mainly parenteral. Sexual transmis-
sion does occur, but is far less frequent. No post- exposure 
therapy is available for hepatitis C, but seroconversion (if 
any) must be documented. As for hepatitis B viral infection, 
the source person must be tested for hepatitis C virus 
infection. For any occupational exposure to bloodborne 
pathogens, counselling and appropriate clinical and sero-
logical follow- up must be provided.

Confi dentiality
Systems need to be in place to ensure that patient’ records 
and the personal fi les of employed staff are kept confi dential.

Other services for patients and their 
relatives
Health information should be available (see the Maternal 
and Child Healthcare Initiative (MCHI) manual).

Toilets should be available for visitors, as well as facilities 
for those visitors with a disability. If possible, telephones 
should also be available for visitors.

Ideally there should be written policies concerning the 
rights and responsibilities of patients, resident parents/
carers and visitors. These policies should be prominently 
displayed around the hospital, and should include issues 
such as the prevention of smoking, the effects of alcohol, 
violence (verbal and physical) and weapons in the hospital. 
Smoking is particularly important in relation to children’s 
health, but in the case of stressed parents it may be inap-
propriate to ban it altogether. Instead it should be limited 
to defi ned areas. 

Family- centred care
The role of families in caring for patients alongside and 
in partnership with professional staff is vital, but must be 
handled extremely carefully. Families must not be exploited, 
but equally in resource- limited countries hospital care would 
not be possible without their assistance. Good understand-
ing of roles and effective communication are of paramount 
importance (see also Section 1.20 and the MCHI manual).

Play, sensory stimulation and support for 
children’s wards
The importance of play and developmental support cannot 
be overemphasised. A friendly and stimulating environment 
helps the child to understand and cope with their hospi-
talisation and to get better far more quickly (as advocated 
in the World Health Organization recommendations for the 
recovery management of children with malnutrition). It also 
helps to support the parents, and can provide them with 
additional skills that they can continue to use at home once 
the patient has been discharged. Many mothers cannot 
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afford to stay at the hospital for long periods because there 
is strong pressure to return to their village, where they are 
pivotal to the daily routine, farming, etc. Mothers can be 
supported by passing on the knowledge of play as taught 
by a play worker. Giving the sick child access to play and 
information facilities in hospital also helps to reduce loneli-
ness and fear. 

Some well- resourced countries have training pro-
grammes and qualifi cations for play specialists. These are 
not available in most low- income countries. However, much 
can be achieved by recruiting suitable people to support 
therapeutic, informational and recreational play with children 
in hospital. It is effective, as both an adjunct and core part 
of treatment, in the hands of a skilled play worker, and any 
resources can be made of local and low- cost materials. 

Play workers need to have good communication and 
empathy skills with children and families. They also need to 
have a good understanding of child development and the 
particular needs of children in hospital (especially children 

who are alone and/or who have disabilities or other addi-
tional needs). In addition, play workers need to be trained 
in how to deal with some specifi c situations, such as the 
comatose child (the fact that these children can hear and 
have feelings when touched, and how to encourage the 
parents to talk and play with the child). 

Conclusion
The provision, organisation and fi nancing of these services, 
facilities and functions, and the management of the human 
resources needed to service them, are as important as 
those needed to provide the clinical and clinical support 
services. A sound hospital infrastructure and manage-
ment are of paramount importance for the provision of 
good- quality care.

Further information on other work- related issues con-
cerning healthcare staff can be found in Sections 1.17 
and 1.20.

1.2 Prevention of hospital- acquired infection

Introduction
Nosocomial or hospital- acquired infection is a major 
problem not only in terms of cost but also, more importantly, 
because it increases morbidity and mortality in patients. 
Such infections may affect up to 10% of all patients. 
Nosocomial infection requires a source of microorganisms 
and a chain of transmission. It is essential that all healthcare 
staff scrutinise their own practice to ensure that they are 
not part of this chain of transmission. 

Please see the Maternal and Child Healthcare 
Initiative Manual for more information on standards of 
care relating to the prevention of hospital- acquired infec-
tion (http://media.wix.com/ugd/dd2ba4_ef4f40edd
7a8993a8621a2caea7e4338.pdf).

The combination of use of powerful antibiotics and poor 
hygiene also predisposes to the development of antibiotic- 
resistant microorganisms, which are difficult both to 
eradicate from the environment and to treat.

Pregnant women and girls, as well as children with 
chronic and debilitating illness, are particularly at risk of 
infection. However, not all infections are related to their 
particular disease process, but rather they may be caused 
by failure of both hospital management and individual 
healthcare workers to introduce and adhere to strict infec-
tion control policies.

Every research study relating to the prevention of 
infection and cross- infection in hospitals during the last 
100 years has emphasised the importance of hygienic 
conditions in the entire hospital. 

Requirements and procedures
The following measures are essential in order to minimise 
the risks of infection and cross- infection.

A clean and adequate water supply
Just as water and sanitation are of central importance in 
the prevention of cross- infection in emergency refugee 
camps, they are also of vital importance in hospitals, 
particularly where there are vulnerable patients. Running 
water (both hot and cold) is preferable. Hot water should 
be stored at 65°C, distributed at 60°C, and the tempera-
ture then reduced to 43°C to be used from the taps. This 
process helps to ensure that water- borne infections such as 
Legionnaire’s disease are not passed on to staff or patients.

Accessible sinks in all areas
These should preferably be equipped with elbow- operated 
taps, and there should be adequate washing and toilet 
facilities for staff and patients.

Effective cleaning policies 
The whole of the hospital, including the grounds, should 
be kept clean. Entrances should screen visitors’ shoes 
for dirt, and corridors need to be cleaned at least twice a 
day with a disinfectant (see below). Ward areas, fl oors, 
window- sills, light fi ttings and curtains need to be kept 
scrupulously clean, but the priority is the adequacy and 
cleanliness of the toilets and bathrooms. These should 
be kept scrupulously hygienic by frequent cleaning and 
disinfection. Staff appointed as cleaners should be given 
adequate status and salaries to refl ect the importance 
of the work they are doing, as well as training in how to 
keep the hospital clean and why this is so important.
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Effective services for disposal of human and 
other waste
Human and other waste should be disposed of and col-
lected separately. Foot- operated bins are preferable, and 
frequent rubbish collections are essential. Ideally the hos-
pital should have its own incinerator.

Laundry service
All bedding, towels, fl annels and curtains must be regularly 
washed with a detergent and disinfectant. Industrial wash-
ing machines are essential.

Strict hand- washing policies
Viruses and bacteria can survive on the hands for 2 to 
3 hours. Correct hand- washing technique for all staff, visitors 
and patients is the most important factor in the prevention 
of cross- infection. It is easily taught, and frequently an 
improvement in practice is demonstrated in the short term. 
However, when examined over a longer period of time, old 
habits and short cuts reappear.

Good hand- washing techniques are dependent on ade-
quate supplies of clean water, ideally elbow- operated taps, 
a liquid soap supply and an effective method of hand drying 
(see Figure 1.2.1). Where it is impossible to provide liquid 
soap and paper towels, some ingenious solutions have 
been attempted. Bar soap suspended in a net bag over 
the sink area and individual cloth towels for each patient, 
changed every 24 hours or at the discharge of the patient 
and kept within their bed space, can be effective. Added 
emollient protects the hands from chafi ng. Antiseptics can 
be added to liquid soap to improve antimicrobial activity, 
and chlorhexidine is a cheap and effective antiseptic that 
is widely available throughout the world. However, there 
is no good evidence that this increases the effectiveness 
of hand washing substantially. Antiseptics should be used 
before invasive procedures and where there is heavy soiling 
with potentially contaminated body fl uids or other human 
waste. Povidone iodine should be reserved for use as a 
surgical scrub.

When running water is not available or hand washing is 
diffi cult, a 70% alcohol gel is useful. This is a new but fairly 
expensive product that has a signifi cant part to play in the 
prevention of introduction of cross- infection in high- risk 
areas. When rubbed on and allowed to dry, it is effective 
in disinfecting the hands. After initial conventional hand 
washing it can be used between each patient contact, but 
further hand washing is still recommended after every fi ve 
to six rubs.

All of the above- mentioned items may be regarded as 
a considerable extra cost for a health service, but are cost 
saving when balanced against an increased length of hospital 
stay due to infection, the additional medications required and 
sometimes unnecessary deaths caused. 

All staff should have a personal responsibility for hygiene, 
but every ward should also identify an individual (ideally a 
nurse with the support of a microbiologist, if available) to 
be responsible for the education of all staff in techniques 
that will prevent the spread of infection, particularly effec-
tive hand washing and drying. This education programme 
will need to be ongoing, as even in the best centres these 
programmes are only effective for relatively short periods 
of time. The organisation needs to support the identifi ed 
staff member in reinforcing that all grades and members of 
staff have responsibility for their practice (especially doctors, 

who should act as role models). In addition, it needs to 
become the norm for this identifi ed staff member, no matter 
how junior they are, to be recognised as the expert in their 
unit, and anyone who is asked to carry out hand wash-
ing must immediately and unquestioningly comply with 
this request.

FIGURE 1.2.1 Effective hand washing.

Disposal of body fl uids
Each ward or unit must have an area set aside for this 
purpose. It and all the equipment that it contains must 
be kept scrupulously clean and body fl uids disposed of 
quickly, with any spillage removed immediately. If there is 
likely to be a risk of body fl uids being contaminated with 
life- threatening organisms, additional precautions should 
be taken. After hand washing, disposable clean gloves 
should be used by all staff and family members who will 
be assisting with the toileting of patients. Care must be 
taken with sharp objects such as hypodermic needles, in 
order to protect the patient, their family, other unit visitors 
and staff. An empathetic approach is necessary to ensure 
that the patient and their family do not feel stigmatised and 
undeserving of normal care and attention. 

Cleaning, disinfection and sterilisation of 
equipment and furniture
The manufacturer’s instructions for individual items 
of equipment must always be followed. These will 
usually clearly state which items need to be sterilised 
and where disinfection will be suffi cient. They will also 
indicate appropriate dilutions for disinfectants. All 
equipment should be cleaned before being sterilised 
or disinfected.

Sterilisation
This is the complete elimination and destruction of all 
forms of microbial life. This is frequently achieved by steam 
under pressure, dry heat, gas or liquid chemicals. Such a 
sterilisation system must be available in every ward where 
invasive procedures are undertaken, and such systems 
are also required for instruments and towels used in the 
operating theatre.
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Disinfection
This is a process that eliminates the majority of microorgan-
isms, with the exception of the most resistant endospores. 
It is usually accomplished using liquid chemicals called 
disinfectants. Hypochlorites are inexpensive and effective 
disinfectants. They are active against most microorganisms, 
including HIV and hepatitis B. However, they do have a 
corrosive effect on metals, and if used on fabric or carpet 
can bleach out colours. Hypochlorites in a diluted form 
(usually 0.1% solution) for domestic use are contained in 
household cleaners available worldwide. These household 
cleaners can be used in the hospital environment for general 
cleaning, but stronger solutions (0.5% chlorine solution) 
must also be available, particularly for the disposal of 
body fl uids, for initial cleaning of bloodstained instruments, 
and following outbreaks of notifi able infections. A 0.5–1% 
solution is recommended for the treatment of blood and 
body fl uid spills, and 0.05–0.1% solution can be used for 
all surfaces. Hypochlorites are available as tablets, which 
makes the process of dilution easier.

How to prepare high- level disinfectant solutions
The best compound for the preparation of chlorine solutions 
for disinfection is household bleach (also known by other 
names such as Chlorox® and Eau de Javel). Household 
bleach is a solution of sodium hypochlorite which generally 
contains 5% (50 g/litre or 50 000 ppm) available chlorine.

Thick bleach solutions should never be used for disin-
fection purposes (other than in toilet bowls), as they contain 
potentially poisonous additives.

When preparing chlorine solutions for use, the following 
points should be noted:

 O Chlorine solutions gradually lose strength, and freshly 
diluted solutions must therefore be prepared daily.

 O Clear water should be used, because organic matter 
destroys chlorine.

 O A 1:10 bleach solution (0.5%) is caustic. Avoid direct 
contact with the skin and eyes.

 O Bleach solutions give off chlorine gas, so must be pre-
pared in a well- ventilated area.

 O Use plastic containers for mixing and storing bleach 
solutions, as metal containers are corroded rapidly and 
also affect the bleach.

Two different dilutions of bleach are used for disinfection.
1:10 bleach solution (containing 0.5% chlorine)
This is a strong disinfectant, which is used to disinfect 

the following:
 O excreta
 O bodies
 O spills of blood or body fl uids
 O medical equipment (e.g. delivery sets, kidney dishes, 

suture instruments, catheters, speculum).

To prepare a 1:10 bleach solution, add one volume (e.g. 
1 litre) of household bleach to nine volumes (e.g. 9 litres) 
of clean water.

Always wear gloves. Immediately after delivery or 
examination, clean the instruments below the level of 
solution in the plastic bucket using a brush. Leave for 
10 minutes and then place them in soapy water, wash with 
a brush, and fl ush every catheter with a 10–20 mL syringe. 
Next rinse with clean water and air dry, and then sterilise or 
boil for 20–30 minutes. Store dry in a metal bowl.

Change the solution after 24 hours or when it becomes 
bloodstained.

Label buckets with tape indicating the date and time 
when the solution was prepared and when it needs to be 
changed. 

0.5% solution is also used to prepare 1:100 bleach 
solution.

1:100 bleach solution (containing 0.05% chlorine)
This is used for the following:

 O disinfecting surfaces
 O disinfecting bedding
 O disinfecting reusable protective clothing before it is 

laundered
 O rinsing gloves between contact with different patients (if 

new gloves are not available)
 O rinsing gloves, aprons and boots before leaving a 

patient’s room
 O disinfecting contaminated waste before disposal.

To prepare 1:100 bleach solution, add one volume (e.g. 1 
litre) of 1:10 bleach solution to nine volumes (e.g. 9 litres) 
of clean water.

Note that 1:100 bleach solution can also be prepared 
directly from household bleach by adding 1 volume of 
household bleach to 99 volumes of clean water (e.g. 100 mL 
of bleach to 9.9 litres of clean water), but making it up from 
1:10 bleach solution is easier.

Cleaning 
This is often the most neglected of the three processes, 
and it must precede sterilisation and disinfection. When 
undertaken using a disinfectant detergent, cleaning alone 
will effectively reduce the number of microorganisms and 
make safe those items that come into contact with the intact 
skin (e.g. blood pressure cuffs, bed rails, intravenous poles).

Isolation of patients with specifi c infections 
For isolation procedures to be effective they need to be 
instituted early. Two or more patients with the same infec-
tion can be isolated together. Different isolation techniques 
will be needed, and the use of gowns, gloves and masks 
will be necessary if the infection is very contagious and/or 
very serious. In some cases, nursing the patient in a cubicle 
or single room until medical tests are complete is all that 
is necessary. When there is a need for gowns, gloves and 
masks, these will require frequent changing or washing to 
ensure their effi cacy, and must be used by everyone who 
comes into contact with the patient, including medical staff 
and carers. Ideally, they should be used only once and then 
removed and discarded or sent for laundering on leaving the 
isolation area. An area will need to be set aside for changing, 
with supplies of gowns, gloves, aprons and masks. Gowns 
made of cotton material will need to be worn with plastic 
aprons. Children’s compliance with isolation techniques 
will improve if the element of fear is removed. This can 
be achieved by all medical staff allowing the child to see 
their face (through a window) before donning a mask. It is 
also essential that when children are in hospital, infection 
control policies do not interfere with the child’s contacts 
with their parents. 

Infection control measures following the 
death of a patient 
When a patient dies, the amount of time that the parents 
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and other family members are able to spend with them will 
vary according to the facilities that are available. Rituals 
and beliefs concerning the death of an individual, and the 
management of the body, usually involve religious or cul-
tural observance. There are many beliefs surrounding the 
distinction between physical and spiritual life, in particular 
the belief that something of the individual survives death, 
either to be reborn through reincarnation or to fulfi l their 
spiritual destiny in the afterlife. It is important that the correct 
funerary procedures, if any, are followed in order to ensure 
that the bereaved are not distressed by any omission which 
they consider important. 

All societies, whether religious or not, have to deal 
with the problem of the death of their patients and the 
bereavement of parents and other close family members. 
Like other transitions in an individual’s life, death is usu-
ally marked by a rite of passage in which central values 
are restated and important social bonds re- emphasised. 
Precise customs vary in different religions and traditions, 
but common features include the washing and laying out 
of the corpse (which may be embalmed), and the wake, or 
watching over the dead body. These customs may need 
to be modifi ed to prevent the spread of infection to other 
members of the community, or because of the need to 
perform post- mortem examinations to establish an exact 
cause of death. Effective hand- washing procedures remain 
of paramount importance.

In countries where the climate is characterised by 
extremes of temperature, refrigeration of dead bodies until 
they can be returned to the family is essential. Each hospital 
should have a mortuary building adjacent to, but separate 
from, the hospital. To prevent the spread of infection, staff 
working in the mortuary will need to be provided with sepa-
rate clothing for use in that department. The use of two pairs 
of gloves, or thick rubber gloves and protective clothing, 
will be necessary for the post- mortem examination if there 
is suspected infection of the body with life- threatening 
bacteria or viruses. 

The mortuary department will need to have facilities 
for families to see and spend time with their dead relative, 
and a separate comfortable area where documentation 
can be completed and any necessary interviews with local 

government officials can be conducted. The mortuary 
department not only provides facilities for post- mortem 
examination, but also, in large centres, it can be part of 
the government facilities for forensic post- mortems, which 
may provide additional resources for the hospital. Having 
these centres within a hospital may improve services for 
families, but care needs to be taken that there is a culture of 
openness that involves families in the consent procedures 
for all examinations performed after the patient’s death.

Conclusion
Each member of the hospital has a role to play in the 
prevention of hospital- acquired infections. The greatest 
responsibility lies with the healthcare professionals, particu-
larly nurses and doctors, who in the hospital setting are in 
contact with patients and their families 24 hours a day, and 
because of this are the main perpetrators of cross- infection. 
However, they can also demonstrate good practice by, for 
example, being the catalysts for change, and improving the 
education of other hospital staff and families.

Further reading
Alvarado CJ (1999) Sterilization vs disinfection vs clean. 

Nursing Clinics of North America, 34, 483–91.
Purssell E (1996) Preventing nosocomial infection in paediatric 

wards. Journal of Advanced Nursing, 5, 313–18.
Wilson J (1995) Infection Control in Clinical Practice. London: 

Bailliere Tindall.
Yost AJ and Serkey JM (1999) Rule- makers who estab-

lish infection control standards. Nursing Clinics of North 
America, 34, 527–53.

World Health Organization (2002) Prevention of Hospital- 
Acquired Infections: a practical guide, 2nd edition. www.
who.int/csr/resources/publications/whocdscsreph200212.
pdf

World Health Organization (2009) WHO Guidelines on Hand 
Hygiene in Health Care. First global patient safety challenge: 
clean care is safer care. http://whqlibdoc.who.int/publica-
tions/2009/9789241597906_eng.pdf

World Health Organization (2010) Guide to Local Production: 
WHO- recommended Handrub Formulations. www.who.int/
gpsc/5may/Guide_to_Local_Production.pdf

1.3 Continuing medical education for healthcare 
professionals

Continuing medical education takes many forms, including 
the following:

 O on- the- wards training
 O short courses on the management of emergencies
 O use of a readily available pocketbook 
 O the availability of a postgraduate education centre with 

library and Internet facilities
 O departmental meetings
 O online websites and organisations
 O local (Ministry of Health) guidelines and publications 
 O courses and conferences

 O Internet- based membership organisations (e.g. HIFA 
2015 and CHILD 2015).

Every healthcare professional needs to engage in continu-
ing medical education in order to keep up with the pace of 
change. They may be a long way away from a university. 
They may have no library within reach. They may not be 
sent any journals to read. They may not be able to go away 
for further education. In resource- limited countries they 
may not be able to afford a computer or Internet access, 
or to print out the myriad of teaching materials available 
on the web.
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On- the- wards training
This is probably the most effective way of keeping front- line 
staff up to date, especially with regard to the management of 
emergencies such as eclampsia or the newborn infant who 
does not breathe at birth. For these mini- teaching sessions, 
as little as 1 to 2 hours a week can be very effective, and ide-
ally a senior staff member who has been trained in medical 
education (e.g. through the Generic Instructor Course of the 
Advanced Life Support Group, ALSG) should lead. Manikins 
(e.g. of the newborn infant), in which the lungs expand only 
when the airway is positioned correctly and the face mask 
is properly applied, can be helpful. It can also be useful to 
include refreshments and to make the teaching sessions 
friendly and socially supportive so that staff look forward to 
them and are keen to participate and learn. 

Short courses on the management of 
emergencies
The ALSG in collaboration with Maternal and Childhealth 
Advocacy International (MCAI) has designed and made 
available for low- income countries 3-  to 5- day courses in 
the emergency management of obstetric, neonatal and 
paediatric emergencies (see www.alsg.org and www.
mcai.org.uk). These courses, which are certifi ed, consist 
of a combination of lectures, workshops, skill stations and 
clinical scenarios, undertaken by volunteer instructors 
who have been through a Generic Instructor Course (GIC) 
on medical education, and who are skilled in the clinical 
components of the course. 

Pocketbook
A pocketbook that is available at all times is one of the best 
ways of accessing up- to- date evidence- based information, 
and is particularly valuable for the management of emergen-
cies when there is no time to go and look for a textbook. 

The new edition of the WHO Pocket Book of Hospital 
Care for Children (www.who.int/maternal_child_adoles
cent/documents/child_hospital_care/en/index.html) is a 
valuable adjunct to the ward care of sick children in low- 
resource situations. A useful supplement to this pocketbook 
is the 2012 WHO publication ‘Recommendations for man-
agement of common childhood conditions: Newborn 
conditions, dysentery, pneumonia, oxygen use and deliv-
ery, common causes of fever, severe acute malnutrition 
and supportive care’ (http://whqlibdoc.who.int/publica
tions/2012/9789241502825_eng.pdf).

Postgraduate education centre with library 
and Internet facilities
A postgraduate medical education centre that can be 
accessed by all healthcare staff is a good way of provid-
ing continuing medical education support. This education 
centre could, at the very minimum, consist of a reason-
ably sized, comfortable room containing a library and if 
possible at least one computer. This could function as the 
area where regular departmental meetings are held. All 
non- governmental organisations (NGOs) are concerned 
with sustainable development, and most of them regard 
education as a priority that requires major investment. If 
you are unable to obtain funding from your health service, 
cultivate a relationship with an NGO or similar organisation, 
and try to gain investment from them or other sources. 

 O The library should contain the basic textbooks, in edi-
tions that are as up to date as possible.

 O If possible, subscriptions for the major obstetric and pae-
diatric journals should be obtained or accessed online.

 O It may be that none of the standard textbooks are pub-
lished in your language. English is the major international 
scientifi c language, so it seems reasonable to focus on 
English language texts.

 O If your centre has an electricity supply, if you are able to 
obtain a computer with CD- ROM, and if it is possible 
to install a telephone line or mobile Internet sticks are 
available, this will allow you to communicate by email 
with specialists in other countries, and to access the 
Internet in order to obtain up- to- date information on 
diseases and their treatment. The organisation Teaching- 
aids At Low Cost (TALC) (www.talcuk.org) is useful in 
this regard. Computers are now being designed solely 
for Internet use, and these are less expensive than the 
standard personal computer (PC). This investment, 
for the price of perhaps six good books, can make 
available a vast amount of up- to- date information. In 
most countries a subscription is required for access 
to the Internet, and there will be telephone line usage 
charges, for which funding will be needed. Again, English 
is likely to be the language of choice for your global 
communication. 

 O Security may be a problem. The postgraduate education 
centre will need to be designed with this in mind, so that 
books and computers are not stolen.

Departmental meetings
Many departments will need to hold regular meetings. 
Cases can be presented and discussed, and a journal club 
can be organised. Morbidity and mortality audit meetings 
are very useful for identifying areas where practice can be 
improved by the team. However, it is very important that this 
kind of meeting is supportive, non- judgemental, and does 
not to assign blame. It is a good idea for each department 
to hold one of their weekly meetings in English.

Online websites and organisations
The Internet has many millions of pages. A number of web-
sites are listed below, which will give you an introduction to 
online obstetric and paediatric information.

 O World Health Organization (www.who.int). It is 
important to remember the WHO when working in low- 
resource settings. It is tempting to compare standards 
of care with those in the UK and other well- resourced 
countries. However, the WHO has produced numerous 
publications and guidelines on minimum standards of 
care and is a very valid resource.

 O UNICEF: www.unicef.org
 O UNFPA: www.unfpa.org

UNICEF and UNFPA, like the WHO, can be an invaluable 
resource. 

 O Paediatric Information Education Resource (PIER): 
http://pediatriceducation.org

 O International Paediatric Association (IPA): www.ipa-
world.org

 O Hong Kong College of Paediatrics: www.paediatrician.
org.hk

 O American Academy of Pediatrics: www.aap.org/en-us/
Pages/Default.aspx

 O Canadian Paediatric Society: www.cps.ca/en
 O Regional and General Paediatric Society (RGPS), Royal 
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Australasian College of Physicians: www.racp.edu.au/
page/educational-and-professional-development

 O British Paediatric Surveillance Unit: www.rcpch.ac.uk/
what-we-do/bpsu/british-paediatric-surveillance-unit

 O Archives of Disease of Childhood (journal): http://adc.
bmj.com

 O Developmental Medicine and Child Neurology (journal): 
www.cambridge.org

 O Ambulatory Child Health (journal): http://onlinelibrary.
wiley.com/journal/10.1111/(ISSN)1467-0658

 O Pediatrics (journal): http://pediatrics.aappublications.org
 O European Society for Paediatric Research: www.espr.

info
 O Neonatal and Paediatric Pharmacists Group (NPPG): 

www.networks.nhs.uk/nhs-networks/nppg-neonatal-
and-paediatric-pharmacists-group

 O Institute of Child Health of London: www.ich.ucl.ac.uk
 O British Medical Journal (journal): www.bmj.com
 O Systematic Review Training Unit: www.ucl.ac.uk/ich/

homepage
 O OMIM (genetics syndromes): www.ncbi.nlm.nih.gov/

omim
 O Bibliography of online texts: www.drsref.com.au/books.

html
 O Children’s Hospital of Philadelphia: www.chop.edu
 O Paediatric X- rays: http://radiologyeducations.com
 O American Academy of Pediatrics: www.aap.org
 O Facts for families: www.aacap.org/info_families/index.

htm
 O British Society of Paediatric Endocrinology: www.bsped.

org.uk
 O International Society for Paediatric and Adolescent 

Diabetes: www.ispad.org
 O Johns Hopkins Program for International Education in 

Gynecology and Obstetrics (Jhpiego): www.jhpiego.org
 O Videos on maternal and child healthcare for low- resource 

settings: www.glowm.com
 O http://globalhealthmedia.org
 O http://www.healthynewbornnetwork.org/multimedia/

video/born- too- soon- kangaroo
 O http://medicalaidfi lms.org

Local (Ministry of Health) guidelines and 
publications 
Some countries are beginning to develop professional bod-
ies (e.g. paediatric societies, obstetric societies, groups for 
nurses and midwives). Some of these professional bodies 
are developing guidelines and have access to resources 
which will be useful. 

In addition, some Ministries of Health are working 
with organisations such as the WHO, UNICEF, the Johns 
Hopkins Program for International Education in Gynecology 
and Obstetrics (Jhpiego) and Save the Children to develop 
programmes and guidelines to improve local healthcare. It 
is important for those working in low- resource countries 
to be aware of the activities of the relevant government. 

Courses and conferences
These will differ from one country to another, and will be 
linked with the Ministry of Health and professional bodies. 

Web- based membership organisations: HIFA 
2015 and CHILD 2015

 O HIFA 2015: www.hifa2015.org and https://dgroups.org/
groups/child2015/

 O CHILD 2015: www.hifa2015.org/child2015- forum

The goal of these organisations is that, by 2015, every 
person worldwide will have access to an informed health-
care provider.

HIFA 2015 is a campaign and knowledge network with 
more than 5000 members representing 2000 organisations 
in 167 countries worldwide. Members include healthcare 
workers, publishers, librarians, information technologists, 
researchers, social scientists, journalists, policy makers and 
others – all working together towards the HIFA 2015 goal.

HIFA 2015 contributes to the broader goal of the Global 
Health Workforce Alliance: ‘All people everywhere will have 
access to a skilled, motivated and supported healthcare 
worker, within a robust health system.’

Members interact via two email discussion forums: 
HIFA2015 and CHILD2015. Together these organisations 
are building the HIFA2015 Knowledge Base, a picture of 
information needs and how to meet them. Membership is 
free and open to all. 

1.4 Essential imaging facilities

Introduction
Despite the fact that the use of ionising radiation (‘X- rays’) for 
diagnostic purposes was discovered more than 100 years 
ago, up to two- thirds of the world’s population still have 
no access to primary care diagnostic imaging services. 
Some rural clinics may be located in remote impoverished 
areas such that imaging equipment is impossible for the 
population to access. However, clinics in larger towns, and 
certainly every institution that merits the title of ‘hospital’ 

should have, at the very least, simple radiographic and 
ultrasound equipment available. This will necessitate 
the training of healthcare workers to use the equipment 
appropriately and safely. Local healthcare workers will also 
interpret most of the examinations performed, and therefore 
need training in radiographic interpretation. Many African 
countries, for example, do not have a single radiologist. As 
most radiographic equipment is now digital, in the absence 
of a specialist opinion, teleradiology services are an option in 
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a few areas. Various teleradiology solutions exist in different 
regions and are expanding, but they are not widespread. For 
the under- resourced setting, charitable specialist opinions 
would need, of necessity, to be provided free of charge. 

A basic service
In the context of severely limited resources, health planners 
have to be selective in their choice of imaging technology. 
Some radiographic equipment can be so expensive that 
its purchase might be to the detriment of other important 
components of a basic health service. The radiographic 
equipment should nevertheless refl ect the standard of 
care in each clinic or hospital. Albeit suboptimal, very basic 
orthopaedics can be carried out utilising plain radiographs 
alone. Proper fracture reduction necessitates that a C- arm 
fl uoroscopy unit should ideally be available. A CT scanner 
should be on site at a regional centre where there are sur-
geons available with basic neurosurgical skills (e.g. capable 
of making burr holes for extradural haematoma evacuation). 

 O The majority of radiographic studies in hospitals every-
where are plain radiographic examinations. In a small 
rural or suburban hospital, plain radiography will account 
for approximately 90% of all the necessary examinations 
and, where available, ultrasound will meet the needs of 
much of the remaining 10%.

 O Good diagnostic imaging frequently leads to less 
hospitalisation, allows for quicker and more accurate 
diagnosis, and results in less suffering and pain. The 
WHO recommends that even small hospitals and clinics 
with only one doctor should have imaging equipment. 

 O Access to most of the equipment described below 
should be available to all sick and injured children.

Diagnostic radiographic equipment
 O Radiographic equipment that is easy to operate and 

maintain, such as the World Health Imaging System 
for Radiography (WHIS- RAD). This is based on much 
practical experience, and is ideally suited to radiology 
departments in disadvantaged countries.

 O WHIS- RAD was fully specifi ed in 1995. A WHIS- RAD 
unit is easily applicable to children and small infants, is 
relatively inexpensive, is safe for patients and operators, 
and produces high- quality images.

 O In recent years the cost of obtaining and process-
ing X- ray fi lm has become problematic, particularly in 
developing countries. Fortunately, WHIS- RAD is now 
available in digital format or retrofi t. The use of computed 
radiography (CR) with reasonably priced liquid crystal 
display (LCD) monitors allows for easy data storage, 
archiving and retrieval, as well as the potential for utilising 
teleradiology resources. 

 O A CR plate has the added advantage of a large dynamic 
range such that repeat X- rays are seldom necessary. 

 O Radiation doses from a WHIS- RAD unit are typically 
lower than those from many conventional radiographic 
machines, which is particularly appealing where stand-
ards of radiation protection, the use of cones, lead 
protection and dosimetry may be variable and often 
non- existent.

 O The X- ray generator specifi ed for WHIS- RAD may be 
used with almost any power supply, however variable. 
WHIS- RAD batteries can operate for up to 3 weeks 
before they need to be recharged. 

 O Patients can be examined in a standing, sitting or 
recumbent position. 

 O The WHO has produced a range of radiology manuals 
for the developing world setting. The WHO Manual 
of Diagnostic Imaging: Radiographic Techniques and 
Projections provides a very clear explanation of how 
to use the equipment, even for those with no formal 
training in radiography. Operators can be trained in a 
matter of months. This and other useful information is 
available from the Diagnostic Imaging for Clinics and 
Small Hospitals website (www.dicsh.info).

 O The proposed publication of the WHO Manual of 
Diagnostic Imaging: Paediatric Examinations has unfor-
tunately been severely delayed. 

 O Donations of old but functional radiographic equipment 
by well- resourced countries, although laudable, are often 
worthless. Bulky outdated equipment often cannot be 
installed, operated or maintained locally. The service 
manuals are often missing, obtaining spare parts is 
a major problem, and many of these machines break 
down irreparably. 

 O Portable X- ray equipment typically requires reliable 
power sources and expert radiography, such that its 
use is only practicable in larger centres. 

A comprehensive list of the indications for diagnostic radi-
ography is too long to include here. Suffi ce it to say that all 
children with a serious pneumonia, suspected tuberculosis 
or fractured limbs, to name a few examples, merit radiog-
raphy. In practice, chest and skeletal examinations are the 
most frequent indications for diagnostic imaging world-
wide. Where resources are less stretched, radiographic 
machines with slit- beam technology could be considered. 
These units, such as the LODOX Statscan, are also fully 
digital, have suffi ciently low radiation doses to permit their 
use within a ward without special protective barriers, and 
offer fl exibility for those with little radiographic positioning 
skill. In addition, they provide rudimentary CT information 
which is useful for head trauma patients, at a fraction of 
the price of CT scanners. 

Diagnostic ultrasound scanning equipment
The wide range of applications of ultrasound in children 
and pregnant women, its versatility and its safety prob-
ably make it better suited to disadvantaged countries 
than any other imaging modality. Sonography is harm-
less – it does not generate ionising radiation, and is thus 
particularly suitable for imaging children, adolescent girls 
in particular, and pregnant women.

 O Ultrasound machines are simple to operate, but the 
images are also easy to misinterpret. It is therefore 
critically important that the person performing and 
interpreting an ultrasound study is suitably trained 
and competent. Sonography must be taught on a 
supervised practical basis in a local environment. 
The WHO recommends a 6- month minimum training 
period for diagnostic sonography.

 O Initiatives such as that by Imaging the World (http://
imagingtheworld.org) allow for alternative basic sono-
graphic training to be shortened to as little as a few 
days. Reliance instead is placed on transmission of 
images over the Internet to a secure server, from which 
the images can be accessed and read anywhere in 
the world. 
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The WHO recommends minimum specifications for a 
general- purpose ultrasound scanner. 

 O The scanner should be able to operate from the local 
electrical power supply. 

 O Servicing should be available locally. 
 O It must be possible to store the unit safely under adverse 

conditions.
 O When scanning children, at least two different MHz 

transducers (sector and linear array) are desirable.
 O Doppler techniques are included on all modern ultra-

sound equipment, such that exclusion of a deep venous 
thrombosis, for example, should be possible. 

 O Some form of archived permanent hard- copy record is 
recommended for patient follow- up, and in the interests 
of teaching and training in general.

Additional points
 O Mobile ultrasound scanners can be operated at the 

bedside or in the Emergency Department. 
 O Abdominal and pelvic ultrasound has a well- established 

role in the assessment of adolescent gynaecological 
conditions and paediatric emergencies. 

 O Sonography plays a major role in the management of 
pregnancy, from dating the age of the fetus to identifying 
multiple pregnancies, ascertaining the position of the 

placenta and generally identifying potential problems, 
thus allowing the clinician to plan safe delivery.

 O Sonography can quite simply resolve mass lesions from 
organomegaly. 

 O It is noteworthy that hydronephrosis is the commonest 
abdominal mass in the neonate and infant, and this is 
easily diagnosed with ultrasound scanning.

 O Evaluation and drainage of pleural effusions or ascites 
is relatively straightforward, particularly with ultrasound 
guidance. 

 O Ultrasound scanning can be a useful tool for guid-
ing other interventions, such as drainage of larger 
abscesses or an image- guided biopsy of a solid mass. 

 O Alternatively, evaluation of solid mass lesions and cysts 
should at least be possible, to aid patient referral to 
larger regional centres.

 O Sonography of the infant brain is easily performed at the 
bedside, and can provide useful information in the infant 
who is febrile, unconscious or has seizures. 

 O In trauma patients, abdominal ultrasound scanning can 
prevent unnecessary surgery.

 O Finally, ultrasound studies frequently reduce the need for 
plain abdominal radiographs and yield more diagnostic 
information.

1.5 Essential operating- theatre resources

Design of the operating theatre (OT)
 O Ideally it should be located next to the labour ward.
 O It should be of adequate size (minimum 7 m × 7 m) for the 

placement of essential equipment and the unobstructed 
movement of staff. 

 O It should not be used for storing purposes, for which a 
separate side room should be available which can also 
be used for hand washing.

Essential equipment
 O Ordinary OT table with a facility for the lithotomy position 

and lowering and raising the height of the table, prefer-
ably mechanically operated.

 O A good focusing OT light is very important.
 O A simple anaesthetic machine suitable for the resources 

available in the country (e.g. Diamedica-Glostavent, 
for resource- limited countries), with an uninterrupted 
oxygen and nitrous oxide supply, is the most essential 
item of equipment for the anaesthetist. Reserve cylin-
ders for both oxygen and nitrous oxide should always 
be available. If nitrous oxide is not available, the patient 
can be maintained on ether or halothane, but the level 
of anaesthesia has to be deep, requiring more intensive 
post- operative monitoring.

 O The suction machine (which should have both electrical 
and manual functions, in case of electrical failure) should 

be periodically emptied and cleaned with antiseptic solu-
tion after every individual patient. It must be constantly 
checked.

 O A fumigation machine is essential for the sterilisation 
of the OT.

 O Anaesthetic equipment and supplies (see Section 1.22 
for a list of essentials). 

 O All emergency drugs (e.g. lignocaine, adrenaline, atro-
pine, sodium bicarbonate, 25% dextrose, morphine, 
etc.), with syringes, should be readily available in the 
OT (see Section 1.22).

 O A boiler is essential for sterilisation if an autoclaving facil-
ity is not available. A heater of some kind is also essential 
for warming up crystalloid infusions to be used during 
surgery to prevent hypothermia.

 O Monitoring equipment (see Section 1.22 for a list of 
essentials). 

 O Room heaters are essential, especially for surgery on 
infants. The OT temperature should be in the range 
28–32°C to prevent hypothermia in babies. Hot- water 
bottles can provide heat for infants and are inexpensive, 
but it is essential to be vigilant about safety. Radiant 
warmers, incubators and electric blankets are helpful 
if they are available. Equally, air conditioning is also 
required in hot countries to ensure appropriate working 
temperatures for patient and OT staff.

 O A cautery machine is useful for reducing blood loss 
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during surgery. An ordinary unipolar cautery will suffi ce 
for most procedures. A probe that has been heated 
with a Bunsen burner until it is red hot can provide 
thermocoagulation on touching the bleeding sites. This 
is a low- cost and effective method when a cautery 
machine is not available.

 O Adequate supply of linen, towels, gowns and gloves.
 O The minimum instruments required for minor surgery 

are as follows:
Artery forceps:
Mosquito 6
Kelly’s 6
Towel clips:
Bulldog 6
Scissors:
Metzenbaum 1
Mayo’s 1
Thumb forceps:
Tooth 1
Non- tooth 1
Intestinal clamps:
Non- crushing 2 (4)
Martin artery forceps 2
Right- angled forceps 1
Needle holders (paediatric) which can 
hold 3.5 to 5.0 sutures 2
Retractors:
Right- angled 2
Zerneys 2
Devers 2
Malleable 2
Suction tip 1
Eye goggles for protection of staff 
from splashing 3

Durbin (formally ECHO) (www.durbin.co.uk) provides 
complete instrument kits, which are particularly relevant 
for Caesarean section and laparotomy. 

 O A whiteboard and pens with which to document the use 
of swabs and needles, aiming to ensure that none are 
left in the patient when surgery ends.

Operating- theatre staff
Apart from the surgeon, an adequately trained doctor or 
nurse anaesthetist is essential.

 O Nursing staff should be adequately trained in the care 
and handling of instruments and equipment in the OT. 
They should be made responsible for the proper func-
tioning of all equipment, and trained in the sterilisation 
of the OT and the instruments used.

 O OT assistants are important for transporting patients 
to and from the ward. They should be aware of the 
function of the equipment in the OT. They should also 
be counselled about the hazards of contact with blood 
and other patient body fl uids, and especially made aware 
of the risks of infection with HIV and hepatitis B and C.

 O OT cleaners should also be aware of the threat of these 
communicable diseases. It is essential to clean the OT 
between one case and the next to prevent nosocomial 
infections.

Practices and procedures to reduce 
the risk of infection in the OT

 O The fl oors, walls, table and all equipment in the OT 
should be cleaned and disinfected at least once a day, 
and also after every case involving infection. 

 O Autoclaving is the standard method of sterilisation, but 
if it is not available, boiling for 1 hour should be used 
instead.

 O Spirit fl aming of all the instruments (whereby the instru-
ments are placed in a kidney tray, spirit is poured into 
the tray and a matchstick is used to fl ame it) can be 
undertaken where minimal equipment is available.

 O There must be restricted entry to the OT, and this 
should only be permitted after a complete change of 
clean clothes (except for underwear) and shoes, and 
with the wearing of a proper clean head covering and 
mask (these items should be used once only before 
discarding or washing). Hand and forearm washing for 
at least 5 minutes before gowning and gloving up, using 
an antiseptic soap solution, will reduce the incidence 
of infection.

 O The OT should be situated in the most inaccessible part 
of the hospital so that there is minimum encroachment 
by the general hospital patients.

 O Ideally there should be an air- purifying/air- conditioning 
system in the OT.

 O All tubing (suction, oxygen, anaesthetic) should be regu-
larly cleaned and disinfected according to the individual 
manufacturer’s instructions, in order to reduce the risk 
of nosocomial infection.

 O Proper waste disposal bins for clinical and non- clinical 
waste from the OT are essential.

Set- up of the recovery room
 O The recovery room should be adjacent to the OT so 

that the surgeon and the anaesthetist have immediate 
access to the patient.

 O Nursing care, oxygen, suction and emergency medi-
cines should be available, as should resuscitation and 
monitoring equipment (see Sections 1.12 and 1.13).

 O An adequately trained doctor or nurse anaesthe-
tist, who is proficient in resuscitative measures 
and critical care management, should be present 
whenever patients are in the recovery room. Frequent 
evaluation and monitoring of surgical patients should be 
undertaken during the fi rst 24 hours following a major 
operation. This should include observations/measure-
ments of hydration, urine output, output from drains, 
soakage from the wound, pulse, respiratory rate and 
blood pressure. Post- operative pain management is 
most important, and a relatively ‘pain- free’ patient has 
a better outcome (see Section 1.15). 

Further reading
Integrated Management for Emergency and Essential Surgical 

Care (IMEESC) toolkit: www.who.int/surgery/publications/
imeesc/en/index.html

World Federation of Societies of Anaesthesiologists (WFSA) 
Guide to Infrastructure, Supplies and Anesthesia Standards 
at Three Levels of Health Care Facility Infrastructure 
and Supplies: www.ncbi.nlm.nih.gov/pmc/articles/
PMC2957572/table/Tab1

Lifebox: www.lifebox.org
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1.6 Drug and fl uid administration 

Enteral fl uids 
 O The best method of maintaining caloric intake is through 

enteral feeding.
 O If the patient is unable to drink then pass a gastric tube 

(see Section 8.5). 

When commencing feed by naso-  or orogastric tube:
1 Fill the syringe to the required amount with feed.
2 Draw the plunger back as far as possible. 
3 Attach the syringe to the tube. 
4 Kink the tube and remove the plunger. 
5 Allow feed to pass into the stomach using gravity. 
6 Observe the patient’s colour and respiratory rate 

for any signs of aspiration.
 O Breast milk is the best food for infants. It is always available 

at the correct temperature, no preparation is required, 
and no sterilising equipment is involved. If the infant is 
too ill to suck and is fed through a gastric tube, encour-
age the mother to express milk into a sterile receptacle.

1 To encourage the release of milk and ease of 
expression, it may help if the mother expresses 
milk while holding the baby. 

2 Store excess milk in a in a refrigerator (<5°C) for 
up to 5 days or freezer (minus 20°C) for up to 
6 months.

3 Defrost the quantity needed for 4 hours of feeding 
at a time.

 O Oral rehydration solutions are used in gastroenteritis 
to maintain electrolyte balance. Prepare by adding 
1 sachet to 210 mL (7 oz) of clean water. (One ounce 
= 30 mL.)

Intravenous fl uids 
Intravenous (IV) fl uids must only be used when essential 
and enteral feeds are not available or not absorbed. Always 
check the container before use, to ensure that the seal is 
not broken, the expiry date has not been passed, and the 
solution is clear and free of visible particles.

Choice of crystalloid fl uid
Dextrose/gluose- only fl uids
It is clear that although glucose or dextrose is necessary to 
prevent or manage hypoglycaemia, fl uids containing only 
dextrose which are hypotonic should never be used for IV 

fl uid replacement or maintenance, or for the emergency 
management of shock. 

This is because the dextrose is rapidly metabolised, so 
the effect of a dextrose- only IV fl uid on the child’s body in 
shock may produce hyponatraemia, which could lead to 
brain damage or death. In addition, this solution is rapidly 
moved out of the circulation and into the cells, and the state 
of shock will not be resolved.

Sodium- containing fl uids
The fl uid traditionally infused into the circulation for the 
management of shock has been normal saline (0.9% NaCl). 
This fl uid has increasingly been shown to be dangerous, 
especially in the sick patient. An infusion of normal saline 
causes a hyperchloraemic acidosis (a high chloride concen-
tration leading to acidosis) which, in the shocked patient, 
who is already acidotic, causes a deterioration in the health 
of cells in vital organs even though perfusion of the cells 
has been improved by the increased circulating volume.

There are sodium- containing alternatives to normal 
saline which are safer because they approximate more 
closely to human serum/plasma in content (see Table 1.6.1), 
although they are slightly more expensive. We recommend 
the use of either of these alternatives – Ringer- lactate and 
Hartmann’s solution, which are widely available – for all 
fl uid replacement. Hospitals are advised to change their 
standard crystalloid from 0.9% (‘normal’) saline to Ringer- 
lactate or Hartmann’s solution as soon as possible. Not all 
hospitals will have access to these solutions immediately, 
so there may sometimes be no alternative but to start fl uid 
replacement with normal saline. However, if more than 
20 mL/kg needs to be given, one of the safer alternatives 
should be used in very sick children if at all possible.

Putting dextrose into Ringer- lactate or 
Hartmann’s solution
A crystalloid containing approximately 5% dextrose can be 
obtained by adding 50 mL of 50% dextrose to a 500- mL 
bag of Ringer- lactate or Hartmann’s solution.

A crystalloid containing approximately 10% dextrose 
can be obtained by adding 100 mL of 50% dextrose to 
a 500- mL bag of Ringer- lactate or Hartmann’s solution. 

(It will therefore be necessary to remove 50–100 mL of 
fl uid from the 500- mL bag fi rst.)

Ensure that the above process is performed with a 

TABLE 1.6.1 Comparison of electrolytes, osmolality and pH levels in IV fl uids with those in human serum

Fluid Na+

(mmol/L)
K+

(mmol/L)
Cl–

(mmol/L)
Ca2+

(mmol/L)
Lactate or 
bicarbonate (mmol/L)

Osmolarity 
(mOsmol/L)

pH

Human serum 135–145 3.5–5.5 98–106 2.2–2.6 22–30 276–295 7.35–7.45

Ringer- lactate/
Hartmann’s solution

131 5.0 111 2.0 29 279 6.0

0.9% normal saline 154 0 154 0 0 310 5.4
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sterile no- touch technique, swabbing the entry point to the 
bag with an alcohol swab.

Dextrose/glucose solutions that are not in Ringer- 
lactate or Hartmann’s solution are dangerous for 
replacing fl uid losses.

Never infuse plain water IV: this causes haemolysis and 
will be fatal.

Always specify the concentrations of dextrose and 
saline solution to be infused.

Maintenance requirement of electrolytes
Daily sodium and potassium requirements in IV fl uids:

 O sodium (Na+): 3–4 mmol/kg/24 hours in children; 
150 mmol/24 hours in pregnancy

 O potassium (K+): 2–3 mmol/kg/24 hours in children; 
100 mmol/24 hours in pregnancy.

Crystalloids containing a similar concentration of sodium 
to plasma (Ringer- lactate or Hartmann’s solution) are used 
to replace vascular compartment losses. When infused IV, 
only around 25% remains inside the vascular compartment; 
the rest passes into the extracellular space.

All fl uids should be prepared and administered using an 
aseptic technique. It is important to observe the cannula site 
directly (by removing the dressing) for redness and swelling 
before each IV injection. Observe the patient for pain or 
discomfort at the IV site. If there are any signs of infl am-
mation, stop all fl uids, reassess the need for continuing IV 
fl uid drugs, and resite the cannula if necessary.

The rate of administration of fl uids can be calculated 
in drops per minute as follows: 

In a standard giving set with a drop factor of 20 drops 
= 1 mL, then mL/hour divided by 3 = drops/minute.

 O Record that rate of fl uid intake per hour on a fl uid bal-
ance chart.

 O Ensure that the IV site is kept clean.
 O Flush the cannula with 0.9% saline or Ringer- lactate 

or Hartmann’s solution 4- hourly if continuous fl uids are 
not being given.

Prescribing practice and minimising 
drug errors
Introduction

 O Oral administration is safer and less expensive, if it is 
tolerated and if the condition is not life- threatening. 

 O The following antibiotics are as effective when given 
orally as when administered intravenously, although 
initial IV doses will increase the blood levels more quickly: 

 — amoxicillin, ampicillin, chloramphenicol, ciprofl oxacin, 
co- trimoxazole, erythromycin, fl ucloxacillin, fl ucona-
zole, metronidazole, sodium fusidate. 

 O If a drug is given down an orogastric or nasogastric tube, 
fl ush the tube through afterwards so that the drug does 
not remain in the tube.

 O Rectally administered drugs are less reliably absorbed 
than those given orally. 

 O Liquid formulations are better than suppositories for 
rectal administration of drugs in infants. 

Prescribing
 O Use approved names. 
 O Dosages should be in grams (g), milligrams (mg) or 

micrograms. Always write micrograms in full. Volumes 
should be in millilitres (mL). 

 O Avoid using numbers with decimal points if at all pos-
sible (e.g. write 500 mg, not 0.5 g). If decimal points are 
used, they should be preceded by a zero (e.g. write 
0.5 mL, not .5 mL). 

 O Write times using the 24- hour clock. 
 O Routes of administration can be abbreviated to IV 

(intravenous), IM (intramuscular), PO (orally), SC (sub-
cutaneous), NEB (nebuliser) and PR (rectally).

 O ‘As- required’ prescriptions must be specifi c with regard 
to how much, how often and for what purpose the drug 
is being given (also indicate the maximum 24- hour dose). 

 O ‘Stop dates’ for short- course treatments should be 
recorded when the drug is fi rst prescribed. 

Measuring drug doses
 O Multiple sampling from drug vials increases the risk of 

introducing infection, as the vials do not contain pre-
servatives or antiseptic.

 O Dilute drugs so that volumes can accurately be meas-
ured. For example do not use doses of less than 0.1 mL 
for a 1- mL syringe without diluting suffi ciently for you to 
be able to give an accurate amount of the drug.

 O Do not forget to consider the dead space in the hub of 
the syringe for small volumes.

 O For dilutions of more than 10- fold, use a small syringe to 
inject the active drug, connected by a sterile three- way 
tap to a larger syringe, and then add diluent to the large 
syringe to obtain the desired volume. 

Delivery
 O All IV solutions, including drugs, must be given aseptically.
 O Give IV drugs slowly in all cases. 
 O After injecting into the line (e.g. through a three- way tap), 

use the usual rate of the IV infusion to drive the drug 
slowly into the patient. 

 O If there is no ongoing infusion, give suffi cient follow- up 
(fl ush) of 0.9% saline, Ringer- lactate or Hartmann’s solu-
tion or 5% dextrose to clear the drug from the cannula 
or T- piece. 

 O Repeat flushes of 0.9% saline can result in excess 
sodium intake in infants, so use Ringer- lactate or 
Hartmann’s solution if possible.

 O Flush over a period of 2 minutes to avoid a sudden surge 
of drug (remember the hub).

Infusions
 O These must be given aseptically.
 O Adjust the total 24- hour IV fl uid intake so that additional 

infusions for drugs do not alter the total fl uid volume.
 O Never put more drug or background IV into the syringe 

or burette than is needed over a defi ned period of time.
 O Check and chart the rate of infusion, and confi rm this 

by examining the amount left every hour.
 O Use a cannula, not butterfl y needles, for infusions if 

available.
 O Do not mix incompatible fl uids IV.
 O Do not add drugs to any line containing blood or blood 

products.
 O Infusions of glucose higher than 10%, calcium salts 

and adrenaline, can cause tissue damage if they leak 
outside the vein. 

 O Most IV drugs can be given into an infusion containing 
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0.9% saline, Ringer- lactate or Hartmann’s solution or 
up to 10% glucose (the exceptions include phenytoin 
and erythromycin).

 O If you are using only one line, wait 10 minutes between 
each drug infused, or separate the drugs by infusing 1 mL 
of 0.9% saline or Ringer- lactate or Hartmann’s solution.

Safe IV infusions when no burettes are 
available
Mark the infusion bottle with tape for each hour of fl uid to 
be given, and label each hour.

or
Empty the infusion bottle until only the exact amount of 

fl uid to be given is left in the bottle.

Intravenous lines
Placement of the line

 O Always place the cannula aseptically and keep the site 
clean. 

 O Use sterile bungs, not syringes, for closing off cannula/
butterfl y needles between IV injections.

Care of the line
 O Change the giving set every 3 or 4 days. 
 O Change the giving set after blood transfusion, or if a 

column of blood has entered the infusion tubing from 
the vein, as this will be a site of potential bacterial 
colonisation. 

 O Always inspect the site of the cannula tip before and 
during drug injection. Never give a drug into a drip that 
has started to tissue. Severe scarring can occur, for 
example, from calcium solutions. 

 O Always use luer lock connections to minimise 
extravasation. 

Sampling from the line
 O Clear the dead space fi rst (by three times its volume).
 O Glucose levels cannot be accurately measured from any 

line through which a glucose solution is infused. 
 O Blood cultures should always be taken from a separate 

fresh venous needle or stab sample.
 O After sampling, fl ush the line. Remember that repeat 

fl ushes of 0.9% saline can result in excess sodium 
intake in infants. 

Complications
Infection 

 O Local infection can become systemic, especially in 
neonates or the immunosuppressed (e.g. HIV- infected 
patients). 

 O If there is erythema in the tissue, remove the cannula. 
 O If lymphangitis is present, remove the cannula, take a 

blood culture from a separate vein and start IV antibiotics. 

Air embolism 
 O Umbilical or other central venous lines are particularly 

high risk.
 O Another source of air embolus is through the giving 

set, especially when infusion pumps are used. Infusion 
pumps must not be used if there are not enough nurses 
to closely monitor the infusion.

 O Always use a tap or syringe on the catheter, especially 
during insertion.

 O If air reaches the heart it can block the circulation and 
cause death.

Haemorrhage 
 O In neonates this can occur from the umbilical stump.
 O All connections must be luer locked. 
 O The connections to the cannula and its entry must be 

visualised at all times.

Minimising errors with IV infusions
 O Prescribe or change infusion rates as infrequently as 

possible. 
 O Always have the minimum possible number of IV infu-

sions running at the same time.
 O Use a burette in which no more than the prescribed vol-

ume is present (especially in infants and young children, 
or with drugs such as quinine or magnesium sulphate 
in pregnancy). 

 O Record hourly the amount given (from the burette, 
syringe or infusion bag) and the amount left. 

 O Check the infusion site hourly to ensure that fl uid has 
not leaked outside the vein. 

 O Ensure that fl ushes are only used if they are essential, 
and are given slowly over a period of at least 2 minutes. 

 O Be careful with potassium solutions given IV (use the 
enteral route when possible).

 O Check and double check the following: 
 — Is it the right drug? Check the ampoule as well as 
the box. 

 — Is it at the right concentration? 
 — Is the shelf life within the expiry date? 
 — Has the drug been constituted and diluted correctly? 
 — Is it being given to the right patient? 
 — Is the dose correct? (Ideally two healthcare workers 
should check the prescription chart.)

 — Is it the correct syringe? (Deal with one patient at 
a time.) 

 — Is the IV line patent? 
 — Is a separate fl ush needed? If so, has the fl ush been 
checked? 

 — Are sharps disposed of (including glass ampoules)? 
 — Has it been signed off as completed (ideally 
countersigned)? 

 — If the drug has not been received, is the reason 
stated?

Intramuscular (IM) injections
 O IM injections are unsafe for patients in shock, especially 

opiates, where a high dose can be released once recov-
ery of the circulation occurs. 

 O To avoid nerve damage, only the anterior aspect of the 
quadriceps muscle in the thigh is safe in infants. 

 O Use alternate legs if multiple injections are needed.
 O Do not give IM injections if a bleeding tendency is 

present. 
 O Draw back the plunger to ensure that the needle is 

not in a vein before injecting (especially if administering 
adrenaline or lidocaine).

In very resource- limited situations, the IM route might be 
preferred because the drug may reach the patient sooner 
than if the patient had to wait in a queue to have an IV line 
sited. It also requires less nursing time and is less expensive; 
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venous cannulae are often in short supply. The IM route is 
as effective as the IV route in many situations.

Storage of drugs
Hospitals have struggled for many years to ensure that 
appropriate medicines are available when needed, while 
at the same time avoiding the problems of controlling the 
abuse and illegal use of these substances. Medicines 
that are of most concern in this respect are narcotics and 
sedatives. Supplies of these drugs must be available for the 
treatment of acutely ill patients, at the point of admission, in 
high- dependency care and post- surgical areas, and in all 
areas involved in the care of patients with terminal illness. 
Tragically, many care settings have solved the problem of 
storage by refusing to have stocks of these drugs readily 
available, either in the belief that patients, especially chil-
dren, due to their physiological immaturity, do not feel pain, 
or due to fear of abuse by the patients and their families 
or healthcare staff.

The responsibility for the safe custody and storage of 
all medicines and drugs on a ward or department is that of 
the nurse in charge at any one time. Designated cupboards 
for the different types of drugs should be available. All cup-
boards, which should be permanently fi xed to an inside wall, 
should have secure locks that make them inaccessible to 
unauthorised staff and visitors. Drug cupboards should be 
kept locked at all times, the keys being the responsibility 
of the nurse in charge. 

Correct storage of drugs is paramount for prolonging 
the shelf life of the drug, as well as for complying with safety 
and legal requirements. 

Due to the shelf life of some drugs, they need to be 
stored in a refrigerator, with the temperature set to store 
the drugs at between 2°C and 8°C. Drugs that need to be 
stored under these conditions include the following: 

 O reconstituted oral antibiotics
 O eye drops
 O rectal paracetamol
 O some vaccines
 O insulin (although this can be stored for up to 1 month 

at room temperature)
 O oral midazolam
 O pancuronium/vancuronium
 O ergometrine
 O oxytocin.

Calculating and giving the correct dose 
Children should be weighed naked and their weight (in 
kg) recorded on the prescription chart. The use of a drug 
formulary should be considered when calculating the thera-
peutic dose. To ensure that the correct amount of drug is 
given from the stock bottle or vial, the following calculation 
should be used:

(prescribed dose divided by concentration of the 
stock solution) × (volume of stock dose).

For example, 125 mg (the amount prescribed) divided 
by 250 mg/5 mL (concentration of the stock solution) 

× 5 mL (volume of stock dose)
= 125/250 × 5 mL = 2.5 mL.

So the amount given would be 2.5 mL.
Medical staff should change the prescribed dose if after 

using the above calculation the dose is not easily measur-
able (e.g. 1.33 mL, 2.46 mL). To ensure that the calculated 
dose is given accurately, a pre- marked syringe should 
be used. The smaller the required dose, the smaller the 
syringe that should be used, as it will give a more accurate 
measurement (i.e. a 1-  or 2- mL syringe should be used, 
not a 10- mL syringe). 

Other forms of measurement can be used for larger 
doses, such as 5 or 10 mL. These include a pre- measured 
medicine pot or a 5- mL pre- measured medicine spoon. For 
safety, the calculation should ideally be done by two trained 
nurses, and the amount dispensed checked by the same 
two nurses. Although it is recognised in some hospitals that 
one trained nurse can check oral medication on their own, 
ideally IV and IM drugs should be checked by two trained 
nurses or a nurse and a doctor.

Safe use of morphine in hospital
Narcotic drugs, which may be controlled by law within 
the country concerned, should have a separate cupboard 
permanently fi xed to the wall and locked. The keys to drug 
cupboards should be kept separately to all other keys and 
be carried by a qualifi ed nurse for the period of each shift, 
and then handed over to the nurse taking over the next shift. 

A logbook is necessary for recording the ordering and 
use of narcotic drugs. It is completed to order stocks, using 
one page for each order. It also records the use of each 
ampoule, tablet or dose of liquid. The name of the patient, 
hospital identifi cation, date and time when the drug was 
given, and whether or not any portion of the drug was 
discarded is entered in the register (see Figure 1.6.1). Then 
each entry is signed by two staff members. Ideally, both 
must hold a nursing, medical or pharmacology qualifi ca-
tion, and one must be a member of the ward or unit staff. 

In addition, two members of unit staff must check 
the stock levels once in every 24- hour period and sign to 
confi rm that the stocks are correct. Any discrepancy must 
be reported immediately to the senior nurse manager for 
the hospital. 

Each hospital should have a policy for dealing with 
unauthorised use of narcotic drugs, and in some countries 
this will involve national law enforcement agencies.

When new drug stocks are required, the order book 
is sent to the central pharmacy, ideally in a container with 
a tamper- proof seal. Once the pharmacist has placed the 
order in the container, it is sealed and must not be opened 
until its arrival in the receiving ward or department.

When the stock arrives in the unit, the seal is broken 
in the presence of the messenger and the contents are 
checked against the order book, which is then signed by 
both. Drugs are then entered in the drug register, with two 
staff members checking and signing. The drugs are placed 
in the appropriate cupboard, which is then relocked.

In most hospital wards and units, these precautions 
will both ensure that adequate narcotic drugs are available 
when they are needed by patients, and prevent provision 
of supplies to those who may abuse them.

Use of morphine
 O Morphine is a safe drug if administered by doctors and 

nurses who know how to use it and how to monitor 
patients who have been given it. It is not addictive if 
used only in the short term for severe pain.
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 O It is not diffi cult to use, but because it is a controlled 
drug it requires special procedures to ensure its security.

 O It is relatively inexpensive.
 O It is a powerful and effective drug that is recommended 

by the WHO as the fi rst- line medication for the treatment 
and prevention of severe pain.

Special procedures required to ensure the 
secure and appropriate use of morphine
1 Morphine must be stored in a secure locked box 

attached to the wall of each ward/area where it might 
be needed.

2 The box must always contain suffi cient quantities for 
any anticipated clinical need.

3 The keys to the box must be readily available to staff who 
are caring for patients, and held by the senior person 
on the ward 24 hours a day.

4 A logbook recording every individual dose given and the 
name of the patient to whom it was administered must 
be signed by two members of staff.

5 Any unused morphine must be safely disposed of.
6 Every vial must be accounted for and the vials counted 

to check that the number tallies with the logbook at the 
beginning of each shift.

Morphine is usually available in 1-  or 2- mL ampoules at 
a concentration of 10 mg/mL. Always check the strength.

The dose is 10 mg IV for pregnant women (5 mg initially 
and then another 5 mg after 5 minutes if necessary).

The dose is 200 micrograms/kg IV for children 
(100 micrograms/kg initially and then another 100 micro-
grams/kg after 15 minutes if necessary). Two people must 
check the calculation.

The volume is small, so dilute with 0.9% saline or 5% 
dextrose up to 10 mL.

Check the dilution.
The prescription of morphine must be clearly written, 

dated and signed (do not use fractions for doses).
The antidote, naloxone, must also be kept in the secure 

box.
The patient’s notes must record the prescription and 

use of morphine.
All patients who are receiving morphine need regular 

monitoring and charting of ABC in particular:
 O respiratory rate
 O blood pressure
 O oxygen saturation
 O AVPU score.

Oxygen and a bag- valve-mask system of appropriate size 
must be available near to every patient who is receiving 
morphine.

An example of a page of a controlled drugs record 
book, such as would be used for morphine, is shown in 
Figure 1.6.1.

Summary
 O Morphine is an essential drug that must be used when 

severe pain is present or likely to occur.
 O To ensure its safe use, attention to the logistics of secure 

storage is of paramount importance.
 O Close monitoring of ABC and D (disability) is essential, 

and naloxone must be available at all times.
 O The prescribing and recording of doses of morphine and 

naloxone must be carefully undertaken.

FIGURE 1.6.1 Page of a controlled drugs record book.
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1.7 Safe blood transfusion practice

Introduction
Blood or blood products should be transfused only when 
they are needed to save life or to prevent major morbidity.

The risk of transmission of infection is a major concern 
in countries with limited resources and poorly organised 
blood transfusion services.

Blood must be stored safely, or a bank of adequately 
screened donors must be available 24 hours a day, espe-
cially for obstetric emergencies or major trauma.

When giving a blood transfusion, care must be taken to 
ensure that the blood is compatible with that of the recipient, 
is infection free and is given safely.

Clinical situations that require blood 
transfusion
Normal haemoglobin (Hb) levels (after the neonatal period) 
are around 129 g/L (12.9 g/dL). Children with severe anae-
mia have Hb levels of 50 g/L or less. An Hb level of 50 g/L is 
widely accepted as the level at which transfusion might be 
indicated, and less than 40 g/L if there is severe malnutrition. 
Note: g/L divided by 10 = g/dL. 

The WHO defi nes anaemia as any Hb level below 110 g/L. 
However, in pregnancy, normal haemodilution means that 
a cut- off value of less than 10 g/dL is more appropriate. In 
a pregnant woman, transfusion may be considered at an 
Hb level of 60–70 g/L, taking into account other factors.

In addition to Hb level, the following factors must be 
taken into account when considering transfusion.

 O Heart rate. If it is rapid, this will favour the decision to 
transfuse. Remember that normal values for heart rate 
and respiratory rate vary with the age of the child.

 O Respiration rate. If it is rapid, this will favour the deci-
sion to transfuse.

 O Is the patient grunting? If so, this will favour the deci-
sion to transfuse.

 O Is the patient already in circulatory collapse (shock)? 
If so the need for transfusion is very urgent.

Some patients will not show any of these features, and 
it might then be justifi able to delay transfusion and use 
haematinics (i.e. iron and folic acid). Some patients may 
show the above features and have an Hb level higher than 
50 g/L. It will also be necessary to transfuse such patients 
if their symptoms are caused or signifi cantly worsened by 
the anaemia and not an alternative pathology only (e.g. 
heart failure).

After birth, the haemoglobin level drops to less than 
100 g/L in term infants at 8–12 weeks of age, but in pre-
mature infants it can drop to 70–100 g/L even earlier, at 
6 weeks. (Oxygen delivery is well maintained because of 
rising levels of haemoglobin A, which releases oxygen more 
freely than haemoglobin F, which is found in the fetus.) 

Causes of anaemia in neonates
 O Hypovolaemic shock can result from acute blood loss, 

as for example in premature separation of the placenta 
or feto–maternal haemorrhage, twin- to- twin transfusion, 
and other causes of fetal or neonatal haemorrhage. 

 O Neonates may lose a considerable blood volume as a 
result of sampling for laboratory tests. Therefore samples 
should be minimised.

 O Reduce the need for transfusion in neonates by pro-
viding adequate antenatal care, to reduce the risks of 
premature delivery and when possible prevent nutritional 
anaemia in the mother. 

 O Encourage breastfeeding.
 O Ensure that there is early provision of vitamin K prophy-

laxis, iron, vitamins and other haematinics, especially in 
premature babies.

Causes of anaemia in children
These include the following:

 O surgery
 O haematological malignancies
 O malaria
 O sickle- cell disease
 O congenital haemolytic anaemias (thalassaemia, glucose- 

6- phosphate dehydrogenase defi ciency)
 O burns
 O major trauma.
 O malnutrition (see Section 5.10.B).

Causes of anaemia in pregnancy
These include the following:

 O obstetric emergencies such as antepartum and post-
partum haemorrhage

 O severe anaemia that is untreated or unresponsive to 
haematinics

 O major trauma.

Transfusion policies and guidelines
 O In hypovolaemic shock, erythrocyte- free volume 

expanders may be used to maintain tissue perfusion. 
Oxygen and top- up blood transfusion (10–20 mL/kg. 
over 5–10 minutes) may be required when tissue oxy-
genation is compromised.

 O Transfuse for anaemia only when there are clinical signs, 
such as tachycardia, tachypnoea, recurrent apnoea, 
failure to thrive or early signs of anaemia- induced heart 
failure. 

 O When possible, provide malaria prophylaxis, particularly 
in pregnant women and children (see Sections 2.8.D 
and 6.3.A.d) with sickle- cell disease. Early treatment of 
clinical malaria reduces the profound haemolysis that is 
a major reason for transfusion in endemic areas.

 O Anaemia due to malaria responds to treatment with 
antimalarial drugs and folic acid. 

 O Blood transfusion is not required for sickle- cell dis-
ease in the steady state. It may be indicated in severe 
anaemia with incipient or established cardiac failure, 
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acute splenic enlargement, sequestration crisis with 
rapidly falling haemoglobin levels, aplastic crisis, acute 
chest syndrome, stroke, and sometimes as exchange 
transfusion for severe priapism (see Section 5.11.B on 
sickle- cell disease).

 O National programmes for thalassaemia and other 
congenital haemolytic disorders, such as glucose- 6- 
phosphate dehydrogenase defi ciency, help to reduce 
transfusion requirements.

In situations where blood transfusion is unavailable or 
potentially unsafe, the following recommendations have 
been made:

 O Transfusion is not necessary if the Hb level is more 
than 50 g/L.

 O Transfusion may be necessary if the Hb level is less than 
50 g/L and there is incipient cardiorespiratory distress 
(air hunger, hypotension, tachycardia and oedema).

 O Transfusion may be necessary if the Hb level is less than 
40 g/L and complicated by malaria or bacterial infection, 
even without incipient cardiac failure.

 O Transfusion may be necessary if the Hb level is less than 
30 g/L, with no apparent complications.

In situations where blood transfusion is safe and available, 
recommendations for its use are as follows.

Neonates and infants less than 4 months old
 O Blood loss of more than 15% over 2 days.
 O Haemoglobin level of less than 70 g/L with clinical mani-

festations of anaemia.

Infants aged 4 months or older
 O Acute blood loss that is unresponsive to crystalloid and 

colloid infusions.
 O Intra- operative blood loss of more than 15% of total 

blood volume and post- operative haemoglobin level of 
less than 80 g/L with clinical symptoms.

 O Haemoglobin level of less than 110 g/L with severe 
pulmonary disease.

 O Acute haemolysis with haemoglobin level of less than 
80 g/L with signs of anaemia.

 O To suppress endogenous haemoglobin in sickle- cell 
disease crises and thalassaemic syndrome.

Red- cell- free components
 O Fresh frozen plasma (FFP) is only recommended when 

a specifi c haemostatic defect has been identifi ed. In 
the absence of specifi c testing, consider administering 
FFP to a patient with signs of disseminated intravas-
cular coagulation who is acutely unwell, as it may be 
life- saving.

 O Freeze- dried plasma is now available, and its advan-
tages include a long shelf life and the lack of need for 
refrigeration.

 O Platelets are prepared from fresh blood using a special, 
simple centrifugation method, and the remaining blood 
can be given back to the donor. Once extracted by 
this method, platelets can last for up to 5 days at room 
temperature (around 23°C). Platelets should not be 
stored in a refrigerator. Transfused platelets survive only 
briefl y, and repeated infusion may be required for active 
bleeding, or before essential procedures such as a lum-
bar puncture in a child with severe thrombocytopenia.

Blood donation and provision
 O Ideally blood is obtained by routine whole blood col-

lection from an established panel of blood donors with 
quality standards for testing, processing and distribution.

 O Most transfusions are required and given as an emer-
gency procedure. Ideally, emergency collection of blood 
for paediatric use should not be necessary (see below).

 O Safe transfusion is enhanced by the following measures:
 — collection of blood from repeat regular donors 
screened using a standard health- check question-
naire, and who are found negative for all markers for 
transfusion- transmissible infection 

 — collection in a multi- pack which allows each donation 
to be divided into small volumes, in a closed sterile 
system to reduce wastage and donor exposure

 — multiple, small- volume packs can be used for multiple 
transfusions in one child or neonate without having 
to repeat the pre- transfusion tests.

 O Group O rhesus- negative small- volume packs facili-
tate transfusion across the ABO barrier. They must 
be checked for high- titre anti- A or anti- B by a suitable 
antiglobulin method.

 O Establish a routine procedure for collection, testing and 
processing which should cover routine and emergency 
transfusions.

 O Maternal blood is not recommended for transfusing into 
the newborn infant, even in an emergency, although 
theoretically it can be used after compatibility testing 
with the recipient’s serum.

Pre- transfusion testing
Minimum acceptable tests on blood prior to 
transfusion
1 ABO and Rhesus D grouping.
2 Screening for hepatitis B antigen and antibodies to HIV- 1 

and - 2, hepatitis C virus and syphilis.
3 Additional tests for locally prevalent infections, such as 

malaria and Chagas disease.
 O 0.1–0.2 mL blood in an EDTA bottle is required for 

grouping, and 2 mL of clotted blood in a plain bottle 
for compatibility testing. 

 O In infants under 4 months of age, maternal blood 
testing for compatibility is always required: 4 mL of 
EDTA plus 5 mL of clotted blood. 

 O Blood group the neonate using a cord, capillary 
or small venous sample (2–3 drops and specifi c 
standard reagents Anti- A, Anti- B, Anti- A+B and 
Anti- RhD). Red cells only are used, because antibody 
levels in the sera of neonates are too low to be of 
signifi cant value.

 O The inclusion of control A, B, O, RhD- positive and 
RhD- negative cells in the procedure is part of good 
laboratory practice, and should be part of the test-
ing method. 

 O If possible, two methods should be used for group-
ing, to ensure reliability.

 O For neonates and infants up to 4 months of age, 
compatibility testing is not required if the mother’s 
serum is negative for allo- antibodies. Compatibility 
between the mother’s serum and red cells to be 
transfused is required only if the mother has anti-
bodies or if there is a previous history of haemolytic 
disease of the newborn.
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The most suitable method for compatibility is the anti- 
human globulin technique at 37°C for 1 hour. Agglutination 
should be read before and after the addition of the anti- 
human globulin reagent.

Blood groups 
There are four major blood groups: A, B, AB and O. To avoid 
ABO incompatibility, the blood group of both the donor and 
the receiver must be known. Blood can only be donated in 
the direction of the arrows shown in Figure 1.7.1.

FIGURE 1.7.1 Safe transfusion of ABO blood groups.

 O Donors with blood group O can donate to patients 
(receivers) with blood group A, B, AB or O.

 O Donors with blood group A can donate to patients with 
blood group A or AB.

 O Donors with blood group B can donate to patients with 
blood group B or AB.

 O Donors with blood group AB can donate only to patients 
with blood group AB.

Blood is also categorised according to its rhesus status. 
Therefore:

 O Rhesus- negative donors can give to Rhesus- positive 
and Rhesus- negative patients.

 O Rhesus- positive donors can only give to Rhesus- positive 
patients.

If the blood group is unknown and blood is required before 
a cross- match can be performed, give O- Rhesus- negative 
blood if this is available.

Exchange transfusion
 O This is used for haemolytic disease of the newborn with 

severe anaemia and/or severe hyperbilirubinaemia (see 
Section 3.4). Exchange of double the neonate’s blood 
volume is often required using 160–180 mL/kg of whole 
blood and/or plasma reduced red cells. The latter are 
prepared by removing approximately 100 mL of plasma 
to create a haematocrit of 0.5–0.6.

 O Patients with sickle- cell anaemia and acute chest syn-
drome or impending cerebrovascular episodes may 
benefi t from exchange transfusion (see Section 2.5.B).

 O Blood should be fresh (less than 5 days old), and also 
screened for HbS if it is issued for sickle- cell disease.

Use Rhesus- negative blood, group O or the same ABO 
group as the infant compatible with maternal and infant 
serum.

The blood should be warmed with a heating coil or 
stood for 1 hour at room temperature or under the mother’s 
clothing.

Exchange transfusion: indications and 
technique
Indications

 O Severe haemolytic anaemia: use double volume 
exchange. 

 O Severe hyperbilirubinaemia: use double volume 
exchange.

 O Polycythaemia: use partial exchange with Ringer- lactate 
or Hartmann’s or 0.9% saline (see Section 3.4).

Double volume exchange (mL) = 
2 × 80 × weight (kg).

80 × weight (kg) × (actual haematocrit – 
desired haematocrit)
actual haematocrit

Technique
1 Exchange transfusion should preferably be through 

umbilical or peripheral venous and arterial catheters so 
that simultaneous withdrawal and transfusion of blood/
volume occurs. If this is not possible, a single large- bore 
venous cannula may be used with a three- way tap to 
allow alternate withdrawing and transfusing of aliquots. 
An aseptic technique must be maintained.

2 Use a 5-  or 10- mL syringe to draw 5-  or 10- mL aliquots 
(depending on the baby’s weight) from the baby via the 
arterial line over a 3- minute cycle, and discard them. 
Simultaneously infuse 5-  or 10- mL aliquots through the 
venous line over a 3- minute cycle. 

3 The baby’s temperature, pulse, respiratory rate and 
blood pressure must be monitored as for transfusions, 
and in addition blood glucose levels must be monitored 
every 30 minutes.

4 Use a nasogastric tube to evacuate the stomach con-
tents, and keep the patient nil by mouth.

5 Use a separate IV line to administer dextrose solution 
to maintain blood glucose levels and hydration.

6 Check the baby’s haemoglobin, bilirubin, glucose and 
calcium levels at the beginning and end of the procedure. 

7 Check a blood fi lm, Coombs’ test, and if possible coagu-
lation and arterial or capillary blood gas at the beginning 
of the procedure.

Potential complications include hypoglycaemia, electrolyte 
disturbance, thrombocytopenia, coagulopathy, sepsis, air 
embolus, circulatory overload and gastrointestinal compli-
cations (e.g. acute dilation of stomach, intestinal ischaemia).

Bedside transfusion
A child’s body contains 80 mL of blood for every kg of body 
weight. For example, a 3- year- old weighing 12 kg will have 
960 mL of blood in their body.

A pregnant mother’s body contains 100 mL of blood for 
every kg of body weight.

 O Venous access for bedside transfusion should be cho-
sen with no smaller than a 22-  to 24- gauge vascular 
catheter, and a much larger one in pregnant mothers.

 O Blood is usually cleaned and fi ltered in the lab, so when 
transfusing it to a patient the only fi lter that needs to be 
used is the usual on- line fi lter in a standard giving set.

 O Blood should be treated like any other IV fl uid, and given 
using an accurate measurement of rate and time. A 
burette should be used for infants or in children for whom 
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too rapid an input could be dangerous (e.g. in incipient 
or actual heart failure).

Blood transfusion reactions
Blood transfusion can be life- saving and provides great 
clinical benefi t to many patients. However, it is not without 
risks, which include the following:

 O immunological complications
 O errors and ‘wrong blood’ episodes 
 O infections (bacterial and viral).

Causes of acute complications of 
transfusion
Acute haemolytic transfusion reaction

 O Incompatible transfused red cells react with the patient’s 
own anti- A or anti- B antibodies or other alloantibodies 
(e.g. anti- rhesus (Rh) D) to red cell antigens. Complement 
can be activated and may lead to disseminated intra-
vascular coagulation (DIC).

 O Infusion of ABO- incompatible blood is almost always a 
result of errors in labelling sample tubes and/or request 
forms, or inadequate checks at the time of transfusion. 
When red cells are mistakenly administered, there is 
about a 1 in 3 risk of ABO incompatibility and a 10% 
risk of mortality, with the most severe reaction seen in a 
group O individual receiving group A red cells.

 O Non- ABO red cell antibody haemolytic reactions tend 
to be less severe.

Infective shock
 O Bacterial contamination can be fatal.
 O Acute onset of tachycardia, low pulse pressure, hypoten-

sion, rigors and collapse rapidly follows the transfusion.

Transfusion- related acute lung injury (TRALI)
 O TRALI is a form of acute respiratory distress due to 

donor plasma containing antibodies against the patient’s 
leukocytes.

 O Transfusion is followed within 6 hours of transfusion by 
the development of a prominent non- productive cough, 
breathlessness, hypoxia and frothy sputum. Fever and 
rigors may be present.

 O Chest X- ray if available shows multiple perihilar nodules 
with infi ltration of the lower lung fi elds.

Fluid overload
 O This occurs when too much fl uid is transfused or it is 

transfused too quickly, leading to pulmonary oedema 
and acute respiratory failure.

 O Patients at particularly high risk are those with severe 
or chronic anaemia, or severe malnutrition and who 
have normal blood volumes (i.e. who are not bleeding), 
and those with symptoms of cardiac failure prior to 
transfusion.

 O These patients should receive packed cells rather 
than whole blood via slow transfusion, with diuretics 
if required.

Non- haemolytic febrile reactions to 
transfusion of platelets and red cells

 O Fevers (more than 1°C above baseline) and rigors may 
develop during transfusion due to the patient’s antibod-
ies to transfused white cells.

 O This type of reaction affects 1–2% of patients.
 O Multiparous women and those who have received mul-

tiple previous transfusions are most at risk. Reactions 
are unpleasant but not life- threatening. Usually symp-
toms develop towards the end of a transfusion or in 
the subsequent 2 hours. Most febrile reactions can be 
managed by slowing or stopping the transfusion and 
giving paracetamol.

Severe allergic reaction or anaphylaxis
 O Allergic reactions occur when patients have antibodies 

that react with proteins in transfused blood components.
 O Anaphylaxis occurs when an individual has previously 

been sensitised to an allergen present in the blood, and 
subsequently, on re- exposure, releases immunoglobulin 
E (IgE) or IgG antibodies. Patients with anaphylaxis 
become acutely dyspnoeic due to bronchospasm and 
laryngeal oedema, and may complain of chest pain, 
abdominal pain and nausea.

 O Urticaria and itching are common within minutes of 
starting a transfusion.

 O These symptoms are usually controlled by slowing the 
transfusion and giving antihistamine, and the transfu-
sion may be continued if there is no progression at 
30 minutes.

 O Pre- treatment with an antihistamine should be given if 
the patient has experienced repeated allergic reactions 
to transfusion.

 O For treatment of anaphylaxis, see Sections 2.7.C and 
5.1.B. 

Presentation
Symptoms or signs may occur after only 5–10 mL of transfu-
sion of incompatible blood, so patients should be observed 
very closely at the start of each blood unit transfused.

Symptoms
These include the following:

 O a feeling of apprehension or that ‘something is wrong’
 O fl ushing
 O chills
 O pain at the venepuncture site
 O muscle aches
 O nausea
 O pain in the abdomen, loins or chest
 O shortness of breath.

Signs
These include the following:

 O fever (a rise in temperature of 1.5°C or more) and rigors
 O hypotension or hypertension
 O tachycardia
 O respiratory distress
 O oozing from wounds or puncture sites
 O haemoglobinaemia
 O haemoglobinuria.

Investigations and management
 O If a serious acute transfusion reaction is suspected, stop 

the transfusion, take down the donor blood bag and giv-
ing set, and send the donor bag back to the blood bank 
with notifi cation of the event. Set up a new giving set 
with Ringer Lactate, Hartmann’s or 0.9% saline solution.

 O To detect a haemolytic reaction, send post- transfusion 
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blood (for full blood count and clotting, repeat typing and 
cross- matching, antibody screen and direct Coombs’ 
test) and a urine specimen (if available, for detection of 
urinary haemoglobinuria) from the transfusion recipient.

 O Where bacterial contamination is suspected, send blood 
cultures from the patient and also bag remnants.

 O If the patient is dyspnoeic, obtain a chest X- ray if possible 
and check for fl uid overload and pulmonary oedema.

TABLE 1.7.1 Investigations for blood transfusion reactions

Type of reaction Investigation fi ndings

Acute haemolytic 
reactions

 O Visual inspection of centrifuged plasma: pink- red discoloration (haemoglobinaemia) indicates 
signifi cant intravascular haemolysis

 O Visual inspection of centrifuged urine: red discoloration indicates haemoglobinuria
 O Retyping of donor and recipient red blood cells (RBCs): any discrepancy suggests that the 

transfusion has been mismatched and blood samples have been mixed up
 O Direct antiglobulin (‘Coombs’) test (DAT): ABO- related acute transfusion reactions usually cause a 

positive DAT test
 O Evidence of increased RBC destruction (e.g. a fall in haemoglobin and/or rise in bilirubin levels)
 O There may be evidence of DIC
 O Negative blood cultures

Febrile non- haemolytic 
reactions

 O Visual inspection of the recipient’s plasma and urine is normal
 O Retyping shows no incompatibility
 O DAT test is negative 

Allergic and anaphylactic 
reactions

 O Urticaria, itching and dyspnoea (for symptoms and signs of anaphylaxis, see Section 2.7.C)

TRALI  O Pulse oximeter shows hypoxaemia
 O Chest X- ray (if available) shows bilateral lung infi ltrates
 O Full blood count frequently shows low white blood cell count and high eosinophil count

Transfusion- transmitted 
bacterial infection

 O Blood cultures are positive and congruent for both donor and recipient blood

Management
 O Where the only feature is a rise in temperature of less 

than 1.5°C from baseline, or urticaria, recheck that the 
correct blood is being transfused, give paracetamol and 
antihistamine, reset the transfusion at a slower rate and 
observe the patient more frequently. 

 O Although fever or rigors are not uncommon in response 
to a transfusion and may represent a non- haemolytic 
febrile reaction, they may also be the fi rst sign of a severe 
adverse reaction.

 O Where the reaction is more severe: 
 — Stop the transfusion and call a doctor urgently to 
review the patient.

 — Vital signs (temperature, blood pressure, pulse, 
respiratory rate and oxygen saturation levels) and 
respiratory status (dyspnoea, tachypnoea, wheeze 
and cyanosis) should be checked and recorded. 
Look for signs of heart failure (basal lung crepitations 
and enlarged liver).

 — Check the patient’s identity and recheck against 
details on the blood unit and compatibility label or tag.

 O Initial management if ABO incompatibility is suspected 
is as follows: 

 — Take down the blood bag and the giving set with 
blood in it.

 — Keep the IV line open with Ringer- lactate or 
Hartmann’s solution.

 — Give oxygen and fl uid support.
 — Monitor urine output, usually following catheterisa-
tion, and maintain it at more than 2 mL/kg/hour in 
infants, > 1 mL/kg/hour in children and > 30 mL/hour 
in pregnancy, giving furosemide if it falls below this.

 — Consider inotropic support if hypotension is 
prolonged.

 — Treat DIC by giving fresh new blood fully matched 
to the recipient.

 — Inform the hospital transfusion department 
immediately.

 O If another haemolytic reaction or bacterial infection 
of blood unit is suspected: 

 — Send haematological and microbiological samples 
for investigations as outlined above.

 — General supportive management is as for ABO 
incompatibility.

 — Start broad- spectrum IV antibiotics if bacterial infec-
tion is considered likely. 

 O If anaphylaxis or severe allergic reaction is suspected: 
 — Follow the anaphylaxis protocols for women and 
children (see Section 2.7.C and Section 5.1.B). 

 O If TRALI is suspected: 
 — Give high- concentration oxygen, IV fl uids and ino-
tropes (as for acute respiratory distress syndrome).

 — Ventilation may be urgently required; discuss this with 
an anaesthetist.

TRALI improves within 2–4 days in over 80% of cases if 
there is adequate management and respiratory support.

 O If fl uid overload is suspected: 
 — Give IV furosemide and high- concentration oxygen.

Delayed complications of transfusion
Delayed haemolysis of transfused red cells

 O In those who have previously been immunised to a red 
cell antigen during pregnancy or by transfusion, the level 
of antibody to the blood group antigen may be so low 
as to be undetectable in the pre- transfusion sample.

 O However, after transfusion of red cells bearing that 
antigen, a rapid secondary immune response raises the 
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antibody level dramatically, leading to the rapid destruc-
tion of transfused cells.

 O At 5–10 days post- transfusion, patients present with fever, 
falling haemoglobin levels (or an unexpectedly poor rise 
in haemoglobin levels), jaundice and haemoglobinuria.

 O A rise in bilirubin levels and positive direct antiglobulin 
test (DAT) will also be present.

Development of antibodies to red cells in the 
patient’s plasma (alloimmunisation)

 O Transfusion of red cells of a different phenotype to that 
of the patient will cause alloimmunisation (e.g. develop-
ment of anti- RhD in RhD- negative patients who have 
received RhD- positive cells).

 O This is dangerous if the patient later receives a red cell 
transfusion, and can cause haemolytic disease of the 
newborn (HDN).

Iron overload
 O Each unit of blood contains 250 mg of iron, and those 

receiving red cells over a long period of time may develop 
iron accumulation in cardiac and liver tissues.

 O Chelation therapy (with desferrioxamine) is used to 
minimise iron accumulation in those most at risk.

Infection
 O The risk of becoming infected with HIV, hepatitis B or 

hepatitis C from transfusion is now small. However, 
since there is always the potential for unrecognised or 
unknown infection to be spread via transfusion, all non- 
essential transfusions should be avoided.

 O Blood must be stored at the correct temperature at 
all times (at 1–6°C for up to 35 days if using citrate- 
phosphate- dextrose adenine anticoagulant or up to 
21 days if using citrate- phosphate- double dextrose). 
Ideally each blood bag should be labelled with a 
temperature- sensitive strip that changes colour when 

the correct temperature for storage has been exceeded 
for a clinically signifi cant period of time. 

Improving safety
Reducing transfusion errors

 O Introduce robust hospital transfusion protocols.
 O Provide training for all staff involved in blood administra-

tion/taking samples for cross- matching.
 O An understanding of transfusion medicine should be 

a core curricular component for all doctors in training.
 O Improved information technology, such as use of a 

unique barcode on the patient’s wristband/blood sample 
and prepared blood, is important.

 O Appoint specialist transfusion practitioners.

Reducing unnecessary transfusion
 O Transfusion risks related to the use of allogeneic blood 

can be eliminated by the use of autologous blood 
(whereby patients collect and store their own blood 
for use in planned surgery). However, this practice is 
not risk- free.

 O Ensure that blood products are only used when the 
patient is judged more likely to benefi t from than be 
harmed by a transfusion.

 O Always record in the patient’s notes the indication for 
giving blood.

 O Adopt procedures such as checking for and correcting 
anaemia prior to planned surgery, stopping anticoagu-
lants and antiplatelet drugs before surgery, minimising 
the amount of blood taken for laboratory samples, and 
using a simple protocol to guide when haemoglobin 
should be checked and when red cells should be 
transfused.

 O Accept a lower haemoglobin concentration as a trigger 
for transfusion. 

 O Accept a lower post- transfusion target haemoglobin 
level.

1.8 Essential laboratory services 

Basic services provided in the 
laboratory and on the ward
Whenever possible, the regional or central laboratory 
should procure the chemicals, prepare the reagents and 
standards, and distribute them with the necessary controls 
and approved testing procedure to district laboratories. 
Details on how to prepare the required reagents, standards 
and controls can be found in the 1995 WHO publication 
Production of Basic Diagnostic Laboratory Reagents.1

For all small hospitals, the WHO recommends six basic 
investigations as an absolute minimum:

 O haemoglobin or packed cell volume
 O blood smear for malaria
 O blood glucose levels
 O microscopy of cerebrospinal fl uid (CSF) and urine

 O blood grouping and cross- matching
 O for newborn care, blood bilirubin levels.

Tests that can be performed on the 
wards
These include the following:

 O blood grouping
 O rapid diagnostic test for Plasmodium falciparum (or 

urgent thick blood fi lm for malarial parasites)
 O urine microscopy (see Sections 5.6.A and 8.5)
 O HIV rapid screening test
 O HBsAg screening test
 O ‘hot stool’ examination (for Entamoeba histolytica)
 O rapid haemoglobin (WHO paper- based method)
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 O CSF/gland/chancre aspirate/wet preparation for 
trypanosomes.

Tests to be performed in the laboratory
These include the following:

 O thick and thin blood fi lms for malaria and/or rapid diag-
nostic test for Plasmodium falciparum 

 O smears for Leishmania amastigotes
 O rapid rk39 Ab test for Leishmania antibodies
 O Ziehl–Neelsen sputum smears for TB
 O Ziehl–Neelsen slit skin smears for leprosy
 O Gram- stained smears
 O haemoglobin estimation and platelets
 O total and differential white cell count
 O erythrocyte sedimentation rate (ESR)
 O sickle- cell test
 O HIV and hepatitis screening tests
 O blood grouping and cross- matching
 O urine deposits
 O formol- ethyl acetate concentration and Kato- Katz thick 

smears for stool parasites.

Essential equipment
A functioning microscope is essential, and also saves time 
and therefore salary costs. Ideally a binocular instrument 
should be available, with × 10 eyepieces and × 10, × 40 
and × 100 (oil immersion) objectives with integral illumina-
tion. LED light sources and options for using solar- powered 
batteries are now available.

A robust bench- top centrifuge is also needed. Ensure 
that lidded conical tubes (15 mL) can be used, and that 
there is an inner safety lid. A built- in timer and variable rotor 
speed are also desirable.

Haematological investigations
Haemoglobin

 O Haemoglobin colour scale (WHO) fi lter paper ‘match-
ing method’ (visual comparative technique): simple, 
cheap and portable, but is not suitable for use with 
artifi cial light. Available from WHO, Geneva.

 O Haemoglobinometer (BMS) visual comparator method: 
a useful method for testing small numbers of sample. 
No dilution or measurement of sample is required, and 
standard is included. Available from Cascade HealthCare 
Products Inc., USA (www.1cascade.com).

 O DHT Hb523 haemoglobinometer: portable, battery- 
operated and requires 0.04% ammonia. Suitable when 
multiple investigations are required (www.haemoglo
binometer.co.uk).

 O Microhaematocrit centrifugation: if no other method 
is available this can be used for estimation. Note that 
there may be raised values caused by plasma loss (e.g. 
due to burns or dehydration).

White blood cell count
 O Improved Neubauer haemocytometer: spare cover 

glasses, Turk’s solution (white blood cell diluent), 20- µl 
micropipette and hand tally counter are required.

Erythrocyte sedimentation rate (ESR)
 O The Westergren method is recommended.

Differential white cell counts
 O Thin blood fi lm stained with Leishman’s/Rapyd Giemsa 

(pH 6.8). Tally counters are required.
 O Film may also be used to examine red cell morphol-

ogy for cases of suspected nutritional anaemia (e.g. 
iron defi ciency).

Sickle- cell test
 O A simple slide test using 2% sodium metabisulphite 

(prepared daily) will enable the morphology of sickled 
red blood cells to be seen, but cannot differentiate 
between sickle- cell disease and trait. The HbS solubility 
fi ltration test can differentiate sickle- cell anaemia from 
sickle- cell disease.

HIV test
 O Rapid antibody tests are easy to use for blood transfu-

sion screening purposes and for diagnostic screening. 
Many brands are available, their sensitivities and spe-
cificities vary, and brand use may depend on local 
availability.

Hepatitis B and C testing
 O Rapid tests are available to detect HBsAg and anti- HCV 

antibody (refer to WHO Blood Safety Unit for details 
of appropriate tests).

Blood groups
 O Blood grouping/cross- matching sera should be 

available.

Biochemical investigations
Low- cost, easily maintained equipment is urgently required 
in low- resource settings to measure plasma sodium and 
potassium levels. Hyponatraemia and hypokalaemia are 
common and dangerous conditions that need early detec-
tion and management. 

Important biochemical investigations include the 
following:

 O Tests on whole blood, serum or plasma: 
 — urea, creatinine and electrolytes
 — glucose
 — albumin 
 — bilirubin
 — amylase
 — AST (aspartate aminotransferase).

 O In specialised hospitals, the following can be measured:
 — alkaline phosphatase
 — ALT (alanine aminotransferase)
 — calcium
 — cholesterol
 — cholinesterase
 — iron
 — triglycerides.

 O Urine clinical chemistry tests:
 — protein
 — glucose
 — bilirubin and urobilinogen
 — ketones
 — haemoglobin
 — nitrite
 — specifi c gravity.
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 O Faecal clinical chemistry tests:
 — occult blood
 — lactose
 — excess fat.

 O Cerebrospinal fl uid clinical chemistry tests:
 — protein (c. 1 mL of CSF)
 — glucose (0.5 mL into a fl uorite oxalate bottle).

Investigations for specifi c diseases
Malaria

 O Thick blood fi lm stained with Field’s/Giemsa) stain; use 
fi nger prick or venous blood.

 O Using Field’s the fi lm can be stained within 20 seconds 
(compound stain powders ‘A’ and ‘B’ are available to 
mix with water).

 O To confi rm diagnosis of the species, a methanol- fi xed 
thin blood fi lm (hand stained at pH 7.2) using Rapyd 
Giemsa/Leishman’s or reverse Field’s stain may be 
useful. 

 O Thick blood fi lms may also reveal Borrelia, microfi lariae 
and trypanosomes.

 O The WHO has recommended the use of rapid diagnos-
tic tests (RDTs) as a parasite- based diagnosis where 
good- quality microscopy cannot be maintained (for 
guidance on choosing the most appropriate RDT, visit 
www.who.int/tdr).

African trypanosomiasis
 O Immediate examination of a wet preparation and/or thick 

blood fi lm stained as described above is the simplest 
way of diagnosing Trypanosoma brucei rhodesiense 
(if a chancre is present, a sample may be taken from 
between the edge and the centre of the lesion and 
examined as for blood). 

 O Gland fl uid from a swollen posterior cervical gland may 
be examined (this is particularly useful in T.b. gambiense), 
with immediate examination for motile trypanosomes or 
stained as for blood.

 O If these tests are negative, up to four microhaematocrit 
(MHCT) tubes of blood should be taken. These are cen-
trifuged for 5 minutes, stuck to microscope slides and 
the buffy coat area examined for motile trypanosomes 
(Woo test). 

 O All samples must be examined as soon as possible to 
avoid parasite lysis. 

 O If the blood is positive for trypanosomes, or it is sus-
pected that the patient has late- stage (stage II) CNS 
disease, a lumbar puncture must be taken and CSF 
examined microscopically within 30 minutes of the 
procedure in order to visualise trypanosomes. The 
number of white blood cells should be counted using 
a haemocytometer.

Leishmaniasis
 O For cutaneous leishmaniasis, a smear taken from the 

raised red edge of a lesion may be taken and stained 
with rapid Giemsa/Leishman’s (diluted with buffered 
water at pH 7.2) to demonstrate amastigotes. 

 O For suspected visceral leishmaniasis, haematological 
investigations plus an antibody detection test such 
as the Rapyd Leishman’s which utilises rk39 antigen 
are the most useful and safe investigations. Note that 
in HIV- positive individuals false- negative antibody test 
results are common.

TB and leprosy
For suspected TB

 O If possible, up to three consecutive morning sputum 
samples should be examined. 

 O The Ziehl–Neelsen (ZN) method of staining should be 
used. 

 O The addition of bleach to liquefy the sample may improve 
sensitivity, and lowers the risk of laboratory infection. 

For suspected leprosy 
 O The ZN method of staining should be used on slit skin 

smears.

Diarrhoeal diseases
For suspected parasitic cause 

 O Direct microscopy using saline smears (plus iodine to aid 
identifi cation of cysts) should be used. A concentration 
technique such as formol- ether (or ethyl- acetate/petrol) 
concentration or the Kato–Katz cellophane technique 
(WHO) is particularly useful when looking for parasites 
such as Schistosoma mansoni, where the female worm 
only produces around 200 eggs per day.

For suspected bacteriological cause 
 O Ideally the specimen should be sent for culture and 

sensitivity testing. 
 O Culture may not be possible due to the need for sterile 

facilities and supplies of media. 
 O If possible, samples should be sent to a reference 

laboratory for culture.
 O Supplies of the following transport media and sterile 

swabs should be available:
 — Stuart’s medium or Amies medium for suspected 
Salmonella typhi and Shigella

 — alkaline peptone water and Cary- Blair medium for 
Vibrio cholerae.

 O If microscopy of a fl uid stool containing blood shows red 
blood cells, white blood cells/macrophages and numer-
ous bacteria, bacterial dysentery is likely. 

 O If the sample is loose with blood and mucus, then a ‘hot 
stool’ (examined within 30 minutes of voiding) should be 
examined for motile Entamoeba histolytica trophozoites.

Urinary infections and renal diseases
Urine examination

 O Urine ‘dipstick’ tests are useful for detecting blood, 
protein, glucose, bilirubin, urobilinogen, infection, nitrites 
and white blood cells.

 O A midstream urine (MSU) sample may be examined 
microscopically for the following:

 — Schistosoma haematobium ova (or terminal urine)
 — pus (white blood cells)
 — erythrocytes
 — casts
 — bacteria (suspected urinary tract infection). 

 O The addition of a drop of 1% methylene blue in physi-
ological saline may aid microscopical examination.

 O If urine is to be sent for culture, 20 mL of an MSU sample 
should be mixed with 3 mg of boric acid (a preservative).

 O It is important to give instructions to ward staff on how 
to obtain an MSU sample, bag urine and suprapubic 
aspirate.
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Ulcers and exudates
 O For suspected bacterial (and fungal) infections, a smear 

of the pus or exudate should be stained with Gram stain.

Meningitis
 O A Gram- stained CSF deposit may be useful in cases of 

suspected meningitis.
 O The India ink stain is used for cryptococcal meningitis.

References
1 World Health Organization (1995) Production of Basic 

Diagnostic Laboratory Reagents. Can be obtained from 
WHO Regional Offi ce, PO Box 1517, Alexandria.

2 Cheesbrough M (2005) District Laboratory Practice in 
Tropical Countries. Part 1, 2nd edn. Cambridge, UK: 
Cambridge University Press.

1.9 Records, history taking and examination

Records
 O Records can be held by patients or parents, or by the 

hospital, or both.
 O If they are patient or parent held, they can be developed 

into health booklets containing advice on how to man-
age illnesses (possibly in the form of pictures for illiterate 
parents). Immunisation information, if included, should 
comply with national immunisation programmes.

 O Hospital records need to be kept confi dentially in a 
logical system for audit purposes, with easy access to 
previous notes. 

 O Discharge information and advice should be entered in 
the patient-  or parent- held booklet.

 O If possible, diagnoses should be coded and entered 
according to the International Classifi cation of Diseases 
(ICD) or in accordance with local policy and coding. 

History taking
 O The medical history should, when age appropriate, 

include the child’s own input. The source of the informa-
tion may be the mother, the father or the child him-  or 
herself, and the source should be documented.

 O It is important to listen, especially to the mother’s worries 
about her child, taking into account her general frame 
of mind, her experience with previous children and her 
ability to communicate. 

 O Time can be a restricting factor due to the workload, but 
it is important to ask about the following:

 — pregnancy and previous deliveries (including stillbirths)
 — infant or young child feeding history
 — the immunisation record (best kept by the parents)
 — previous admissions or visits to hospital
 — existing medical problems
 — social circumstances at home, and the family history
 — the family’s cultural beliefs and their religion and/
or tribe

 — medication taken by the patient, and any allergies
 — the patient’s presenting complaints and current treat-
ment, if any.

 O Most patients and their families are anxious. They need 
reassurance, kindness and understanding. 

Examination
The following basic equipment is required:

 O stethoscope
 O otoscope (if available)
 O ophthalmoscope (if available)
 O tendon hammer
 O bright torch light (or mobile phone light) 
 O thermometer
 O Pinard’s stethoscope or Sonicaid (a hand- held Doppler)
 O microscope (if available).

Conducting the examination
 O A triage nurse (see Section 1.10) can be helpful for 

making a preliminary assessment of patients. They 
can assess each patient and use the recorded body 
temperature, weight, general condition and pain score 
of the patient to decide how urgently he or she should 
be seen by the doctor.

 O Do not rush the examination. A thorough examination 
is often needed, and taking time can help to gain the 
confi dence of the patient and their family.

 O If the patient is critically ill, quick action is required and 
questions can be asked later. 

 O Try to be gentle and avoid palpating a painful body part 
before everything else has been done. You want to avoid 
having a crying patient whom you cannot examine or 
auscultate.

 O Small children and infants are best examined on the 
parent’s lap; older ones can be asked to lie down.

 O In general, the examination of a child will follow the same 
systematic approach as in adults. However, you may 
need to be more opportunistic.

Essential emergency examination 
checklist
Always check the following in the order shown:

 O Airway
 O Breathing
 O Circulation
 O Disability
 O Exposure.
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In the case of a critically ill patient, proceed to basic and/
or advanced life support using the structured approach (see 
Section 1.11).

Patients who are not in need of immediate 
resuscitation

 O Introduce yourself to the patient and parent, if 
present.

 O Interact with any child throughout the examination. 
 O General inspection: document dysmorphism, skin 

rashes or bruises, nutritional status, weight and height 
for age, jaundice, pallor, clubbing, (for child) relationship 
with parent, and state of consciousness.

 O Respiratory system: document chest wall expansion 
(is it symmetrical? is there recession?), respiratory rate, 
cyanosis, palpation, percussion, and auscultation.

 O Cardiovascular system: remember to feel all of the 
pulses, particularly the femoral pulses. Measure the 
blood pressure (the cuff must cover two- thirds of the 
upper arm circumference), examine the jugular venous 
pressure, palpate the cardiac impulses (i.e. for left and 
right ventricles), and auscultate the apex, left sternal 
edge, pulmonary and aortic areas and carotids and 
over the back. 

 O Abdominal system: if the patient is pregnant, assess 
the size of the uterus, the presentation of the fetus 
and listen for the fetal heart. In an infant check the 
genitals for crypto orchidism, hernias and gender. Rectal 
examinations are occasionally necessary but need to 

be explained to the patient, parent and child (where 
appropriate). Inspect the mouth and teeth.

 O Neurological system: use the AVPU or Glasgow Coma 
Scale score (see Section 1.11). Observe infants for their 
degree of responsiveness and rapport appropriate for 
age, social and motor skills, and look for neurocutaneous 
stigmata. Test for age- appropriate refl exes and saving 
reactions when assessing developmental delay. Leave 
sensation testing until last. Ideally, fundoscopy needs 
mydriatics, a dark room and (occasionally) sedation.

 O Motor system: Always examine infants for dislocated/
dislocatable hips. Check the gait.

 O Urine: Test for protein, glucose and blood, and ideally for 
infection using a microscope or appropriate stick tests.

Patients and parents have the right to be told any abnormal 
fi ndings, and the actual process of the examination should 
be explained to the patient in age- appropriate language.

The history and examination fi ndings, including the 
patient’s weight and height, should be recorded, with daily 
entries on management and progress. (Be aware of the local 
guidelines on nutritional assessments, especially in settings 
where malnutrition is common.) When the patient is dis-
charged they should be given discharge information about the 
admission and any further treatment and advice that needs 
to be shared with their primary care healthcare workers.

See Section 9 (Appendix) for examples of various charts, 
including those for vital signs, fl uid balance, growth and 
body mass index (BMI).

1.10 Triage: seeing the sickest fi rst

Triage involves determining the priority of a patient’s 
treatment based on the severity of their condition, not 
on when they arrived or their place in a queue.

Introduction
The word ‘triage’ comes from the French word ‘trier’ (mean-
ing ‘to sort’). It is the process by which patients presenting 
to a health facility with an illness or injury are assigned a 
clinical priority. It is an essential step in clinical risk manage-
ment, as it means that, if done correctly, those patients who 
are most in need of care receive it fi rst. Triage should have 
a robust mechanism to ensure that patients at imminent 
risk of death or who are seriously ill or injured, requiring 
immediate resuscitation or emergency management, are 
provided with treatment before patients with conditions 
that are less critical, who can wait for further assessment 
and treatment.

Triage divides patients into the following three categories:
1 those who are at imminent risk of death, and require 

immediate resuscitation 
2 those who are seriously ill or injured, and who need 

timely emergency management
3 those who have conditions which can wait before further 

assessment and possible treatment. 

Of course, it is not always immediately apparent which 
category a patient is in, so most methodologies are based 
on a rapid physiological assessment of vital functions (air-
way and breathing, circulatory status and conscious level).

The models of decision making, of which there are 
many, require three steps:
1 rapid initial assessment
2 determination of the appropriate categories
3 selection of the most appropriate category.

Triage scheme for children and 
pregnant women
Rapid initial assessment 
When a woman or girl who is or might be pregnant presents 
to a health facility she is of immediate concern and should 
be given priority through triage without disadvantaging seri-
ously affected men or older women. Infants and children 
can also become dangerously ill quickly, and therefore 
need urgent triage.

This process requires the ability to recognise, fi rst, those 
patients who need resuscitation (immediate management, 
group 1, ‘red’), and, second, those who need urgent treat-
ment (group 2, ‘orange’) (see Table 1.10.1). This process 
must take only a few seconds, as any delay can be fatal. 
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TABLE 1.10.1 A possible triage scale (adapted from the Advanced Life Support Group)

Triage number Type of action Colour Maximum target time to action (minutes)

Category 1 Immediate Red 0 

Category 2 Urgent Orange 15

Category 3 Non- urgent Green 60 (1 hour)

From the moment of arrival at the health facility (some infor-
mation may be given before arrival, by contact between the 
ambulance crew and the facility), a decision on those who 
need resuscitation must be made. The decision making is 
based on the clinical signs listed in the second column of 
Tables 1.10.2 and 1.10.3. 

Once a triage category has been identifi ed, the patient 
should have observations of respiration rate and char-
acteristics (e.g. wheeze, stridor, recession), pulse rate, 

blood pressure, temperature and a rapid measure of 
conscious level, such as AVPU score (Alert, responds to 
Voice, responds to Pain, Unconscious; see Sections 1.11 
and 1.12), measured and recorded.

Table 1.10.2 (for pregnant women) and Table 1.10.3 
(for infants and children) show those features which, on 
rapid examination, determine that immediate resuscitation 
is required.

TABLE 1.10.2 Clinical signs on simple observation or from the history which indicate the need for immediate resuscitation in pregnant 
mothers 

Underlying mechanism What does the healthcare worker undertaking triage see in the patient or hear from 
the relatives?

A problem that is obstructing, or 
might obstruct, the upper airway 

A: AIRWAY

The patient is unconscious 

The patient is fi tting or has been fi tting

There is major trauma to the face or head, including burns

There is severe stridor or gurgling in the throat

Any problem producing apnoea, 
severe respiratory distress or 
cyanosis

B: BREATHING

The patient is not breathing

The patient is gasping

The patient is cyanosed

The patient is having so much diffi culty breathing that they cannot speak

Any problem producing cardiac 
arrest, shock or heart failure

C: CIRCULATION

The patient has heavy vaginal bleeding 

The patient has suffered major trauma

The patient appears shocked (very pale/white, cannot sit up, has a reduced conscious level)

TABLE 1.10.3 Clinical signs on simple observation or from the history which indicate the need for immediate resuscitation in infancy 
and childhood

Underlying mechanism What does the healthcare worker undertaking triage see in the patient or hear from 
the parents?

A problem that is obstructing, or 
might obstruct, the upper airway 

A:AIRWAY

The patient is unconscious 

The patient is fi tting or has been fi tting

There is major trauma to the face or head, including burns

There is severe stridor or gurgling in the throat

The child has inhaled a foreign body which is still in the throat

Any problem producing apnoea, 
severe respiratory distress or 
cyanosis

B: BREATHING

The patient is not breathing

The patient is gasping

The patient is cyanosed

The patient is having so much diffi culty breathing that they cannot speak or vocalise (cry)

Any problem producing cardiac 
arrest, shock or heart failure

C: CIRCULATION

The patient has suffered major trauma

The patient appears shocked (very pale/white, cannot sit up, weak, very rapid or absent 
pulse, and has a reduced conscious level)

Tables 1.10.4 and 1.10.5 list those features which indi-
cate the need for urgent management (orange) within 
15 minutes. 
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TABLE 1.10.4 Clinical signs on simple observation or from the history in a pregnant mother which indicate the need for urgent man-
agement but not resuscitation 

Underlying mechanism What does the healthcare worker undertaking triage see or hear from the 
patient or the relatives?

A problem that might obstruct the upper 
airway in the future 

A: AIRWAY

There is trauma to the face or head, or burns to this area, but the patient is conscious 
and able to speak 

Ingestion or accidental overdose of drugs which may alter the conscious level?

A problem producing respiratory distress 

B: BREATHING

The patient has diffi culty breathing but can speak, and there is no cyanosis

Any problem that might, unless rapidly 
treated, lead to shock or heart failure

C: CIRCULATION

The patient has vaginal bleeding which is heavy*, but is not yet shocked (they are able 
to stand or sit up and speak normally)

The patient has suffered major trauma and is not yet shocked, but may have internal 
bleeding (they are able to stand or sit up and speak normally)

Any burns covering more than 10% of the body

The patient has fainted and has abdominal pain (this includes possible ruptured 
ectopic pregnancy) but they are now able to stand or sit up and speak normally

The patient has passed products of conception and is still bleeding, but is not shocked 
(they are able to stand or sit up and speak normally)

The patient has severe abdominal pain, but is not shocked (they are able to stand or sit 
up and speak normally)

The patient is extremely pale, but is not shocked (severe anaemia) (they are able to 
stand or sit up and speak normally)

Possible severe pre- eclampsia and 
impending eclampsia

The patient is complaining of a headache and/or visual disturbance

Severe dehydration The patient is complaining of severe diarrhoea/vomiting and is feeling very weak, but is 
not shocked (they are able to stand or sit up and speak normally)

Possible complication of pregnancy The patient has abdominal pain not due to uterine contractions of normal labour

Possible premature labour The patient is not yet due to deliver, but has had ruptured membranes (with or without 
contractions)

Infection that might become dangerous The patient has a high fever > 38°C (they are hot to touch or shivering, but are able to 
stand or sit up and speak normally)

Possible intrauterine death After 24 weeks of pregnancy the patient has not felt fetal movements for 24 hours or 
more

Prolapsed cord The patient says that her membranes have ruptured and she can feel the umbilical 
cord

*Heavy bleeding is defi ned as a clean pad or cloth becoming soaked within less than 5 minutes.

Note that a low blood pressure in a pregnant woman or a 
child is a late and ominous sign.

Helping to ensure that triage works 
well
The following actions will help to prevent life- threatening 
delays:
1 Train all staff (including clerks, guards, door keepers and 

switchboard operators) to recognise those who need 
resuscitation. 

2 Practise triage and the structured approach to emergen-
cies with all staff in the facility.

3 Ensure that access to care is never blocked. Emergency 
equipment must always be available (not locked away) 
and in working order. This requires daily checks and the 
keeping of logbooks. Essential emergency drugs must 
be constantly available.

4 Give proper training of appropriate staff in the use of the 
equipment and drugs required. 

5 A special trolley containing equipment and drugs for 
emergencies must be available at all times. 

6 Protocols on the structured approach to emergencies 
(see below) must be available. Pathways of emergency 
care should be prominently displayed on the walls in 
areas where emergencies are managed. 

7 Implement systems by which patients with emergencies 
can be exempted from payment, at least temporarily. 
These include local insurance schemes and health com-
mittee emergency funds. This exemption must be made 
known to all gatekeepers and security staff. 

Special priority signs
Haemorrhage 
Haemorrhage is a feature of many presentations, particularly 
in pregnancy and following trauma. 

Category 1 patients (red) are those who are exsanguinat-
ing. Death will occur quickly if the bleeding is not arrested.

A haemorrhage that is not rapidly controlled by the 
application of sustained direct pressure, and which 
continues to bleed heavily or soak through large dress-
ings quickly, should also be treated immediately 
(Category 1, red). 
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Conscious level 
Category 1 or immediate priority (red) includes all uncon-
scious patients (U or P on the AVPU scale).

In patients with a history of unconsciousness or fi tting, 
further dangerous events are possible. Those who respond 
to voice are categorised as Category 2 urgent (orange).

Pain 
Patients with severe pain should be allocated to Category 1 
immediate (red), and those with any lesser degree of pain 
should be allocated to Category 2 urgent (orange). 

For patients who have sustained signifi cant trauma or 
other surgical problems, anaesthetic and surgical help is 
required urgently.

If there is an urgent referral from another healthcare 
facility or organisation, the patient must be seen immedi-
ately or urgently, depending on the circumstances.

Importance of regular reassessment
Triage categories may change as the patient deteriorates 
or gets better. It is important, therefore, that the process 
of triage (clinical prioritisation) is dynamic rather than static. 

To achieve this, all clinicians involved in the pathway of 
care should rapidly assess priority whenever they encounter 
the patient. Changes in priority must be noted, and the 
appropriate actions taken.

All patients with symptoms or signs in the immediate 
(red) or urgent (orange) categories represent emergencies 
or potential emergencies, and need to undergo the struc-
tured approach to emergencies as outlined in Section 1.11.

Non- urgent cases
Proceed with assessment and further treatment accord-
ing to the patient’s needs once the immediate and urgent 
patients have been stabilised.

TABLE 1.10.5 Clinical signs on simple observation or from the history in an infant or child which indicate the need for urgent manage-
ment but not resuscitation 

Underlying mechanism What does the healthcare worker undertaking triage see or hear from the patient or 
relatives?

A problem that might obstruct the 
upper airway in the future 

A: AIRWAY

There is trauma to the face or head, or burns to this area, but the patient is conscious and 
able to speak/cry 

An overdose of respiratory depressant substance has or may have been taken

A problem producing respiratory 
distress 

B: BREATHING

The patient has diffi culty in breathing but can speak/cry and there is no cyanosis

Any problem that might, unless rapidly 
treated, lead to shock or heart failure

C: CIRCULATION

The patient has suffered major trauma and is not yet shocked, but may have internal 
bleeding (they are able to stand or sit up and speak/cry normally)

Any burns covering more than 10% of the body

The patient has fainted and has abdominal pain (a post- pubertal girl might have a ruptured 
ectopic pregnancy) but they are able to stand or sit up and speak/cry normally

The patient has severe abdominal pain but is not shocked (they are able to stand or sit up 
and speak/cry normally)

The patient is extremely pale but not shocked (severe anaemia) (they are able to stand or 
sit up and speak/cry normally)

Severe dehydration The patient has severe diarrhoea/vomiting and is feeling very weak, but is not shocked 
(they are able to stand or sit up and speak/cry normally); the eyes may be sunken and a 
prolonged skin retraction time will be present

Infection that might become 
dangerous

The patient has a high fever > 38°C (they are hot to touch or shivering, but are able to 
stand or sit up and speak/cry normally)

The child shows evidence of severe 
malnutrition

Any child with visible severe wasting (especially of the buttocks), and swelling (oedema) of 
both feet, who is unwell or considered unwell by their parents, but is able to stand or sit up 

Any neonate or young infant (less than 
2 months old) who is unwell

This indicates a possibility of dangerous sepsis
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1.11 Structured approach to managing 
emergencies in pregnancy and childhood

Approach to emergencies
Training
Members of the clinical team must know their roles. They 
will ideally have trained together in:

 O clinical situations and their diagnoses and treatments
 O drugs and their use, administration and side effects
 O emergency equipment and how it functions.

The ability of a facility to deal with emergencies should 
be assessed and reinforced by the frequent practice 
of emergency drills.

Initial management
 O Stay calm. 
 O Do not leave the patient unattended.
 O Have a team leader in charge to avoid confusion.
 O Shout for help. Ask one person to go for help and 

another to get emergency equipment and supplies (e.g. 
oxygen cylinder and emergency kit). Ideally resuscita-
tion equipment and drugs should be available on one 
dedicated trolley. 

 O Assess and resuscitate in sequence using the structured 
approach – Airway, Breathing, Circulation, Disability 
(Neurological Status) (see below).

 O If the patient is conscious, ask what happened and what 
symptoms they have.

 O Constantly reassess the patient, particularly after any 
intervention.

Structured approach to any pregnant 
woman, infant or child presenting as an 
emergency
Approach emergencies using the structured ABCD (Airway, 
Breathing, Circulation, Disability) approach, which ensures 
that all patients with a life- threatening or potentially life- 
threatening problem are identifi ed and managed in an effective 
and effi cient way whatever their diagnosis or pathology. 

The structured approach to the seriously ill patient, 
which is outlined here, allows the health worker to focus 
on the appropriate level of diagnosis and treatment during 
the fi rst hours of care. Primary assessment and resuscita-
tion are concerned with the maintenance of vital functions 
and the administration of life- saving treatments, whereas 
secondary assessment and emergency treatment allow 
more specifi c urgent therapies to be started. 

Secondary assessment and emergency care require a 
system- by- system approach in order to minimise the risk 
of signifi cant conditions being missed.

Following cardiac and/or respiratory arrest, the out-
come both for pregnant women and for children is poor. 
Earlier recognition and management of potential respira-
tory, circulatory or central neurological failure which may 
progress rapidly to cardiac and/or respiratory arrest will 
reduce mortality and secondary morbidity. The following 

section outlines the physical signs that should be used for 
the rapid primary assessment, resuscitation, secondary 
assessment and emergency treatment of pregnant women, 
and of babies and children. 

Primary assessment and resuscitation involves 
sequential assessment and resuscitation of vital functions 
– Airway, Breathing and Circulation.

If there are no life- threatening signs, the primary 
assessment can be completed within about 1 minute. If 
life- threatening signs are identifi ed, resuscitation proce-
dures are required. 

If you are working on your own and have been unable 
to summon help, you must resuscitate Airway before 
Breathing, and Breathing before Circulation. This is because 
oxygen cannot be carried around in the blood to the vital 
organs if the blood is not oxygenated fi rst, and the lungs 
cannot oxygenate the blood if there is no airway to allow 
air containing oxygen to enter the lungs.

If assistance is available, one person can deal with 
Airway, another with Breathing and a third with Circulation, 
all working simultaneously, but there must be a ‘team leader’ 
to take overall control.

During resuscitation, interventions that are either 
life- saving or designed to prevent the patient reaching a 
near- death situation are performed (see below). These 
include such procedures as basic airway opening proce-
dures, suction, oropharyngeal airway insertion, intubation, 
assisted ventilation, venous cannulation and fl uid resuscita-
tion (when safe and appropriate). At the same time, oxygen 
is provided to all patients with life- threatening Airway, 
Breathing or Circulatory problems, vital signs are recorded, 
and essential monitoring is established. 

This sequential primary assessment and any necessary 
resuscitation occur before any illness- specifi c diagnostic 
assessment or treatment takes place. Once the patient’s 
vital functions are working safely, secondary assessment 
and emergency treatment can begin. 

After each intervention, its effects should be tested by 
reassessment. Regular reassessments are a key compo-
nent of the structured approach. 

During secondary assessment, illness- specific 
pathophysiology is sought and emergency treatments are 
instituted. Before embarking on this phase, it is important 
that the resuscitative measures are fully under way. During 
the secondary assessment, vital signs should be checked 
frequently to detect any change in the patient’s condition. 
If there is deterioration, primary assessment and resusci-
tation should be repeated in the in the ‘Airway, Breathing, 
Circulation’ sequence.

Primary assessment and resuscitation
Assessment and resuscitation occur at the same time. The 
order of assessment and resuscitation enables identifi cation 
of immediately life- threatening problems, which are treated 
as they are found.
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A rapid examination of vital ABC functions is required. If 
at any stage a life- threatening A, B, or C problem is identifi ed: 

CALL FOR HELP.
After ABC, always assess for neurological problems, 

and resuscitate their components (sometimes referred to 
as ‘D’ for disability of the ABC approach).

Primary assessment and resuscitation of 
airway
The fi rst priority is establishment or maintenance of airway 
opening. If there is a need for resuscitation in a patient who 
is bleeding (e.g. in cases of massive postpartum haemor-
rhage or trauma), try to stop this at the same time as you 
are opening the airway.

PRIMARY ASSESSMENT
LOOK – for chest or abdominal movement.
LISTEN – for breath sounds.
FEEL – for breath.
Talk to the patient.
A patient who can speak or cry has a clear airway.

Signs associated with airway obstruction may include any 
of the following: 

 O an absence of breathing
 O stridor, snoring, or gurgling in the throat 
 O cyanosis
 O chest wall recession
 O agitation, reduced consciousness, or coma.

Be alert for foreign bodies (see Section 1.12 on choking).
Airway obstruction is most commonly due to 

obstruction by the tongue in an unconscious patient.

Resuscitation
Open the airway and keep it open.

If there is no evidence of air movement, open the airway 
using the following:

 O a head tilt, chin lift or jaw thrust manoeuvre (see 
Section 1.12 on basic life support). If this opens the 
airway and breathing starts, keep the airway open 
manually until it can be secured. Be careful when using 
head tilt if the cervical spine is at risk, but opening the 
airway is always the priority 

 O suction/removal of blood, vomit or a foreign body.

If there is no improvement after adjusting the airway manu-
ally and trying different techniques, place an oropharyngeal 
airway, which may be helpful if the patient is unconscious 
and has no gag refl ex. Avoid using a nasopharyngeal 
airway if there is any suspicion of base of skull injury.

If the airway is still obstructed, a defi nitive airway by 
intubation or surgical airway may be needed.

Give oxygen to all patients.
Be careful not to distress young children with partial 

upper airway obstruction due to infections such as 
epiglottitis and severe croup, as this may precipitate 
acute worsening of their airway obstruction. Having a 
parent or other known adult present will help to keep 
the child calm.

Identify the ‘at- risk’ airway
Reassess the airway after any airway- opening manoeuvres. 
If there continues to be no evidence of air movement, then 
airway opening can be assessed by performing an airway- 
opening manoeuvre while giving rescue breaths. Proceed 
to Breathing (see below).

Advanced airway management 
Advanced airway management techniques for securing 
the airway by intubation may be required in patients with 
any of the following: 

 O persistent airway obstruction
 O altered level of consciousness, with failure to protect the 

airway, especially from vomiting
 O facial trauma, including burns, penetrating neck trauma 

with expanding haematoma, and severe head injury 
(see Section 7).

This should be performed by skilled professionals such as 
an anaesthetist (if available) (see Section 1.24 for details). 
The following sequence should be followed:
1 pre- oxygenation with 100% oxygen with manual lung 

infl ation if required
2 administration of a carefully judged, reduced dose of an 

anaesthetic induction agent
3 application of cricoid pressure
4 suxamethonium 1–2 mg/kg
5 intubation with a correctly sized tracheal tube.

Confi rmation of correct placement of the tube
Signs such as chest movement and auscultation remain 
helpful, but are occasionally misleading, especially in inex-
perienced hands. The most important point is to see the 
tube pass through the vocal cords. The correct size is a 
tube that can be placed easily through the cords with only 
a small leak. Intubation of the right main bronchus is best 
avoided by carefully placing the tube only 2–3 cm below 
the cords and noting the length at the teeth before check-
ing by auscultation (best in the left and right lower axillae). 
Capnography, if available, is a useful adjunct for helping to 
confi rm correct tube placement.

If it is not possible to provide an airway using intubation, 
a surgical airway may be required.

NOTE: It is extremely risky to proceed to Circulation (and 
IV/IO cannulation) when partial upper airway obstruction 
is present in young children (e.g. due to epiglottitis, severe 
croup or a foreign body), as invasive procedures can pre-
cipitate complete airway closure. Stabilise the airway fi rst. 
This will require help from an anaesthetist. 

Emergency treatment situations
1 For severe croup, nebulised adrenaline can be helpful 

(5 mL of 1 in 1000). Always give oral steroid as soon 
as possible (150 micrograms/kg of dexamethasone or 
1 mg/kg of prednisolone).

2 For upper airway obstruction due to anaphylaxis, 
nebulised adrenaline (5 mL of 1 in 1000) and IM adrena-
line (1 mg IM in pregnancy and 10 micrograms/kg in 
children).

3 Inhaled foreign body (see Section 1.12).
4 For severe bronchiolitis, clear the nasal airways by 

using gentle suction.
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If the patient has major trauma or postpartum haemorrhage 
and is obviously bleeding rapidly, to the point of exsanguina-
tion (see Section 7.3.A), measures to stop the exsanguination 
must be instituted at the same time as Airway resuscitation. 

Throughout primary assessment and resuscitation, 
protect the cervical spine with a collar, sand bags and 
tape if the patient is likely to have an unstable cervical 
spine and if subsequent surgical stabilisation is pos-
sible (see Section 7.3.A.). 

Primary assessment and resuscitation of 
breathing
An open airway does not guarantee adequate ventilation. 
The latter requires an intact respiratory centre and adequate 
pulmonary function augmented by coordinated movement 
of the diaphragm and chest wall. 

Primary assessment
Assess whether breathing is adequate by:

 O assessing effort:
 — recession
 — rate
 — added noises
 — accessory muscles
 — alar fl aring

 O assessing effi cacy:
 — listening for reduced or absent breath sounds, or any 
wheezing, with a stethoscope or ear on chest wall

 — chest and/or abdominal expansion (symmetrical 
or asymmetrical)

 — abdominal excursion
 — SaO2 if available

 O assessing effects on heart rate 
 O assessing effects on skin colour (check the possibility 

of cyanosis)
 O assessing effects on mental status.

Evidence of life- threatening respiratory 
diffi culty
This includes the following:
1 absence of breathing (apnoea)
2 very high or very low respiratory rates 
3 gasping, which is a sign of severe hypoxaemia, and may 

indicate impending respiratory arrest and death
4 severe chest wall recession, usually with increased 

respiratory rate, but pre- terminally with a fall in rate
5 severe hypoxaemia (cyanosis)
6 signs of tension pneumothorax (respiratory distress with 

hyper- resonant percussion) (see Section 7.3.A)
7 major trauma to the chest (e.g. tension pneumothorax, 

haemothorax, fl ail chest) (see Section 7.3.A)
8 signs of severe asthma (severe respiratory distress with 

wheezing, but a silent chest in severe asthma can be a 
near- fatal situation).

Evidence of respiratory diffi culty which can 
progress if not treated
This includes the following:
1 increased respiratory rate
2 inspiratory stridor
3 reduced or absent breath sounds on auscultation 
4 expiratory wheezing
5 chest expansion (most important), and reduced abdomi-

nal excursion

6 pulse oximetry showing oxygen saturation (SaO2) of 
less than 94% (normal SaO2 in a patient at sea level is 
94–100% in air).

Fast breathing is caused by either an airway problem, lung 
disease or metabolic acidosis.

TABLE 1.11.1 Respiratory rates ‘at rest’ for different age groups

Age (years) Respiratory rate (breaths/
minute)

< 1 30–40

1–2 25–35

2–5 25–30

5–12 20–25

> 12 15–20

In pregnancy 15–20*

* In pregnancy, respiratory rate does not change although tidal 
volume increases resulting in approximately 50% increase in 
minute ventilation.

The WHO suggests a breathing rate of 30 per minute or more in 
pregnancy as evidence of shock.

Care should be taken when interpreting single measure-
ments. Infants can show rates of between 30 and 90 
breaths/minute depending on their state of activity. It is 
more useful to use trends in measurements as an indicator 
of improvement or deterioration.

WHO defi nitions of fast breathing in young children are 
as follows:

 O < 2 months: * 60 breaths/minute
 O 2–12 months: * 50 breaths/minute
 O 12 months to 5 years: * 40 breaths/minute

Slow breathing rates may result from fatigue or raised intrac-
ranial pressure, or may immediately precede a respiratory 
arrest due to severe hypoxaemia.

Other signs of breathing diffi culty
Chest wall recession

 O Intercostal, subcostal or sternal recession reflects 
increased effort of breathing, which is seen in particular 
in infants, who have more compliant chest walls.

 O The degree of recession indicates the severity of res-
piratory diffi culty.

 O In the patient with exhaustion, chest movement and 
recession will decrease.

Inspiratory or expiratory noises
 O Stridor, usually inspiratory, indicates laryngeal or tracheal 

obstruction.
 O Wheeze, predominantly expiratory, indicates lower 

airway obstruction.
 O Volume of noise is not an indicator of severity.

Grunting
 O This is observed in infants and children with stiff lungs 

to prevent airway collapse (it represents the noise made 
by closure of the larynx during expiration, which is the 
body’s attempt to increase lung volume). 

 O It is a sign of severe respiratory distress.
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Accessory muscle use
 O In infants, the use of the sternocleidomastoid muscle 

creates ‘head bobbing’ and does not help ventilation. 
 O Flaring of the alae nasi is also seen in infants with res-

piratory distress.

Exceptions
Increased effort of breathing does not occur in three 
circumstances:
1 exhaustion
2 central respiratory depression (e.g. from raised intrac-

ranial pressure, poisoning or encephalopathy)
3 neuromuscular disease (e.g. poliomyelitis).

Effects of breathing failure on other 
physiology
Heart rate: this is increased with hypoxia, but decreases 
when hypoxia is severe, when bradycardia is a sign of 
impending cardiorespiratory arrest.

Skin colour: hypoxia fi rst causes vasoconstriction 
and pallor. Cyanosis is a late sign and may indicate 
impending cardiorespiratory arrest. In an anaemic 
patient it may never be seen, however hypoxic the 
patient is.

Mental status: hypoxia causes initial agitation, then 
drowsiness, followed by loss of consciousness.

Resuscitation of breathing
In the patient with absent or inadequate breathing, it is 
essential to breathe for the patient using:

 O mouth- to- mouth or mouth- to- mouth- and- nose ventila-
tion, or 

 O bag-valve-mask ventilation: if using oxygen, add a res-
ervoir to increase the oxygen concentration.

Intubate (if skilled professionals are available) and 
provide assisted ventilation through the tube if long- 
term ventilation is needed or bag–mask ventilation is 
ineffective.

However, do not persist with intubation attempts with-
out ventilating the patient intermittently with a bag and mask 
as necessary to prevent hypoxaemia during the intubation 
process.

Give high- fl ow oxygen to all patients with respiratory 
diffi culty.

Give as much oxygen as possible through a mask 
with a reservoir bag to any patient who is breathing but 
has respiratory diffi culty or the other signs of hypoxia 
(e.g. cyanosis).

Situations in which emergency treatment is 
given
1 Perform needle thoracocentesis if the diagnosis is 

tension pneumothorax (see Figure 8.3.1). This should 
be followed by a chest drain.

2 Consider inserting a chest drain if there is major trauma 
to the chest (see Figure 8.3.2).

3 Give nebulised salbutamol if the patient has severe, 
life- threatening asthma (2.5 mg for children < 5 years of 
age, or 5 mg for children > 5 years of age and pregnant 
mothers). If a nebuliser is not available, use a spacer and 

metered- dose inhaler (100 micrograms/puff; 10 puffs 
initially for all age groups).

4 Give nasal continuous positive airway pressure 
(CPAP) if a neonate has severe respiratory distress (see 
Section 8.3).

5 Give IM adrenaline (1 mg in pregnancy and 10 micro-
grams/kg in children) and nebulised salbutamol (see 
above) if wheezing is due to anaphylaxis.

6 Give anticoagulant (IV unfractionated heparin) if pulmo-
nary embolus is diagnosed in pregnancy or post delivery 
(see Section 2.5.H).

7 Give calcium gluconate (10 mL 10% IV over 10 min-
utes) if respiratory arrest is due to magnesium toxicity in a 
patient treated for eclampsia with magnesium sulphate.

Primary assessment and resuscitation of 
circulation 
Primary assessment
The circulatory system is more diffi cult to assess than airway 
and breathing, and individual measurements must not be 
over- interpreted.

If there is no palpable pulse, a very slow heart rate (< 60 
beats/minute in an infant, or < 40 beats/minute in a child 
or pregnant woman) or no ‘signs of life’ (e.g. movements, 
coughing, normal breathing), cardiac arrest or near- cardiac 
arrest is likely, and basic life support must be started (see 
Section 1.12).

Agonal gasps (irregular, infrequent breaths) do not pro-
vide adequate oxygenation and are not for these purposes 
a ‘sign of life’.

In addition to cardiac arrest or near- arrest, shock and 
heart failure are additional life- threatening issues that it is 
important to identify.

Shock 
The following clinical signs can help to identify shock (inad-
equate circulation) (see Sections 2.5.A and 5.5.A).

TABLE 1.11.2 Heart rates ‘at rest’ at different ages

Age (years) Heart rate (beats/minute)

< 1 110–160

1–2 100–150

2–5 95–140

5–12 80–120

> 12 60–100

Pregnancy 70–115*

* The heart rate in pregnancy increases by 10–15 beats per 
minute.

Heart rate
 O Heart rate increases in shock and heart failure.
 O Severe bradycardia due to hypoxaemia may be a sign 

of near cardiorespiratory arrest.

The WHO defi nition of tachycardia is a heart rate of > 160 
beats/min in children aged under 1 year, and > 120 beats/
minute in those aged 1–5 years.

The WHO defi nes a heart rate in pregnancy of 110 beats 
per minute or more as evidence of shock.
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Pulse volume
Absent peripheral pulses or reduced strength of central 
pulses can signify shock.

Capillary refi ll time (CRT) 
 O Pressure on the centre of the sternum or fi ngernail for 

5 seconds should be followed by return of the circula-
tion to the skin within 3 seconds or less. CRT may be 
prolonged by shock, cold environment, or the vasocon-
striction that occurs as a fever develops.

 O Prolonged CRT is not a specifi c or sensitive sign of 
shock, and should not be used alone as a guide to the 
need for or the response to treatment.

Blood pressure
 O The cuff should cover at least 80% of the length of the 

upper arm, and the bladder should be more than two- 
thirds of the arm’s circumference. In pregnant mothers, 
the largest possible cuff should be used to avoid missing 
a raised blood pressure.

 O Korotkoff phase 5 (K5, disappearance of sound) should 
be used to measure diastolic pressure. Korotkoff 
phase 5 (K5A, muffl ing or softening of sound) should 
only be used if the sound does not disappear until near 
to zero cuff pressure.

 O In pregnancy the patient should ideally be sitting or lying 
in the lateral tilt positions when pressure is measured. 
In both of these positions, the cuff must be level with 
the heart.

 O Hypotension is a late sign of circulatory failure in both chil-
dren and pregnant mothers, and will be rapidly followed 
by cardiorespiratory arrest unless it is treated urgently.

TABLE 1.11.3 Systolic and diastolic blood pressure in children

Age 
(years)

Systolic blood pressure 
(mmHg) 5th centile

Systolic blood pressure 
(mmHg) 50th centile

< 1 65–75 80–90

1–2 70–75 85–95

2–5 70–80 85–100

5–12 80–90 90–110

> 12 90–105 100–120

Blood pressure may be diffi cult to measure and interpret, 
especially in infants and children under 5 years of age. The 
following formula can be used to calculate average systolic 
blood pressure in children (50th centile):

85 + (2 × age in years)

WHO defi nes normal adult BP as 120/80 mmHg. Blood 
pressure falls early in pregnancy due to a decrease in 
systemic vascular resistance. It is usually 10 mmHg below 
baseline and reaches a lowest mean value of 105/60 mmHg 
in the second trimester. During the third trimester it gradually 
returns to the pre-pregnancy level at term. 

The normal systolic blood pressure in pregnancy is in the 
range 95–135 mmHg. The normal diastolic blood pressure 
is in the range 60–85 mmHg.

The WHO suggests a systolic BP of < 90 mmHg in 
pregnancy as evidence of shock. A systolic BP < 95 mmHg 
should prompt a search for other possible indicators of 
developing shock.

The cardiovascular system in children and pregnant 
mothers compensates well initially in shock. 

Hypotension is a late and often sudden sign of decom-
pensation and, if not reversed, will be rapidly followed by 
death. Serial measurements of blood pressure should 
be performed frequently.

Effects of circulatory failure on other organs
Respiratory system: tachypnoea and hyperventilation 
occur as a result of the acidosis caused by poor tissue 
perfusion.

Skin: pale or mottled skin indicates poor perfusion.
Mental status: circulatory failure causes initial agitation, 

then drowsiness, followed by unconsciousness.
Urine output: a reduction in urine output to < 2 mL/kg/

hour in infants, < 1 mL/kg/hour in children or < 30 mL/hour 
in pregnant mothers indicates inadequate renal perfusion.

In pregnancy: fetal compromise can be the fi rst sign 
of shock in the mother.

The WHO defi nition of shock is cold hands, plus CRT 
of > 3 seconds, plus a weak and rapid pulse.

Life- threatening shock is usually associated with: 
 O severe tachycardia 
 O a weak- volume pulse (ideally assess centrally: brachial, 

femoral or carotid) 
 O low blood pressure (this is a late sign, and very diffi cult 

to measure in young children) 
 O extreme central pallor (if due to severe anaemia) 
 O raised respiratory rate (due to acidosis) 
 O poor skin circulation, with a CRT of > 3 seconds 
 O reduced conscious level.

Remember that anaphylaxis is one cause of shock, and 
typically there is a relevant history and other signs such as 
angio- oedema and urticaria.

Remember that if shock is due to heart failure, fl uid over-
load will be fatal (for information on how to recognise and 
manage shock caused by heart failure, see Section 2.7.A).

Resuscitation in shock
For cardiac arrest or near arrest, chest compressions 
should be undertaken (for information on basic and 
advanced life support, see Sections 1.12 and 1.13).

Ensure that there is an open and secure airway.
Give high- fl ow oxygen to any patient who has an 

inadequate circulation (whether due to shock or to heart 
failure). This should be administered via a face mask with 
a reservoir bag (or an endotracheal tube if intubation has 
been necessary).

Venous or intra- osseous access should be obtained 
and blood for essential tests taken (haemoglobin, cross- 
matching, blood clotting factors, and urea and electrolytes 
if possible).

Lateral tilt
In pregnancy and after 20 weeks’ gestation (whenever the 
uterus can be palpated abdominally), place the patient in 
the left lateral tilt position to prevent uterine pressure on the 
abdominal and pelvic veins stopping blood return to the heart.

In all patients with shock, lie them fl at (or tilted) and 
elevate the legs. 

Fluids in shock
In most cases of shock, if obvious bleeding is the cause then 
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the fi rst priority must be to stop this. IV or IO fl uids are then 
required as the immediate resuscitation treatment, once the 
airway has been opened and secured and oxygen is being 
given. However, different causes of shock require different 
approaches to treatment, as described below. 

 O If loss of fl uid causing hypovolaemia is the cause of 
shock: for infants and children give an immediate IV/IO 
bolus of 10–20 mL/kg of crystalloid (usually Ringer- 
lactate or Hartmann’s solution) as appropriate for 
weight (see below), provided that heart failure is not 
present (see above). For pregnant women and girls, give 
an IV bolus of 500–1000 mL of crystalloid. 

For a child, weight can be estimated on the basis that 
birth weight doubles by 5 months, triples by 1 year, and 
quadruples by 2 years.

After 12 months of age, the following formula can 
be applied, but it needs to be modifi ed according to 
whether the child is small or large compared with the 
average:

weight (kg) = 2 × (age in years + 4)

 O If the loss of fluid causing shock is due to severe 
gastroenteritis, there will usually be evidence of 
severe dehydration and a history of profound or long- 
standing diarrhoea. Give 20 mL/kg of Ringer- lactate or 
Hartmann’s solution as an initial IV or IO bolus as rap-
idly as possible, reassess, and then repeat if necessary. 
In cases of cholera, up to 60 mL/kg might be required 
in children, and 3 litres in pregnant mothers. Additional 
potassium will usually be required (see Section 5.12.A).

 O If the loss of fl uid causing shock is due to bleeding, 
which is one of the commonest causes in pregnancy, 
give crystalloid immediately and then try to obtain blood 
for transfusion as rapidly as possible, ideally fresh blood. 
Give O- negative blood if this is available.

The concept of targeted crystalloid fl uid resus-
citation is important and requires urgent research into 
management if the cause of hypovolaemic shock is 
haemorrhage due to penetrating injury in trauma or 
to obstetric haemorrhage such as ruptured ectopic 
pregnancy. Here the initial boluses of IV crystalloids 
required to treat shock would only be given to keep the 
vital organs (especially the brain, heart and kidneys) per-
fused before surgery and/or specifi c medical treatments 
to stop the bleeding have started to take effect. Fresh 
blood is particularly useful to combat the coagulopathy 
that occurs in major blood loss if specifi c coagulation 
components such as platelets are unavailable.

Giving too much IV crystalloid can increase the 
blood pressure and theoretically increase bleeding by 
disrupting early clot formation. IV crystalloid also dilutes 
the red cells (and coagulation factors) in the circulation, 
but whether or not this could reduce oxygen- carrying 
capacity requires further research. 

We suggest that when giving boluses of crystalloid in 
shock due to bleeding (before blood is available and 
before procedures undertaken to stop haemorrhage 
are effective) in patients with penetrating major trauma 
or obstetric haemorrhage, only the amount needed to 
maintain the blood pressure at a level suffi cient to per-
fuse the vital organs is given. There is no clear evidence 
to indicate the precise blood pressure that should be 
achieved in pregnant women or in children who are in 

shock due to haemorrhage. Adequate perfusion of 
vital organs may best be indicated by a radial pulse 
that can be palpated and a conscious level of A or V 
on the AVPU scale (i.e. the woman or child is either 
awake or will respond by opening their eyes when 
spoken to). During pregnancy, the adequacy of the 
fetal heart rate may also be helpful. 

In children under 2–3 years of age, the radial pulse 
may be diffi cult to feel and the presence of a palpable 
brachial pulse may be the best available indicator at 
present. 

In this situation, therefore, and to maintain a pal-
pable radial pulse in pregnancy, start with IV boluses 
of 500 mL of crystalloid or ideally blood, and reassess 
after each bolus.

In children, in order to maintain a radial or brachial 
pulse give 10 mL/kg IV boluses of crystalloid or ideally 
blood, and reassess after each bolus. 

In situations where there is brisk active blood loss 
and delay in obtaining blood or effective intervention to 
halt the bleeding, several boluses of crystalloids may 
be required. The importance of undertaking measures 
to halt the bleeding and obtaining blood for transfusion 
rapidly cannot be overstated.

 O If shock is due to septicaemia with purpura (meningo-
coccus or dengue), give IV or IO boluses of Ringer- lactate 
or Hartmann’s or 0.9% saline as fast as possible, 20 mL/
kg in children and 1 litre in pregnant mothers, and then 
reassess. Usually at least 40 mL/kg in children and 2–3 
litres in pregnant mothers will be required to overcome 
shock (see Section 2.5.A). In this situation, inotropes 
may be valuable if they are available and safe to use 
(see Section 2.5.A).

 O If shock is due to anaphylaxis, give adrenaline, 
10 micrograms/kg (0.1 mL/kg of 1 in 10 000) IM in 
children and 1 mg (1 mL of 1 in 1000) IM in pregnant 
mothers, in addition to IV or IO fl uid.

 O If shock is due to diabetic ketoacidosis, there will 
usually be evidence of severe dehydration and coma. 
Give 10 mL/kg of 0.9% saline (or Ringer- lactate or 
Hartmann’s solution) as an initial IV bolus as rapidly 
as possible, reassess, and then repeat if necessary. 
Once shock has been initially managed, give fl uid more 
cautiously, as overloading can cause cerebral oedema 
and death in patients with this condition.

 O If shock is due to severe anaemia, IV crystalloid boluses 
such as Ringer- lactate or Hartmann’s solution must be 
given with extreme care (due to the risk of heart failure). 
As soon as possible, give blood carefully (10 mL/kg in 
children and 50 mL in pregnant mothers, over 15 min-
utes) and then reassess and repeat if it is safe to do so. 

Partial exchange transfusion may be helpful in this 
situation, especially if it is possible to access a large 
superfi cial vein in the antecubital fossa. Successively 
remove 20- mL aliquots of the patient’s blood and 
replace each 20 mL with 40 mL of packed donor red 
blood cells until shock has resolved. 

Heart failure
This life- threatening situation can be seen in severe anae-
mia, after fluid overload, in the presence of structural 
heart disease and with severe hypertension (usually in 
pregnancy). It is important to distinguish heart failure from 
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shock, as the resuscitation required is different. Some of 
the following signs will be present in heart failure:

 O tachycardia out of proportion to respiratory diffi culty 
 O severe palmar pallor (if anaemia is the cause)
 O raised jugular venous pressure 
 O gallop rhythm on auscultation of the heart
 O some heart murmurs (if structural heart defect is 

responsible)
 O an enlarged, sometimes tender, liver
 O crepitations on listening to the lung bases
 O cyanosis that does not respond to oxygen in the case of 

infants with cyanotic congenital heart disease.

In pregnancy, severe hypertension can cause heart fail-
ure (check the blood pressure; patients with values above 
170/110 mmHg can present with heart failure).

Resuscitation for heart failure 
1 Sit the patient up.
2 Give oxygen.
3 Give furosemide 1–2 mg/kg by IV/IO injection in children 

and 40 mg IV in pregnant mothers.
4 Consider giving morphine (50 micrograms/kg in children 

and 3 mg in pregnant mothers), and reassess. Morphine 
should be used with caution, especially in patients with 
altered mental status and impaired respiratory drive.

5 If the patient has severe anaemia, consider exchange 
transfusion.

Situations where emergency treatment is given in heart 
failure with shock
1 Supraventricular tachycardia (usually in a child) can 

cause both shock and heart failure. The heart rate will be 
> 180 beats/minute, and in infants can reach > 220 beats/
minute. If available, ECG will confi rm tachycardia. Treat by 
vagal manoeuvres, defi brillation if available, or adeno-
sine if rapid IV access is available (see Section 5.4.C).

2 In ventricular tachycardia, defi brillation is needed if 
shock is present (see Section 1.13).

3 If congenital or rheumatic heart disease or cardio-
myopathy is the cause of heart failure, inotropes or 
digoxin may be appropriate, but specialist advice will 
be needed.

4 If cyanotic congenital heart disease in the newborn is 
the cause of shock, give prostaglandin E2, but specialist 
paediatric advice will be necessary (see Section 5.4.A). 

Primary assessment and resuscitation of 
neurological failure (disability)
Always assess and treat Airway, Breathing and 
Circulation problems before undertaking neurological 
assessment.

Primary assessment
Conscious level: AVPU
Alert is the normal state for an awake person. If the patient 
does not respond to Voice (i.e. being spoken to and asked 
‘Are you all right?’), it is important that assessment of the 
response to Pain is undertaken next. A painful central 
stimulus can be delivered by sternal pressure, by supra- 
orbital ridge pressure or by pulling frontal hair. A patient 
who is Unresponsive or who only responds to pain has 
a signifi cant degree of coma which can seriously interfere 
with vital Airway and Breathing functions.

Fits
Generalised convulsions, also known as ‘fi ts’ or ‘seizures’, 
can seriously interfere with vital Airway and Breathing func-
tions, both during the fi t itself and immediately afterwards, 
when lowered levels of consciousness may be present.

Posture
Many patients who have a serious illness in any system are 
hypotonic. Stiff posturing, such as that shown by decorti-
cate (fl exed arms, extended legs) or decerebrate (extended 
arms, extended legs) posturing, is a sign of serious brain 
dysfunction. These postures can be mistaken for the 
tonic phase of a convulsion. Alternatively, a painful stimu-
lus may be necessary to elicit these postures.

Severe extension of the neck due to upper airway 
obstruction can mimic the opisthotonus that occurs with 
meningeal irritation. In infants, a stiff neck and full fontanelle 
are signs that suggest meningitis.

Pupils
Many drugs and cerebral lesions have effects on pupil size 
and reactions. However, the most important pupillary signs 
to seek are dilatation, unreactivity and inequality, which 
suggest possible serious brain disorders.

Always check blood glucose levels or suspect hypogly-
caemia in any unwell infant or young child, especially if they 
have impaired consciousness. 

Hypoglycaemia with a blood glucose level of less 
than 2.5 mmol/L (45 mg/dL) can cause impaired con-
sciousness, coma or fi ts.

Respiratory effects of central neurological failure
The presence of any abnormal respiratory pattern in a 
patient with coma suggests mid-  or hindbrain dysfunction.

Circulatory effects of central neurological failure
Systemic hypertension with sinus bradycardia (Cushing’s 
response) indicates compression of the medulla oblongata 
caused by herniation of the cerebellar tonsils through the 
foramen magnum. This is a late and pre- terminal sign.

Raised intracranial pressure (ICP) may cause:
 O hyperventilation
 O slow sighing respirations
 O apnoea
 O hypertension
 O bradycardia.

Resuscitation
1 If the patient is unconscious (P or U on the AVPU scale) 

but their airway and breathing are adequate, place them 
in the recovery position, so that if they vomit there is 
less likelihood of aspiration because when unconscious, 
the gag refl ex may not be operative.

2 If the patient is unconscious or fi tting, always give 
oxygen.

3 If hypoglycaemia is a cause of reduced consciousness 
(or a suspected cause, but immediate blood glucose 
measurements are not possible), treatment with glucose 
is urgently required. Give 2–5 mL/kg of 10% glucose IV 
or IO in children (see Section 5.8.B) and 100 mL of 25% 
glucose IV or IO in pregnant mothers. (Make 100 mL of 
25% glucose by adding 50 mL of 50% glucose to 50 mL 
of Ringer- lactate or Hartmann’s solution).

If IV or IO access is not immediately available in a 
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child, give sublingual sugar, 1 teaspoonful moistened 
with 1 to 2 drops of water. Children should be moni-
tored for early swallowing which leads to delayed 
absorption, and in this case another dose of sugar 
should be given. Continue to attempt IV or IO access, 
as parenteral glucose is a more reliable method of treat-
ing hypoglycaemia.

If sublingual sugar is given, repeat the doses at 
20- minute intervals.

Recheck the blood glucose level after 20 minutes, 
and if the level is low (< 2.5 mmol/litre or < 45 mg/
dL), repeat the IV/IO glucose (5 mL/kg) or repeat the 
sublingual sugar.

4 If fi tting occurs in pregnancy, give magnesium sulphate 
(see Section 2.5.E).

5 If fi tting occurs in an infant or child and continues in your 
presence for more than 5 minutes and there is no hypo-
glycaemia, give IV or rectal anticonvulsants. Always 
make sure that a bag and mask are available in case the 
patient stops breathing, which is a possibility. Commonly 
used anticonvulsants in this situation are diazepam or, if 
there is no IV access, rectal diazepam, rectal paralde-
hyde or buccal midazolam (see Section 5.16.E).

 O IV or IO diazepam: 250 micrograms/kg IV over 
5 minutes

 O rectal diazepam: 500 micrograms/kg 
 O rectal paraldehyde: 0.4 mL/kg
 O buccal midazolam: 300 micrograms/kg.

6 To gain time in acutely raised intracranial pressure 
(e.g. in cases of head injury), consider the use of IV 
mannitol, 250 –500 mg/kg, which will draw fl uid out of 
the brain for a short while, thereby temporarily reducing 
the ICP. Because the effect of mannitol is only short- lived 
(a matter of hours), it is used to gain time while defi nitive 
care is being set up (e.g. surgical intervention to drain 
an extradural or subdural haematoma).

7 In any case where meningitis or encephalitis is sus-
pected, it is vital that suitable antibiotics and/or antiviral 
drugs are started IV or IO as soon as the condition is 
suspected (see Sections 2.7.E, 3.4, 5.16.B and 5.16.C). 
Antibiotic choices might include cefotaxime or chlo-
ramphenicol, penicillin, amoxicillin and gentamicin 
in the newborn. Consider adjunctive treatment with 
dexamethasone 150 micrograms/kg every 6 hours for 
4 days starting before or with the fi rst antibiotic dose. 
Do not use dexamethasone in cases where there is also 
septic shock (e.g. in meningococcal disease).

Secondary assessment and emergency 
treatments
The secondary assessment takes place once vital func-
tions have been assessed and the initial resuscitation of 
those vital functions has been started. Primary assessment 
and resuscitation can usually be undertaken in less than 
1 minute if the patient does not have a life- threatening air-
way, breathing, circulation or neurological problem.

Secondary assessment includes a focused medi-
cal history, a focused clinical examination and specifi c 
investigations. It differs from a standard medical history 
and examination in that it is designed to establish which 
emergency treatments might benefi t the patient. Time is 
limited, and a focused approach is essential. At the end 
of secondary assessment, the practitioner should have a 

better understanding of the illness or component of injury 
likely to be affecting the patient, and may have formulated a 
differential diagnosis. Emergency treatments will be appro-
priate at this stage – to treat either specifi c disorders (e.g. 
asthma) or conditions (e.g. raised intracranial pressure). 
Emergency treatments will be undertaken at this stage in 
addition to those given as part of resuscitation/life- saving 
treatments, in order to manage specifi c components of seri-
ous illnesses or injuries (e.g. steroids for asthma, Caesarean 
section for antepartum haemorrhage). The establishment 
of a defi nite diagnosis is part of defi nitive care.

The history often provides the vital clues. In the case 
of infants and children, the history is often obtained from an 
accompanying parent, although a history should be sought 
from the child if possible. Do not forget to ask any health 
worker who has seen the patient about the initial condition 
and about treatments and the response to treatments that 
have already been given.

Some patients will present with an acute exacerbation/
complication of a known condition, such as pregnancy, 
asthma or epilepsy. Such information is helpful in focusing 
attention on the appropriate system, but the practitioner 
should be wary of dismissing new pathologies in such 
patients. The structured approach avoids this problem. 
Unlike trauma (see Section 7), illness affects systems 
rather than anatomical areas. The secondary assessment 
must refl ect this, and the history of the complaint should 
be sought with special attention to the presenting system 
or systems involved. After the presenting system has been 
dealt with, all of the other systems should be assessed 
and any additional emergency treatments commenced 
as appropriate.

The secondary assessment is not intended to complete 
the diagnostic process, but rather it aims to identify any 
problems that require emergency treatment.

An outline of a structured approach in the fi rst hour of 
emergency management is given below. It is not exhaus-
tive, but addresses the majority of emergency conditions 
that are amenable to specifi c emergency treatments in 
this time period.

The symptoms, signs and treatments relevant to each 
emergency condition are elaborated further in the relevant 
sections of the textbook.

Secondary assessment of airway and 
breathing

TABLE 1.11.4 Airway and breathing: signs and symptoms

Common 
symptoms

Clinical signs Emergency 
investigations

Breathlessness 
Coryza
Tachypnoea
Choking
Cough
Abdominal pain 
Chest pain
Apnoea
Feeding 
diffi culties

Bubbly noises in throat
Cyanosis
Recession
Noisy breathing 
– stridor
Drooling and inability 
to drink
Wheeze
Tracheal shift
Abnormal percussion 
note

Oxygen saturation
Blood culture 
(if infection is 
suspected)
Chest X- ray 
(selective)

(continued )



42

International Maternal & Child Health Care

Common 
symptoms

Clinical signs Emergency 
investigations

Hoarseness
Chest pain

Crepitations on 
auscultation
Acidotic breathing
Grunting

ECG (if pulmonary 
embolus is 
suspected) 
(selected and if 
available)

Examples of emergency treatment for airway 
and breathing

 O If in a young child there is a harsh stridor associated 
with a barking cough and severe respiratory distress, 
upper airway obstruction due to severe croup should 
be suspected. Nebulised adrenaline will already have 
been given as resuscitation, but now give oral predni-
solone as emergency treatment (see Section 5.1.A).

 O If there is a quiet stridor and drooling in a sick- looking 
child, consider epiglottitis or bacterial tracheitis. 
Intubation is likely to be urgently required, preferably by 
an anaesthetist, and is initial resuscitation if the airway 
is completely closed. Do not put the airway at risk by 
performing unpleasant or frightening interventions. Give 
intravenous antibiotics as emergency treatment, 
but only after the airway has been secured (see 
Section 5.1.A). A surgical airway may also be needed 
as emergency treatment or as resuscitation if intubation 
is not possible, so contact a surgeon.

 O With a sudden onset and signifi cant history of inhala-
tion, consider a laryngeal foreign body. If the ‘choking’ 
protocol has been unsuccessful, the patient may require 
laryngoscopy (see Section 1.12). Do not put the airway 
at risk by performing unpleasant or frightening inter-
ventions, but contact an anaesthetist/ENT surgeon 
urgently. However, in extreme, life- threatening cases, 
immediate direct laryngoscopy as part of resuscitation 
to remove a visible foreign body with Magill’s forceps 
may be necessary.

 O Stridor following ingestion or injection of a known aller-
gen suggests anaphylaxis (see Section 5.1.B). Patients 
in whom this is likely should have received IM and 
nebulised adrenaline (10 micrograms/kg for a child and 
1 mg for an adult) as resuscitation treatment. IV or oral 
steroids would then be part of emergency treatment.

 O Patients with a history of asthma or with wheeze, signifi -
cant respiratory distress and/or hypoxia should receive 
inhaled salbutamol and oxygen as resuscitation, but then 
need oral steroids and further inhaled bronchodila-
tors as emergency treatment (see Section 5.2.B).

 O Infants with wheeze and respiratory distress are likely 
to have bronchiolitis, and require oxygen, as well as 
clearing of nasal secretions as resuscitation, and IV or 
NG fl uids as emergency treatment (see Section 5.2.A).

 O In acidotic breathing, measure blood glucose levels 
to confi rm diabetic ketoacidosis. A bolus of IV Ringer- 
lactate or Hartmann’s solution will already have been 
given as resuscitation for any shock due to dehydration, 
and insulin can now be given as emergency treatment 
(see Section 5.8.A).

 O In clinically suspected pulmonary embolus in pregnancy, 
IV unfractionated heparin should be given as resus-
citation, and subcutaneous low- molecular- weight 
heparin should be given as emergency treatment (see 
Section 2.5.H).

Secondary assessment of circulation

TABLE 1.11.5 Circulation: signs and symptoms

Common 
symptoms

Signs Emergency 
investigations

Haemorrhage 
Breathlessness 

Palpitations

Feeding 
diffi culties

Abdominal pain 

Chest pain 

Apnoea 

Feeding 
diffi culties 

Hoarseness 

Drowsiness

Tachycardia or bradycardia

Abnormal pulse volume or 
rhythm

Abnormal skin perfusion 
or colour

Haemorrhage or hidden 
haemorrhage

Severe malnutrition

Fever

Hypotension or 
hypertension

Cyanosis 

Pallor

Enlarged liver

Lung crepitations

Reduced urine output 

Cardiac murmur

Peripheral oedema

Raised jugular venous 
pressure

Gallop rhythm on 
auscultation of the heart

Dehydration

Purpuric rash

Oxygen 
saturation

Blood culture 
(if infection is 
suspected)

Chest X- ray 
(selective)

ECG (selective 
and if available)

Haemoglobin

Urea and 
electrolytes (if 
available)

Clotting studies 
(if available)

Malarial 
parasites

Examples of emergency treatment for 
circulation

 O Further IV/IO boluses of fl uid should be considered in 
shocked patients with hypovolaemia from gastroenteritis 
or with sepsis who have not shown a sustained improve-
ment in response to the fi rst bolus given at resuscitation 
(see Sections 2.5.A, 5.5.B and 5.5.C). 

 O However, in trauma, if there is uncontrolled internal 
bleeding, early surgical intervention has priority, and 
too much IV fl uid may be harmful. Continued blood 
transfusion is an emergency treatment after the initial 
resuscitation (see Section 7.3.A).

 O Consider inotropes, intubation and central venous 
pressure monitoring, if available, as emergency treat-
ment for shock (see Section 2.5.A).

 O Consider IV broad- spectrum antibiotics as emergency 
treatment for shock in patients with no obvious fl uid loss, 
as sepsis is likely. Antibiotics are essential if purpura is 
present, as a diagnosis of meningococcal infection is 
likely (see Section 6.1.G).

 O If a patient has a cardiac arrhythmia, the appropriate 
protocol should be followed after initial resuscitation 
(see Section 5.4.C).

 O If anaphylaxis is suspected, IM adrenaline 10 micro-
grams/kg in children, or 1 mg in pregnant mothers, in 
addition to fl uid boluses, should be given as resuscitation 
treatment, and steroids and antihistamines should 
be given as emergency treatment (see Sections 5.1.B 
and 2.7.C).

 O Targeted treatment is needed for obstetric emergencies 
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that are known to cause shock. These include sepsis 
(for which antibiotics are needed), and antepartum 
or postpartum haemorrhage (for which specifi c treat-
ment including medication and urgent surgery is 
needed together with replacement of lost blood (see 
Sections 2.5.D.i, iii and iv).

 O Surgical advice and interventions for certain gastroin-
testinal emergencies such as volvulus would constitute 
emergency treatment. The following symptoms and 
signs may suggest intra- abdominal emergencies: vom-
iting, abdominal pain, abdominal tenderness and/or 
rigidity, lack of bowel sounds, rectal bleeding, abdominal 
mass (see Section 5.19).

Secondary assessment of neurological 
failure (disability)

TABLE 1.11.6 Neurological failure: signs and symptoms

Common 
symptoms

Signs Emergency 
investigations

Headache
Drowsiness
Vomiting
Behavioural 
changes
Visual 
disturbance

Altered conscious level
Convulsions
Bradycardia
Altered pupil size and 
reactivity
Abnormal postures
Meningism
Fever 
Papilloedema or retinal 
haemorrhage
Altered deep tendon 
refl exes
Hypertension

Blood glucose
Oxygen 
saturation
Blood culture 
(if infection is 
suspected)
Haemoglobin
Urea and 
electrolytes (if 
available)
Malarial 
parasites

Examples of emergency treatment for 
neurological failure

 O If hypoglycaemia with a blood glucose level of less 
than 2.5 mmol/L (45 mg/dL) is a possible diagnosis, it 
will have been treated as part of resuscitation, but the 
prevention of further hypoglycaemia by IV glucose infu-
sion represents emergency treatment. Remember that 
there will be a reason for the hypoglycaemia, so further 
monitoring and treatment are needed until the child is 
drinking appropriate fl uids or has an IV infusion in place 
through which dextrose can be given.

 O If convulsions persist after initial anticonvulsant drugs, 
treatment with further doses of anticonvulsants (see 
Sections 2.5.E, 2.7.E and 5.16.E) represents emergency 
treatment. 

 O If there is evidence of raised intracranial pressure (i.e. 
decreased conscious level, abnormal posturing and/
or abnormal ocular motor refl exes), the patient should 
receive oxygen and bag-valve-mask ventilation as resus-
citation, if they have apnoea or slow or poor breathing. 
Emergency treatment could include:

 — nursing with head in- line and 20–30 degrees head- up 
position (to aid cerebral venous drainage) 

 — repeat IV infusion with mannitol 250–500 mg/kg over 
15 minutes; however, the treatment becomes less 
effective with each dose (see Section 7.3.C)

 — in more long- standing raised ICP, caused by tumours 
in the brain, dexamethasone will help to reduce raised 
ICP for a few days while specialist neurosurgical inter-
vention is sought, or as palliation (see Section 5.14). 
The initial dose is 25 mg for patients over 35 kg and 
20 mg for patients less than 35 kg, followed by a 
sliding scale of 4 mg every 3 hours for 3 days, then 
every 6 hours for 1 day, and continuing to decrease 
by 1–2 mg per day.

 O In patients with a depressed conscious level or convul-
sions, antibiotics are urgently required, but then consider 
encephalitis and give acyclovir as appropriate, as emer-
gency treatment (see Sections 2.7.E and 5.16.C).

 O In unconscious patients with pinpoint pupils, consider 
the possibility of opiate poisoning. After supporting 
breathing if necessary, a trial of naloxone should be given 
as emergency treatment (see Section 1.15).

Developmental and family history
Particularly in a small child or infant, knowledge of the child’s 
developmental progress and immunisation status may 
be useful. The family circumstances may also be helpful, 
and asking about these may sometimes prompt parents 
to remember other details of the family’s medical history.

Drugs and allergies
Any medication that the patient is currently taking, or has 
taken, should be recorded. In addition, if poisoning is a 
possibility, ask about any medication in the home that 
a child might have had access to. A history of allergies 
should be sought.

1.12 Basic life support for children and pregnant 
mothers

Introduction
Basic life support (BLS) is a technique that can be employed 
by one or more rescuers to support the respiratory and 
circulatory functions of a collapsed patient using no or 
minimum equipment. 

Resuscitation from cardiac arrest in 
pregnant women and in children
The international guidelines for resuscitation from cardiac 
arrest (European Resuscitation Council, 2010) detail two 
approaches to basic life support. One is for adults and the 
other for children.
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The ‘adult’ programme is predicated on resuscitation 
from a sudden cardiac event (e.g. ventricular fi brillation 
from a coronary occlusion) in a patient who was ventilating 
before the event and therefore has oxygen in their blood. 
In this group, chest compressions to move the oxygen-
ated blood into the coronary and cerebral arteries are of 
prime importance, and therefore the rescuer’s sequence of 
actions after assessment starts with chest compressions, 
not rescue breaths.

The sequence of actions in the ‘child’ programme is 
predicated on a hypoxic event (including any respiratory 
failure or obstruction, or hypoxia at a cellular level as seen in 
shock). In this type, re- establishing oxygenation is of prime 
importance, and moving the oxygenated blood to the coro-
nary and cerebral arteries is the second step. Therefore the 
rescuer’s sequence of actions after assessment starts with 
rescue breaths and then moves on to chest compressions.

The ‘child’- type cardiac arrest is seen in almost all chil-
dren (excluding those rare arrhythmic events in children with 
congenital or acquired heart disease and those in whom 
sudden, unexpected collapse is preceded by apparent 
normal respiratory and circulatory function), and in adults 
who have a terminal acute illness involving respiratory or 
circulatory pathology. This includes patients who have 
had convulsions, trauma (including drowning), poisoning, 
bleeding, sepsis, etc.

In addition, international guidelines on resuscitation from 
cardiac arrest agree that, where possible, guidelines should 
be simplifi ed as there is evidence that complex guidelines 
cause ‘provider paralysis’, resulting in no or poor life- saving 
effort being made.

In view of the above, the Advanced Life Support Group 

(ALSG)/Maternal Childhealth Advocacy International (MCAI) 
programme for resource- limited countries teaches a pro-
gramme of basic life support for infants, children and 
pregnant mothers which refl ects the known pathologies 
in these groups (i.e. respiratory and circulatory causes 
of cardiac arrest) and recognises that the clinicians who 
provide resuscitation attend patients of all ages.

The sequence taught therefore includes fi ve preliminary 
rescue breaths and a subsequent ratio of 15:2.

Because of minor differences in technique based on 
anatomical differences between the groups, children are 
classifi ed into two groups:

 O infants (< 1 year of age) 
 O children between 1 year of age and puberty.

Basic life support for infants, children 
and pregnant mothers (see Figures 
1.12.1 and 1.12.2)
The initial approach: the three S’s
Safety: it is essential that the rescuer does not become a 
second victim. Therefore they should approach the patient 
with care, and remove the patient from any continuing 
source of danger if necessary. 

Stimulate: ask the question ‘Are you all right?’ in order 
to establish the state of consciousness of the patient. 

Shout: this is essential because help will be needed.
If more than one rescuer is present, one person should 

start basic life support. The second person should activate 
the Emergency Medical Services (EMS) system and then 
returns to assist in the basic life support effort. 

If the patient is an infant or pre- pubertal child, and there 

Shockable
VF/

pulseless VT
Asystole/ 

PEA

SAFETY
Approach with care
Free from danger?

SHOUT
for help

Airway opening 
manoeuvres

Look, listen, feel

5 rescue breaths

Check for signs of life
Check pulse 

Take no more than 10 seconds 

CPR
15 chest compressions: 2  ventilations

STIMULATE
Are you all right?

Non-shockableAssess 
rhythm

FIGURE 1.12.1 Algorithm for basic life support in infants and children. CPR, cardiopulmonary resuscitation; VF, ventricular fi brillation; VT, 
ventricular tachycardia; PEA, pulseless electrical activity.
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is only one rescuer and no help has arrived, the rescuer 
should open the airway, deliver the fi ve rescue breaths 
and give 1 minute of cardiopulmonary resuscitation (CPR), 
and then activate the EMS system (if one is available) 
using a mobile phone if available so as to continue CPR. 
If a mobile is not available and the patient is a baby, the 
rescuer will probably be able to carry them to a telephone 
while continuing CPR. 

Similarly, if the patient is a pregnant mother, and there 
is only one rescuer, they should activate the EMS system, 
where one is available, if no help has arrived in response to 
the initial shout for help after opening the airway, delivering 
the fi ve rescue breaths and giving 1 minute of CPR.

‘Are you all right?’
An initial simple assessment of responsiveness consists of 
asking the patient ‘Are you all right?’ and gently shaking 
them by the shoulder. Infants may make some noise or 
open their eyes.

In cases associated with trauma, or possible trauma, the 
cervical spine should be immobilised during this procedure 
by placing one hand fi rmly on the forehead while one of the 
patient’s shoulders is shaken.

Airway- opening actions
An obstructed airway may be the primary problem, and cor-
rection of the obstruction can result in recovery without the 
need for further intervention. If the patient is unconscious 
but breathing, the recovery position should be used. For 
pregnant mothers the left lateral position must be adopted 
(see Section 2.5).

SAFETY
Approach with care
Free from danger?

STIMULATE
Are you all right?

Airway opening manoeuvres
Head tilt/chin lift sniffing
Jaw thrust only if trained and 
competent

LOOK for adequate chest movements
LISTEN for breath sounds

FEEL for breaths  
For 10 seconds

IS BREATHING ADEQUATE?

NO

RECOVERY POSITION
GET HELP

REASSESS REGULARLY

15 chest 
compressions

5 rescue breaths

Remove outer clothing
Centre of chest

2 hands

OPEN AIRWAY
2  BREATHS TO 15 COMPRESSIONS

Caesarean section  should be viewed as part of the resuscitation of the mother, and the 
baby should be delivered within 5 minutes of cardiac arrest regardless of the state of the 

fetus

Agonal gasps = not adequate
If doubt = not adequate

YES

Check for signs of life or
FIND pulse

Take no more than 10 seconds     Hard surface
   Manually displace uterus or 

15 30 degree lateral  tilt  
using pillow

 Compress chest by one-third 
A-P diameter (4–

–

5 cm)

SHOUT FOR HELP

FIGURE 1.12.2 Algorithm for basic life support in pregnant women.

FIGURE 1.12.4 Head tilt with chin lift in ‘sniffi ng’ position for the 
child and mother.

FIGURE 1.12.3 Head tilt with chin lift in neutral position for the 
infant.
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If the patient is not breathing, this may be because the 
airway is blocked by the tongue falling back and obstructing 
the pharynx. Attempt to open the airway using the head 
tilt/chin lift manoeuvre. The rescuer places their nearest 
hand on the patient’s forehead, and applies pressure to tilt 
the head back gently. The correct positions are ‘neutral’ in 
the infant (0–1 year of age) (see Figure 1.12.3) or ‘sniff-
ing’ (nose up in the air) in the child or pregnant mother 
(see Figure 1.12.4).

The fi ngers of the other hand should then be placed 
under the chin, and the chin of the supine patient should 
be lifted upwards. As this action may close the patient’s 
mouth, it may be necessary to use the thumb of the same 
hand to part the lips slightly.

As an alternative to the head tilt/chin lift, the jaw thrust 
manoeuvre can be very effective, but requires more training 
and experience.
 

FIGURE 1.12.5 Jaw thrust to open airway.

Jaw thrust is achieved by placing two or three fi ngers 
under the angle of the mandible bilaterally, and lifting the 
jaw upward (see Figure 1.12.5). This is potentially safer than 
the head tilt/chin lift if there is a history of major trauma, as 
the latter manoeuvre may exacerbate a cervical spine injury. 

BUT airway opening is always the most important action 
which must be achieved, and should always take precedence 
over concerns about a possible cervical spine injury.

Patency of the airway should then be assessed by:
 O looking for adequate chest movements
 O listening for breath sounds
 O feeling for breaths.

This is best achieved by the rescuer placing their face 
above that of the patient, with the ear over the nose, the 
cheek over the mouth, and the eyes looking along the line 
of the chest. They should take no longer than 10 seconds 
to assess breathing.

If there is anything obvious in the mouth and it is easy 
to reach, remove it.

Do not perform a blind fi nger sweep in the mouth. A 
blind fi nger sweep can damage the soft palate, and foreign 
bodies may be forced further down the airway and become 
lodged below the vocal cords.

Breathing actions
If airway- opening techniques do not result in the resumption 
of adequate breathing within 10 seconds, and a self- infl ating 
bag–mask system is not available, then the rescuer should 
commence mouth- to- mouth or mouth- to- mouth- and- nose 
exhaled air resuscitation.

Defi nition of adequate breathing
A patient may have very slow or shallow breathing, or take 
infrequent, noisy, agonal gasps. Do not confuse this with 
normal breathing.

Rescue breaths
If in doubt about the adequacy of breathing, fi ve initial res-
cue breaths should be given. While the airway is held open, 
the rescuer breathes in and seals their mouth around the 
patient’s mouth or mouth and nose (in the case of infants) 
(see Figures 1.12.6 and 1.12.7). If the mouth alone is used, 
the nose should be pinched using the thumb and index 
fi nger of the hand maintaining head tilt. Slow exhalation, 
1–2 seconds, by the rescuer should result in the patient’s 
chest rising. The rescuer should take a further breath him-  
or herself before the next rescue breath.

FIGURE 1.12.6 Mouth-to-mouth and nose breaths in neutral 
position for an infant.

FIGURE 1.12.7 Mouth-to-mouth breaths with pinched nose in 
sniffi ng position for a child or mother.

As children and mothers vary in size, only general guid-
ance can be given regarding the volume and pressure of 
inflation (see Box 1.12.1). 
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BOX 1.12.1 General guidance for exhaled air 
resuscitation

 Q The chest should be seen to rise.
 Q Slow breaths at the lowest pressure reduce gastric 

distension.
 Q Firm gentle pressure on the cricoid cartilage may reduce 

gastric distension with air.

If the chest does not rise, the airway is not clear. The usual 
cause is failure to correctly apply the airway- opening 
techniques discussed earlier. The fi rst step is to readjust 
the head tilt/chin lift position and try again. If this is not 
successful, jaw thrust should be tried. If two rescuers are 
present, one should maintain the airway while the other 
breathes for the patient. 

Failure of both head tilt/chin lift and jaw thrust should 
lead to suspicion that a foreign body is causing the obstruc-
tion (see below).

While performing rescue breaths, the presence of a 
gag refl ex or coughing is a positive sign of life (see below).

Circulation actions
Once the initial fi ve breaths have been given successfully, 
circulation should be assessed and managed.

Check signs of life and/or pulse (take no 
more than 10 seconds)
Even experienced health professionals can fi nd it diffi cult 
to be certain that the pulse is absent within 10 seconds, 
so the absence of ‘signs of life’ is the best indication for 
starting chest compressions. ‘Signs of life’ include move-
ment, coughing, gagging or normal breathing (but not 
agonal gasps, which are irregular, infrequent breaths). Thus 
the absence of evidence of normal breathing, coughing 
or gagging (which may be noticed during rescue breaths) 
or any spontaneous movement is an indication for chest 
compressions. 

Inadequacy of circulation is also indicated by the 
absence of a central pulse for up to 10 seconds, but it 
can be diffi cult and therefore time wasting to be certain 
about this – hence the current emphasis on assessing the 
presence of ‘signs of life’.

In babies and young children, if a slow pulse (less than 
60 beats/minute) is felt, this is still an indication for chest 
compressions. In children and pregnant mothers, the 
carotid pulse in the neck can be palpated. However, infants 
generally have a short fat neck, so the carotid pulse may be 
diffi cult to identify. The brachial artery in the medial aspect 
of the antecubital fossa or the femoral artery in the groin 
should be felt in infants. If there are no signs of life and/or 
a pulse is absent for up to 10 seconds, start chest com-
pressions. Compressions should also be started if in an 
infant or young child there is an inadequate heart rate (less 
than 60 beats/minute), but only if this is accompanied 
by signs of poor perfusion, which include pallor, lack of 
responsiveness and poor muscle tone. 

Start chest compressions if: 
 O there are no signs of life or
 O there is no pulse or
 O there is a slow pulse (less than 60 beats/minute in an 

unconscious infant or young child with poor perfusion).

‘Unnecessary’ chest compressions are almost never dam-
aging. It is important not to waste vital seconds before 
starting chest compressions after oxygenating the patient 
with the rescue breaths. If there are signs of life and the 
pulse is present (and has an adequate rate, with good 
perfusion), but apnoea persists, exhaled air resuscitation 
must be continued until spontaneous breathing resumes.

Chest compressions
For the best output, the patient must be placed on their 
back, on a hard surface. The chest should be compressed 
by a third of its depth. Children vary in size, and the exact 
nature of the compressions given should reflect this. In 
general, infants (less than 1 year of age) require a different 
technique from pre- pubertal children, in whom the method 
used in adults can be applied with appropriate modifications 
for their size. 

FIGURE 1.12.8 Two-thumb method for chest compressions in an 
infant (two rescuers).

FIGURE 1.12.9 Two-fi nger method for chest compressions in an 
infant (one rescuer).

Position for chest compressions
Chest compressions should compress the lower half of 
the sternum. 

Infants: Infant chest compression can be more effec-
tively achieved using the hand- encircling technique: the 
infant is held with both the rescuer’s hands encircling or 
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partially encircling the chest. The thumbs are placed over 
the lower half of the sternum and compression is carried 
out as shown in Figure 1.12.8. This method is only pos-
sible when there are two rescuers, as the time needed to 
reposition the airway precludes the use of the technique by 
a single rescuer if the recommended rates of compression 
and ventilation are to be achieved. The single rescuer should 
use the two- finger method as shown in Figure 1.12.9, 
employing the other hand to maintain the airway position. 

Small children: Place the heel of one hand over the 
lower half of the sternum. Lift the fi ngers to ensure that 
pressure is not applied over the child’s ribs. Position yourself 
vertically above the child’s chest and, with your arm straight, 
compress the sternum to depress it by approximately one 
third of the depth of the chest (Figure 1.12.10). 

For larger children or pregnant mothers, or for small 
rescuers, compressions may be achieved most easily 
by using both hands with the fi ngers interlocked (Figure 
1.12.11). The rescuer may choose one or two hands to 
achieve the desired compression of one third of the depth 
of the chest.

Once the correct technique has been chosen and the 
area for compression identified, 15 compressions should be 
given to 2 ventilations.

Technique for giving chest compressions in larger 
children and pregnant mothers

 O Kneel by the side of the patient, who must be positioned 
on a fi rm surface, the uterus having been displaced if 
appropriate (see below).

 O Place the heel of one hand in the centre of the patient’s 
chest.

 O Place the heel of your other hand on top of the fi rst hand.
 O Interlock the fi ngers of your hands and ensure that pres-

sure is not applied over the patient’s ribs. Do not apply 
any pressure over the upper abdomen or the bottom 
end of the bony sternum (breastbone).

 O Position yourself vertically above the patient’s chest and, 

with your arms straight, press down on the sternum to 
a depth of 5–6 cm.

 O After each compression, release all the pressure on the 
chest without losing contact between your hands and 
the sternum.

 O Repeat at a rate of about 100–120 times a minute (a 
little less than 2 compressions a second).

 O Compression and release should take an equal amount 
of time.

Technique for giving breaths in larger children and 
pregnant mothers (see Figure 1.12.12)

 O After 15 compressions, open the airway again using 
the head tilt and chin lift (use the jaw thrust if you are 
experienced and capable of doing it properly and there 
are two rescuers).

 O Pinch the soft part of the patient’s nose closed, using the 
index fi nger and thumb of your hand on their forehead.

 O Allow the patient’s mouth to open, but maintain chin lift.
 O Take a normal breath and place your lips around the 

patient’s mouth, making sure that you have a good seal. 
If you have a bag-valve-mask, this can be used instead 
of mouth- to- mouth basic life support in all age groups.

 O Blow steadily into the patient’s mouth while watching for 
their chest to rise; take about 1 second to make their 
chest rise, as in normal breathing; this is an effective 
rescue breath.

 O Maintaining the head tilt and chin lift, take your mouth 
away from the patient and watch for their chest to fall 
as air is exhaled.

 O Take another normal breath and blow into the patient’s 
mouth once more to give a total of two effective rescue 
breaths. Then return your hands without delay to the 
correct position on the sternum and give a further 15 
chest compressions.

 O Continue with chest compressions and rescue breaths 
in a ratio of 15:2.

 O Stop to recheck the patient only if they start breathing 
normally; otherwise do not interrupt resuscitation.

 O If your rescue breaths do not make the chest rise as in 
normal breathing, then before your next attempt:

 — check the patient’s mouth and remove any visible 
obstruction

 — recheck that there is adequate head tilt and chin lift
 — try the jaw thrust if you are able to do this effectively.

FIGURE 1.12.10 Chest compressions using one hand in a child.

FIGURE 1.12.11 Chest compressions using two hands in a larger 
child or mother.
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 O Do not attempt more than two breaths each time before 
returning to chest compressions.

 O If there is more than one rescuer present, a different 
person should take over CPR about every 2 minutes 
to prevent fatigue. Ensure that there is minimal delay 
during the changeover between rescuers.

Continuing cardiopulmonary resuscitation
The compression rate for all age groups is 100–120 com-
pressions per minute. A ratio of 15 compressions to 2 
ventilations is maintained irrespective of the number of 
rescuers. With pauses for ventilation there will be less than 
100–120 compressions per minute, although the rate is 
100–120 per minute. Compressions can be recommenced 
at the end of inspiration and may augment exhalation. 

If no help has arrived, the emergency services must be 
contacted after 1 minute of cardiopulmonary resuscitation. 
Apart from this interruption to summon help, basic life 
support must not be interrupted unless the patient 
moves or takes a breath.

Effective chest compressions are tiring for the rescuer. 
Continually check that the compressions and ventilations 
are satisfactory (they should be performed ‘hard and fast’) 
and, if possible, alternate the rescuers involved in this task. 

Any time spent readjusting the airway or re- establishing 
the correct position for compressions will seriously decrease 
the number of cycles given per minute. This can be a real 
problem for the solo rescuer, and there is no easy solution. 
In infants and small children, the free hand can maintain the 
head position. The correct position for compressions does 
not need to be measured after each set of ventilations. 

The cardiopulmonary resuscitation manoeuvres recom-
mended for infants and children are summarised in Table 
1.12.1.

TABLE 1.12.1 Summary of basic life support techniques in infants and children

Infants (< 1 year) Children (1 year to puberty) and pregnant mothers

Airway

Head- tilt position Neutral Sniffi ng

Breathing

Initial slow breaths Five Five

Circulation

Pulse check Brachial or femoral Carotid

Landmark Lower half of sternum Lower half of sternum

Technique Two fi ngers or two thumbs One or two hands

CPR ratio 15:2 15:2

Call emergency services (if available)
If no help has arrived, the emergency services must be 
contacted after 1 minute of resuscitation has been deliv-
ered. A mobile phone can be used or an infant or small 
child may be carried to a static telephone or to get help 
while attempts are continued. Apart from any necessary 
interruption to summon help, basic life support must not 
be interrupted unless the patient moves or takes a breath, 
or you are exhausted.

If recovery occurs and signs of life return, place the 
patient in the recovery position and continue to reassess 
them and ensure that specialist help arrives. 

Special circulation actions in the pregnant 
mother (see Figures 1.12.13 and 1.12.14)
Place the patient on a hard surface in the left lateral tilt 
position to overcome vena caval compression. This can 
be achieved with a wedge placed under the right hip to 
displace the gravid uterus to the left, or it is possible to 

improvise with a pillow or coat. If an assistant is available, 
they can displace the uterus to the left side of the vena 
cava. Effective chest compressions can be accomplished 
at a 15–30-degree tilt to the left, but displacement of the 
uterus is the more effective method. 

Chest- compression- only CPR.
 O If you either unable or unwilling to give rescue breaths, 

give chest compressions only. This is particularly relevant 
in countries where there is a high prevalence of HIV, 
hepatitis or TB (see below).

 O If chest compressions only are given, these should be 
continuous at a rate of 100 compressions per minute.

 O Stop to recheck the patient only if they start to breathe 
normally; otherwise do not interrupt resuscitation.

Continue resuscitation until:
 O qualifi ed help arrives and takes over or
 O the patient starts breathing normally or
 O you become exhausted.

FIGURE 1.12.12 Giving breaths for a larger child or a mother.
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Basic life support and infection risk
Few cases have been reported. The most serious concerns 
are meningococcus and TB. In the case of meningococ-
cus, rescuers involved in the resuscitation of the airway in 
such patients should take standard prophylactic antibiotics.

There have been no reported cases of transmission of 
either hepatitis B or human immunodeficiency virus (HIV) 
through mouth- to- mouth ventilation. Blood- to- blood con-
tact is the single most important route of transmission of 
these viruses, and in non- trauma resuscitation the risks 
are negligible. Sputum, saliva, sweat, tears, urine and 
vomit are low- risk fluids. Precautions should be taken, 
if possible, in cases where there might be contact with 
blood, semen, vaginal secretions, cerebrospinal fluid, 
pleural and peritoneal fluids, or amniotic fluid. Precautions 
are also recommended if any bodily secretion con tains 
visible blood. Devices that prevent direct contact between 
the rescuer and the patient (such as resuscitation masks) 

can be used to lower the risk. Gauze swabs or any other 
porous material placed over the patient’s mouth is of no 
benefit in this regard. 

Infection rates vary from country to country, and rescu-
ers must be aware of the local risk. In countries where HIV/
AIDS is more prevalent, the risk to the rescuer will be greater. 

If available, bag-valve-mask ventilation is preferable to 
mouth- to- mouth ventilation.

The recovery position
The patient should be placed in a stable, lateral position that 
ensures maintenance of an open airway with free drainage 
of fl uid from the mouth, ability to monitor and gain access 
to the patient, security of the cervical spine and attention 
to pressure points (see Figure 1.12.15). The Resuscitation 
Council (UK) recommends the following sequence of 
actions when placing a patient in the recovery position:

 O Remove the patient’s spectacles (if present).
 O Kneel beside the patient and make sure that both of 

their legs are straight.
 O Place the arm nearest to you out at right angles to their 

body, elbow bent with the hand palm uppermost.
 O Bring the far arm across the chest, and hold the back 

of the hand against the patient’s cheek nearest to you.
 O With your other hand, grasp the far leg just above the 

knee and pull it up, keeping the foot on the ground.
 O Keeping their hand pressed against their cheek, pull on 

the far leg to roll the patient towards you on to their side.
 O Adjust the upper leg so that both the hip and knee are 

bent at right angles.
 O Tilt the head back to make sure the airway remains open.
 O Adjust the hand under the cheek, if necessary, to keep 

the head tilted.
 O Check the patient’s breathing regularly.

If the patient has to be kept in the recovery position for 
more than 30 minutes, turn them to the opposite side in 
order to relieve the pressure on the lower arm.

FIGURE 1.12.13 The supine hypotensive syndrome. On the left the mother is lying on her back, her uterus is occluding her inferior vena 
cava. On the right the mother is lying in a lateral position (the recovery position here) and the inferior vena cava is no longer compressed. 

FIGURE 1.12.14 Displacing the gravid uterus manually.
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Automatic external defibrillators (AEDs) 
The use of the AED is now included in basic life support 
teaching for adults because early defibrillation is the most 
effective intervention for the large majority of unpredicted 
cardiac arrests in adults. As has already been stated, in 
children and young people and in pregnant and puerperal 
women, circulatory or respiratory causes of cardiac arrest 
predominate. However, in certain circumstances, in children 
and pregnant mothers there may be a primary cardiac 
cause of cardiac arrest, and the use of an AED may be 
life- saving. 

An algorithm for AED use is shown in Figure 1.12.16. 
The standard AED can be used in children over the age 
of 8 years and in adults. For children aged 1–8 years, an 
AED can be used, but paediatric paddles are essential. An 
AED cannot currently be used for infants under 1 year old, 
as the devices are not accurate enough in this age group.

These devices are becoming much more widely avail-
able and are relatively inexpensive. They are life- saving in 
cases where there is a shockable rhythm, and are included 
in the training for basic rather than advanced life support, 
as they were designed for community use. If defi brillation 
is to be successful, it must be performed within 15 minutes 
of the onset of fi brillation (and the earlier it is performed, the 
greater the likelihood of success), so for cases of collapse 
that might produce fi brillation in the community, waiting until 
arrival at hospital would be too late.

However, AEDs are also now widely used in treatment 
of hospital cardiac arrests by fi rst responders, and are 
therefore included here.

Attach AED pads 
Expose the chest and place one adhesive defi brillator pad 
on the patient’s chest to the right of the sternum below the 
right clavicle, and one in the mid- axillary line, taking care 
to avoid breast tissue. Keep the axillary electrode vertical 
to maximise effi ciency.

FIGURE 1.12.15 The semi-prone or recovery position.

Stimulate and 
assess response

Call for help

Open airway

Not breathing normally

Start chest compressions
Add 2 ventilation breaths

Continue 30:2 until AED is attached

AED assesses rhythm

Shock not 
advised

Shock advised

Immediately 
resume

CPR 30:2
for 2 minutes

1 shock
150—200 J biphasic

Call emergency services

Immediately 
resume

CPR 30:2
for 2 minutes Continue until the patient 

starts to breathe normally

Unresponsive

Continue chest 
compressions while AED 

is charging

Ensure no one  
touches patient

Ask to bring AED

FIGURE 1.12.16 Algorithm for automatic external defi brillator (AED) use.
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If a shock is indicated, most AED devices will do this 
automatically, but some will ask the operator to deliver the 
shock by pressing a button. Immediately after the shock, 
resume compressions for 2 minutes, after which there will 
be a further prompt for a rhythm analysis.

If defi brillation is not indicated, CPR should be con-
tinued for 2 minutes, at which stage the AED will prompt 
further analysis of the rhythm. 

Perimortem Caesarean section
The UK Resuscitation Council considers that prompt 
Caesarean delivery should be seen as part of resuscitation 
in cardiac arrest in advanced pregnancy. Delivery of the 
fetus will obviate the effects of aortocaval compression and 
signifi cantly increase the likelihood of successful resuscita-
tion. It will reduce maternal oxygen consumption, increase 
venous return, make ventilation easier and allow CPR in 
the supine position.

When to perform it
All the evidence suggests that a Caesarean delivery 
should begin within 4 minutes of cardiac arrest and be 
accomplished by 5 minutes. In practice this means that 
preparations for surgical evacuation of the uterus should 
begin almost at the same time as CPR following cardiac 
arrest. Pregnant women develop anoxia faster than non- 
pregnant women, and can suffer irreversible brain damage 
within 4–6 minutes of cardiac arrest. CPR should be con-
tinued throughout the Caesarean section and afterwards, 
as this increases the likelihood of a successful neonatal 
and maternal outcome. 

Where to perform it 
The woman should not be transferred to an operating thea-
tre as this will merely waste time. She should be delivered 
at the site of collapse unless this is physically impossible. 
Diathermy will not be needed, as blood loss is minimal in 
patients with no cardiac output. If the mother is successfully 
resuscitated, she can be moved to theatre to be anaesthe-
tised and to complete the operation.

How to perform it
A minimal amount of equipment is required in this situa-
tion. Sterile preparation and drapes are unlikely to improve 
survival. A surgical knife is suffi cient.

No one surgical approach in particular is recommended, 
and the choice of approach should be based on operator 
preference. The classical midline abdominal approach is 
aided by the natural diastasis of recti abdomini that occurs 
in late pregnancy and the relatively bloodless fi eld in this 
situation. However, many obstetricians are more familiar 
with a lower transverse abdominal incision and can deliver 
a baby in less than 1 minute.

Open cardiac massage during surgery is a possibility 
when the abdomen is already open and the heart can be 
reached relatively easily through the diaphragm (if a midline 
approach has been used).

An anaesthetist should attend at the earliest opportunity 
to provide a protected airway, ensure continuity of effective 
chest compressions and adequate ventilation breaths, and 
help to determine and treat any underlying cause (4 Hs and 
4 Ts, see Section 1.13).

If resuscitation is successful and the mother regains a 

cardiac output, appropriate anaesthesia and pain relief will 
be required and the woman should be moved to a theatre 
to complete the operation.

Fetal outcome
It must be emphasised that Caesarean section is part 
of resuscitation and is performed to improve maternal 
survival, and it is worthwhile performing this procedure 
once the uterus has reached the level of the umbilicus (i.e. 
around 20 weeks’ gestation). If done promptly, it can also 
improve fetal survival, although gestational age at the time 
of delivery also clearly infl uences the fetal outcome. In the 
UK, the 2006–2008 National Audit Report on maternal 
mortality (‘Saving Mothers’ Lives’: The Eighth Report of the 
Confi dential Enquiries into Maternal Deaths in the United 
Kingdom) there were no neonatal survivors among those 
delivered at less than 28 weeks. However, 47% of those 
delivered at more than 36 weeks did survive; all but one 
of the cases in this group involved CPR commenced in 
hospital, demonstrating the advantage of early evacuation 
of the uterus for the neonate as well as the mother. 

Although uterine evacuation is a well- validated step in 
maternal resuscitation, there is still reluctance among some 
obstetricians to perform peri- arrest Caesarean section, due 
to concerns about neonatal neurological damage. However, 
in a comprehensive review of postmortem Caesarean deliv-
eries between 1900 and 1985 by Katz and colleagues, 70% 
(42/61) of infants delivered within 5 minutes survived, and 
all of them developed normally. Only 13% (8/61) of those 
delivered at 10 minutes and 12% (7/61) of those delivered at 
15 minutes survived. One infant in each of the groups of later 
survivors had neurological damage. Later series confi rm the 
advantage of early delivery for intact fetal survival, although 
there are a few case reports of intact infant survival more 
than 20 minutes after maternal cardiac arrest.

The evidence suggests that if the fetus survives the neo-
natal period, the probability of normal development is high.

The decision to abandon CPR if it is 
unsuccessful
CPR should be continued if the rhythm continues as 
ventricular fi brillation (VF)/ventricular tachycardia (VT). The 
decision to abandon CPR should only be made after dis-
cussion with senior clinicians.

Medico- legal issues
No doctor has been found liable for performing a postmor-
tem Caesarean section in the UK jurisdiction. 

Choking
Introduction 
The vast majority of deaths from foreign body airway 
obstruction (FBAO) occur in preschool children. Virtually 
anything may be inhaled, but foodstuffs predominate. The 
diagnosis may not be clear- cut, but should be suspected if 
the onset of respiratory compromise is sudden and associ-
ated with coughing, gagging and stridor.

Airway obstruction also occurs with infections such as 
acute epiglottitis and croup. In these cases, attempts to 
relieve the obstruction using the methods described below 
are dangerous. Children with known or suspected infectious 
causes of obstruction, and those who are still breathing 
and in whom the cause of obstruction is unclear, should be 
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taken to hospital urgently. The treatment of these children 
is dealt with in Section 4.

If a foreign body is easily visible and accessible in the 
mouth, remove it, but while attempting this take great care 
not to push it further into the airway. Do not perform blind 
finger sweeps of the mouth or upper airway, as these may 
further impact a foreign body and damage tissues without 
removing the object. 

The physical methods of clearing the airway, described 
below, should therefore only be performed if: 
1 the diagnosis of FBAO is clear- cut (witnessed or strongly 

suspected) and ineffective coughing and increasing 
dyspnoea, loss of consciousness or apnoea have 
occurred. 

2 head tilt/chin lift and jaw thrust manoeuvres have failed 
to open the airway of an apnoeic child. 

If the child is coughing, this should be encouraged. A spon-
taneous cough is more effective in relieving an obstruction 
than any externally imposed manoeuvre. An effective cough 
is recognised by the patient’s ability to speak or cry and to 
take a breath between coughs. The child should be continu-
ally assessed and not left alone at this stage. No intervention 
should be made unless the cough becomes ineffective (i.e. 
quieter or silent), and the patient cannot cry, speak or take a 
breath, or becomes cyanosed or starts to lose conscious-
ness. Then call for help and start the intervention.

These manoeuvres are then alternated with each other, 
and with examination of the mouth and attempted breaths 
as shown in Figure 1.12.17. 

FIGURE 1.12.17 Algorithm for the management of choking.

Infants
Abdominal thrusts may cause intra- abdominal injury in 
infants. Therefore a combination of back blows and chest 
thrusts is recommended for the relief of foreign body 
obstruction in this age group (see Figures 1.12.18 and 
1.12.19). 

The baby is placed along one of the rescuer’s arms in 
a head- down position, with the rescuer’s hand support-
ing the infant’s jaw in such a way as to keep it open, in 
the neutral position. The rescuer then rests his or her arm 
along the thigh, and delivers fi ve back blows with the heel 
of the free hand. 

If the obstruction is not relieved, the baby is turned over 
and laid along the rescuer’s thigh, still in a head- down posi-
tion. Five chest thrusts are given using the same landmarks 
as for cardiac compression, but at a rate of one per second. 
If an infant is too large to allow use of the single- arm tech-
nique described above, then the same manoeuvres can 
be performed by lying the baby across the rescuer’s lap. 

FIGURE 1.12.18 Back blows in an infant.

FIGURE 1.12.19 Chest thrusts in an infant.

Children 
Back blows can be used as described for infants or, in 
the case of a larger child, with the child supported in a 
forward- leaning position (see Figure 1.12.20). In children the 
abdominal thrust (Heimlich manoeuvre) can also be used 
(see Figures 1.12.21 and 1.12.22). This can be performed 
with the patient either standing or lying down, but the former 
is usually more appropriate.

If this manoeuvre is to be attempted with the child stand-
ing, the rescuer moves behind the patient and passes his 
or her arms around the patient’s body. Owing to the short 
height of children, it may be necessary for an adult to raise 
the child or kneel behind them to carry out the standing 
manoeuvre effectively. One hand is formed into a fist and 
placed against the child’s abdomen above the umbilicus 
and below the xiphisternum. The other hand is placed 

Assess

Ineffective 
cough

Effective 
cough

Conscious Unconscious

5 back blows Open airway

5 chest/abdominal 
thrusts

Assess and repeat

5 rescue breaths

CPR 15:2
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over the fist, and both hands are thrust sharply upwards 
into the abdomen. This procedure is repeated fi ve times 
unless the object that is causing the obstruction is expelled 
before then. 

To perform the Heimlich manoeuvre in a supine child, 
the rescuer kneels at the child’s feet. If the child is large, it 
may be necessary to kneel astride him or her. The heel of 
one hand is placed against the child’s abdomen above the 
umbilicus and below the xiphisternum. The other hand is 
placed on top of the first, and both hands are thrust sharply 
upwards into the abdomen, with care being taken to direct 
the thrust in the midline. This procedure is repeated fi ve 
times unless the object that is causing the obstruction is 
expelled before then. 

FIGURE 1.12.20 Back blows in a small child.

Following successful relief of the obstructed airway, the 
child should be assessed clinically. There may still be some 
foreign material present in the respiratory tract. If abdominal 
thrusts have been performed, the child should be assessed 
for possible abdominal injuries. 

Each time breaths are attempted, look in the mouth for 
the foreign body and remove it if it is visible. Take care not 
to push the object further down, and avoid damaging the 
tissues. If the obstruction is relieved the patient may still 
require either continued ventilations if they are not breathing, 

or chest compressions if there are no signs of a circulation. 
Advanced life support may also be needed.

FIGURE 1.12.22 Heimlich manoeuvre using a chair.

If the child is breathing effectively, place them in the 
recovery position and continue to monitor them.

Unconscious infant or child with foreign 
body airway obstruction

 O Call for help.
 O Place the child in a supine position on a fl at surface.
 O Open the mouth and attempt to remove any visible 

object.
 O Open the airway and attempt five rescue breaths, 

repositioning the airway with each breath if the chest 
does not rise.

 O Start chest compressions even if the rescue breaths 
were ineffective.

 O Continue the sequence for single- rescuer CPR for 
about 1 minute, then summon help again if none is 
forthcoming.

 O Each time breaths are attempted, look in the mouth for 
the foreign body and remove it if it is visible. Take care 
not to push the object further down, and avoid damag-
ing the tissues. 

 O If the obstruction is relieved, the patient may still require 
either continued ventilations if they are not breathing but 
are moving or gagging, or both ventilations and chest 
compressions if there are no signs of a circulation. 
Advanced life support may also be needed.

 O If the child is breathing effectively, place them in the 
recovery position and continue to reassess them.FIGURE 1.12.21 Heimlich manoeuvre in a standing child.
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1.13 Advanced life support for children and 
pregnant mothers

Introduction
As described in Section 1.12 on basic life support, the 
pregnant mother in cardiac arrest has usually suffered 
from the same deranged pathophysiology as the arrested 
child (i.e. respiratory or circulatory collapse rather than a 
primarily cardiac event).

The ‘child’ type of cardiac arrest is seen in almost 
all children (excluding those rare arrhythmic events in 
children with congenital or acquired heart disease, and 
those in whom sudden, unexpected collapse is preceded 
by apparent normal respiratory and circulatory function), 
and in adults who have a terminal acute illness involving 
respiratory or circulatory pathology. This includes patients 
who have had convulsions, trauma (including drowning), 
poisoning, bleeding, sepsis, etc.

In addition, there is international agreement that, where 
possible, guidelines on resuscitation of patients with car-
diac arrest should be simplifi ed, as there is evidence that 
complex guidelines cause ‘provider paralysis’, resulting in 
no or poor life- saving effort being made.

In view of this, the Advanced Life Support Group 
(ALSG)/Maternal Childhealth Advocacy International (MCAI) 
programme for resource- limited countries teaches a pro-
gramme of basic life support (BLS) and advanced life 
support (ALS) for infants, children and pregnant mothers 
which refl ects the known pathologies in these groups (i.e. 
respiratory and circulatory causes of cardiac arrest) and 
recognises that the clinicians who provide resuscitation 
attend patients of all ages.

Airway and breathing
Management of the airway (A) and breathing (B) com-
ponents of the ABC must take priority in all situations. 
Resuscitation will fail if effective ventilation does not occur.

Before effective resuscitation techniques can be applied, 
it is essential that the operator is able to:
1 understand the airway equipment available and how to 

use it 
2 recognise respiratory failure and when it may occur 
3 perform a systematic and prioritised approach (the 

structured ABC approach) to the management of the 
infant, child or mother who has a problem of the airway 
or breathing (see Section 1.11).

Airway: equipment and skills for 
opening and maintaining the airway
Essential airway and breathing equipment includes the 
following:

 O face masks (ideally with reservoirs)
 O airways, including laryngeal mask airways (LMAs) if 

anaesthetic skills are available
 O self- infl ating bag-valve-mask devices
 O tracheal tubes, introducers and connectors
 O laryngoscopes

 O Magill’s forceps
 O suction devices
 O surgical airway packs for performing an emergency 

surgical airway.

This equipment should be available in all resuscitation areas, 
ideally on a resuscitation trolley. It is crucial to gain familiarity 
with it before an emergency situation occurs.

Pharyngeal airways
There are two main types of pharyngeal airway, namely 
oropharyngeal (see Figures 1.13.1 and 1.13.2) and 
nasopharyngeal.

FIGURE 1.13.1 Oropharyngeal airway, showing position when 
inserted.

FIGURE 1.13.2 Oropharyngeal airway, showing sizing technique.

Oropharyngeal airways
The oropharyngeal or Guedel airway is used in the uncon-
scious or obtunded patient to provide an open airway 
channel between the tongue and the posterior pharyngeal 
wall. 
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In the awake patient with an intact gag refl ex, it may not 
be tolerated and may induce vomiting.

The oropharyngeal airway is available in a variety of 
sizes. A correctly sized airway when placed with its fl ange at 
the centre of the incisors, then curved around the face, will 
reach the angle of the mandible. Too small an airway may 
be ineffective, and too large an airway may cause laryngo-
spasm. Either may cause mucosal trauma or may worsen 
airway obstruction. Reassessment following placement is 
therefore a vital part of safe insertion of an airway device. 

There are two methods for inserting an oropharyngeal 
airway in children, depending on whether the child is small 
or large. However, there is no specifi c age of transition from 
one to the other – the choice of method depends on practi-
cality and the skills of the operator. The important point is not 
to push the tongue back by inserting the airway carelessly. 

The twist technique is used for larger children and in 
pregnant mothers. With this technique the convex side of 
the airway is used to depress the tongue as the airway 
is pushed into the mouth. The airway should be inserted 
upside down until the tip has passed the soft palate, and 
then rotated through 180 degrees so that the natural curve 
of the Guedel airway follows the curve of the tongue and 
pharynx (see Figure 1.13.3).

FIGURE 1.13.3 Oropharyngeal airway shown being inserted 
concave side up, then in place concave side down.

However, in infants and small children, as the tongue is 
larger relative to the size of the mouth, the airway cannot be 
rotated in the mouth without causing trauma. Therefore the 
tongue is depressed with a spatula and not by the convex 
side of the airway (see Figure 1.13.4).

FIGURE 1.13.4 When inserting the airway without rotation, a 
tongue depressor can be helpful (not shown).

Nasopharyngeal airways
The nasopharyngeal airway is often better tolerated than 
the Guedel airway. It is contraindicated in fractures of the 
base of the skull. It may also cause signifi cant haemorrhage 

from the vascular nasal mucosa if it is not inserted with 
care, preferably with lubrication. A suitable length can be 
estimated by measuring from the lateral edge of the nostril 
to the tragus of the ear. An appropriate diameter is one that 
just fi ts into the nostril without causing sustained blanching 
of the alae nasi. If small- sized nasopharyngeal airways are 
not available, shortened endotracheal tubes may be used.

Ensure that insertion of one or other of these devices 
results in an improvement in the patient’s airway and 
breathing. It if does not improve the airway as shown 
by improved breathing, then a reappraisal of the choice 
or size of airway is urgently required.

In pregnant mothers, the nasopharyngeal tube is not 
commonly used, because of the tendency for nasal mucosal 
bleeding to occur in pregnancy.

Laryngoscopes
There are two principal designs of laryngoscope, namely 
straight bladed and curved bladed. 

The straight- bladed laryngoscope is usually employed 
to directly lift the epiglottis, thereby uncovering the vocal 
folds. The advantage of this approach is that the epiglottis 
is moved suffi ciently so that it does not obscure the cords. 
The potential disadvantage is that vagal stimulation may 
cause laryngospasm or bradycardia. 

The curved- bladed laryngoscope is designed to move 
the epiglottis forward by lifting it from in front. The tip of 
the blade is inserted into the mucosal pocket, known as 
the vallecula, anterior to the epiglottis, and the epiglottis is 
then moved forward by pressure in the vallecula. This may 
be equally effective for obtaining a view of the cords, and 
it has the advantage that less vagal stimulation ensues, 
as the mucosa of the vallecula is innervated by the glos-
sopharyngeal nerve instead. 

A laryngoscope blade appropriate for the age of the 
patient should be chosen. It is possible to intubate with a 
blade that is too long, but not with one that is too short. 

Laryngoscopes are notoriously unreliable pieces of 
equipment which may develop fl at batteries and unservice-
able bulbs very quickly between uses. Therefore it is vital 
that a spare is available at all times, and equipment must be 
regularly checked to ensure that it is in good working order. 

Tracheal tubes 
Uncuffed tubes should be used during resuscitation, by 
operators who do not have paediatric anaesthetic experi-
ence, for children up to approximately 10 years of age. If the 
operator is familiar with cuffed tube placement, both cuffed 
and uncuffed tubes are acceptable for infants and children 
undergoing emergency intubation, but not for neonates. 
Up until the age of around 10 years, the larynx is circular in 
cross section and the narrowest part of it is at the cricoid 
ring, rather than the vocal cords. An appropriately sized tube 
should give a relatively gas- tight fit in the larynx, but the fi t 
should not be so tight that no leak is audible when the bag 
is compressed. Failure to observe this condition may lead 
to dam age to the mucosa at the level of the cricoid ring, 
and to subsequent oedema following extubation. 

The appropriate size of an uncuffed tracheal tube is 
estimated as follows: 

internal diameter (mm) = (age in years/4) + 4
length (cm) = (age in years/2) + 12 for an oral tube
length (cm) = (age in years/2) + 15 for nasal tube.
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These formulae are appropriate for ages over 1 year. 
Neonates usually require a tube of internal diameter 
3–3.5 mm, although preterm infants may need one of diam-
eter 2.5 mm. Cuffed tubes should not be used in neonates.

For cuffed tracheal tubes, the appropriate internal 
diameter for children aged 2 years or older is estimated 
as follows:

internal diameter (mm) = (age in years/4) + 3.5.

For infants of weight over 3 kg and up to 1 year in age a 
size 3 cuffed tube is usually acceptable, and for those aged 
1–2 years a size 3.5 cuffed tube can generally be used.

The size of tracheal tubes is measured in terms of their 
internal diameter in millimetres. They are available in whole-  
and half- millimetre sizes. The clinician should select a tube 
of appropriate size, but also prepare one a size smaller and 
one a size larger. 

In the case of resuscitation in a young child where the 
lungs are very ‘stiff’ (e.g. in a cardiac arrest from severe 
bronchiolitis), a cuffed tube rather than an uncuffed tube 
may be used by a non- expert, but the risk of airway damage 
from the cuff must be balanced against the risk of failure 
to infl ate the lungs.

In pregnant mothers, cuffed tubes must be used 
because of the high risk of gastric refl ux in the pregnant 
patient causing aspiration of acidic gastric material and 
severe respiratory problems.

Tracheal tube introducers 
Intubation can be facilitated by the use of a stylet or intro-
ducer, which is placed through the lumen of the tracheal 
tube. There are two types – either soft and fl exible or fi rm 
and malleable. 

The soft and fl exible type can be allowed to project 
beyond the tip of the tube, so long as it is handled very 
gently. The fi rm and malleable type is used to alter the shape 
of the tube, but can easily damage the tissues if allowed to 
protrude from the end of the tracheal tube. Tracheal tube 
introducers should not be used to force a tracheal tube 
into position. 

Bougies, which are fl exible, deformable, blunt- ended 
gum elastic rods of different sizes, can be used to help 
to introduce a tracheal tube when access is diffi cult. A 
Seldinger- type technique is used. The bougie is introduced 
into the trachea using the laryngoscope, the endotracheal 
tube is then passed over it into the trachea, and fi nally the 
bougie is removed.

In pregnant mothers: 
1 A 15 French bougie should be used for endotracheal 

tube sizes 6.0–11.0. 
2 Lubricate the bougie with KY jelly. 
3 Perform laryngoscopy. If the cords are not visible, identify 

landmarks to aid intubation. 
4 Place the bougie into the pharynx and direct it into the 

larynx. If necessary, bend the bougie to negotiate the 
corner. Correct placement may be confi rmed by detec-
tion of tracheal ‘clicks’ and ‘hold- up’ of the bougie (the 
absence of hold- up indicates oesophageal placement).

5 Hold the tube fi rmly in place and gently withdraw the 
bougie. 

6 Remove the laryngoscope and confi rm tube placement 
as usual.

Tracheal tube connectors 
In pregnant mothers, the proximal end of the tube con-
nectors is of standard size, based on the 15- mm/22- mm 
system, which means that they can be connected to a 
standard self- infl ating bag. 

The same standard system exists for children, includ-
ing neonates. 

Magill’s forceps 
Magill’s forceps (see Figure 1.13.5) are angled to allow a 
view around the forceps when they are in the mouth. They 
may be useful to help to position a tube through the cords 
by lifting it anteriorly, or to remove pharyngeal or supra- 
glottic foreign bodies.

FIGURE 1.13.5 Magill’s forceps.

Suction devices 
These are used to remove blood, vomit and secretions 
from the mouth and throat, usually with a rigid suction tube 
(Yankauer suction tube; see below). In resuscitation areas, 
ideally the suction device should be connected to a central 
vacuum unit. This consists of a suction hose inserted into a 
wall terminal outlet, a controller (to adjust the vacuum pres-
sure), a reservoir jar, suction tubing and a suitable sucker 
nozzle or catheter. In order to aspirate vomit effectively, it 
should be capable of producing a high negative pressure 
and a high flow rate, although these can be reduced in 
non- urgent situations, so as not to cause mucosal injury. 

Portable suction devices are required for resuscitation 
when central suction is not available (as is the case in most 
resource- limited hospitals), and for transport to and from 
the resuscitation room. These are either manual, mains 
electrical or battery powered. A manual or battery- operated 
suction system must be available at all sites where resus-
citation may be needed. 

To clear the oropharynx of debris (e.g. vomit), a 
rigid sucker (e.g. Yankauer sucker) should be used with 
care not to damage delicate tissue or induce vomiting. 
The Yankauer sucker is available in both adult and 
paediatric sizes. It may have a side hole, which can 
be occluded by a fi nger, allowing greater control over 
vacuum pressure. 

Tracheal suction catheters (see Figure 1.13.6)
These may be required after intubation to remove bronchial 
secretions or aspirated fl uids. In general, the appropriate 
size in French gauge is numerically twice the internal diam-
eter in millimetres (e.g. for a 3- mm tube the correct suction 
catheter is a French gauge 6).
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FIGURE 1.13.6 Tracheal and oral or nasal suction catheters.

Advanced airway techniques
Advanced airway techniques are used when the above 
techniques fail to maintain and protect an airway over 
the longer term, particularly if there is potential for it to 
become obstructed and thus prevent accurate control of 
oxygenation and ventilation. Advanced airway techniques 
(tracheal intubation, surgical cricothyroidotomy and surgical 
tracheostomy) are described in Section 8.2.

Breathing: equipment and skills for 
helping the patient to breathe
The following equipment for oxygenation and ventilation 
should be readily available:

 O an oxygen source
 O masks for those who are spontaneously breathing
 O close- fi tting face masks (for artifi cial ventilation)
 O self- infl ating bag-valve systems to be used with close- 

fi tting face masks
 O T- piece and open- ended bag systems (only to be used 

by those with anaesthetic skills)
 O mechanical ventilators
 O chest tubes
 O gastric tubes.

Oxygen treatment
Indications
Give oxygen to patients:

 O with respiratory distress (severe indrawing of the lower 
chest wall, also known as recessions, raised respiratory 
rate, gasping, grunting with each breath, nasal fl aring, 
head bobbing, etc.)

 O with cyanosis (blueness) that is central (around the lips 
and tongue, or inside the mouth in children with dark 
skin)

 O who are shocked
 O who are fi tting
 O who are unconscious, with abnormal oxygen saturation 

(SaO2) on a pulse oximeter. 

Ideally, where the resources for this are available, 
oxygen therapy should be guided by pulse oximetry 
(see below). Give oxygen to children with an SaO2 of 
< 94%, and aim to keep SaO2 at 94–98% (except at 
high altitude, where normal oxygen saturation levels 
are lower). If pulse oximeters are not available, the need 
for oxygen therapy has to be guided by clinical signs, 
which are less reliable. 

Provision of oxygen
Oxygen must be available at all times. The two 
main sources of oxygen are cylinders and oxygen 
concentrators. 

Oxygen cylinders contain compressed gas. A fl ow 
meter needs to be fi tted to regulate fl ow. A hissing noise 
can be heard if gas is being delivered. 

Flow meters are used to ascertain how much oxy-
gen is being delivered. Take the reading of fl ow rate 
from the middle of the ball. Always switch off the fl ow 
when the source is not in use (ensure that the indicator 
ball is at the bottom of the fl ow meter and not moving).

Do not leave anything infl ammable near to the oxygen 
supply. Do not allow smoking near to the oxygen supply.

At least once a day, check that an adequate oxy-
gen supply is available (use a signed logbook). If a 
gauge indicating the amount left in the cylinder is not 
available, switch on the fl ow and listen for a hissing 
noise. Replace empty cylinders promptly. Ensure that 
cylinders are stored and secured in an upright posi-
tion in suitable containers so that they cannot fall over 
and cause injury. Cylinder keys to permit changes of 
regulator should be tied to each cylinder.

Oxygen concentrators may be available. They pro-
duce more than 95% oxygen with a fl ow of 1–8 litres/
minute but, unlike cylinders, they require a continu-
ous electricity supply. For this reason, all areas where 
patients might need oxygen must have both cylinders 
and concentrators.

There are now small oxygen plants available that can 
provide oxygen for a defi ned area or even for the whole 
of a hospital or health facility. Some of them can be used 
to fi ll oxygen cylinders as well, thus providing a constant 
back- up (www.ogsi.com).

Oxygen delivery
A mask with a reservoir bag (see Figure 1.13.7) allows up 
to 100% oxygen to be delivered. Without a reservoir, it is 
only possible to deliver around 40% oxygen. If only low fl ow 
rates of oxygen are available, do not use a reservoir bag.

If an oxygen mask is being used, ensure that the mask 
is large enough to cover the mouth and nose. Both low-  
and high- fl ow oxygen (with a delivery rate of up to 15 litres/
minute) can be given. Hold the mask in place using the 

FIGURE 1.13.7 Reservoir bags.
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elastic strap around the back of the head or, in the case of 
a young child, ask the mother to hold it as close as possible 
to the child’s face.

Nasal cannulae (also known as nasal prongs) (see 
Figure 1.13.8) are the preferred method of delivery in most 
circumstances, as they are safe, non- invasive, reliable 
and do not obstruct the nasal airway. Head boxes are 
not recommended, as they use up too much oxygen and 
deliver a low concentration. Face masks can be used for 
resuscitation purposes, ideally with a reservoir attached to 
deliver 100% oxygen.

Monitoring
Nursing staff must know how to place and secure the nasal 
cannulae correctly. Check regularly that the equipment is 
working properly, and remove and clean the cannulae at 
least twice a day.

Monitor the patient at least every 3 hours to identify and 
correct any problems, including:

 O SaO2 values measured by pulse oximeter
 O nasal cannulae out of position
 O leaks in the oxygen delivery system
 O incorrect oxygen fl ow rate
 O airway obstructed by mucus (clear the nose with a moist 

wick or by gentle suction).

Pulse oximetry
Normal oxygen saturation at sea level in a child is 95–100%. 
Oxygen is ideally given to maintain oxygen saturation at 
94–98%. Different cut- off values might be used at high 
altitude or if oxygen is scarce. The response to oxygen 

therapy in lung disease can be measured with the pulse 
oximeter, as the patient’s SaO2 should increase (in patients 
with cyanotic heart disease, SaO2 does not change when 
oxygen is given). The oxygen fl ow can be titrated using 
the pulse oximeter as a monitor to obtain a stable SaO2 of 
94–98% without giving too much oxygen. This is especially 
important in pre-term babies with respiratory disease (see 
Section 3.4).

Assessment of oxygenation at and above sea 
level
A systematic review in 2009 found an SpO2 of 90% is the 
2.5th centile for a population of healthy children living at 
an altitude of approximately 2500 m above sea level. This 
decreases to 85% at an altitude of approximately 3200 m.

TABLE 1.13.1 SpO2 levels at different altitudesa

Altitude Location n Age SpO2 (%) Author Year

Sea level UK 70 2–16 (mean, 8) years Range, 95.8–100

Median, 99.5

Poets et al. 1993

Sea level Peru 189 2 months to 5 years Range, 96–100

Mean, 98.7

Reuland et al. 1991

1610 m Colorado 150 < 48 hours

3 months

95% Cl, 88–97

Mean, 93

95% Cl, 86–97

Mean, 92.2

Thilo et al. 1991

1670 m Nairobi 87 7 days to 3 years Range, 89.3–99.3

Mean, 95.7

Onyango et al. 1993

2640 Bogota 189 5 days to 2 years Range, 84–100

Mean, 93.3

Lozano et al. 1992

2800 Colorado 72 3–670 days Range, 88–97

Mean, 91.7

Nicholas et al. 1993

3100 Colorado 14 6 hours to 4 months

1 week to 4 months

Range, 81–91

Mean, 80.6±5.3

Mean, 86.1±4.6

Niemeyer et al. 1993

3658 Tibetb 15 6 hours to 4 

months

Immigrant, 76–90

Indigenous, 86–94

Niemeyer et al. 1995

3750 Peru 153 2 –60 months Range, 81–97

Mean, 88.9

Reuland et al. 1991

aValues given are those in quiet sleep.
bRanges refer to those born to immigrant Chinese mothers and to those indigenous babies whose families have lived at that altitude 
for innumerable generations.

FIGURE 1.13.8 Nasal cannulae delivering oxygen and taped in 
place.
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Duration of oxygen therapy
Continue giving oxygen continuously until the patient is able 
to maintain an SaO2 of 94% or higher in room air. When the 
patient is stable and improving, take them off oxygen for 
a few minutes. If the SaO2 remains in the range 94–98%, 
discontinue oxygen, but check again 30 minutes later, and 
3- hourly thereafter on the fi rst day off oxygen to ensure that 
the patient is stable. Where pulse oximetry is not available, 
the duration of oxygen therapy has to be guided by clinical 
signs, which are less sensitive. 

Breathing for the patient
Face masks with seal over nose and mouth 
for positive pressure ventilation (see Figure 
1.13.9)
These face masks are used for either mouth- to- mask or, 
more commonly, bag–mask ventilation. Masks are available 
in various sizes, and the appropriate size to cover the mouth 
and nose should be chosen. 

Face masks for mouth- to- mouth or bag-valve-mask 
ventilation in infants are of two main designs. Some masks 
conform to the anatomy of the patient’s face and have a 
low dead space. Circular soft plastic masks give an excel-
lent seal and are often preferred. Children’s masks should 
be clear so that the child’s colour or the presence of vomit 
can be seen. 

A pocket mask is a single- size clear plastic mask with 
an air- filled cushion rim designed for mouth- to- mask resus-
citation. It can be supplied with a port for attaching it to an 
oxygen supply, and can be used in adults and children. It 
can be used upside down to ventilate infants.

FIGURE 1.13.9 Face masks with cushioned rim for a leak-proof fi t, 
and round shape for infants.

Self- infl ating bags (see Figure 1.13.10)
This is one of the most important pieces of equipment, 
allowing hand ventilation by face mask without a supply of 
gas. The two appropriate sizes are 500 mL and 1600 mL 
(the smaller size for infants under 1 year of age, and 
the larger size for children and mothers). There is also 
a 250- mL version for small premature babies. These bags 
have pressure- limiting valves that operate at 30–45 cm 
H2O. Test the valve by placing the mask on a surface and 
pressing the bag and ensuring that the valve opens. It can 
be overridden if necessary for stiff, poorly compliant lungs 
by loosening the screw at the top.

The bag connects to the patient through a one- way 
valve to direct exhaled air to the atmosphere. The other 
end connects to the oxygen supply and can attach to a 
reservoir bag which allows high concentrations (up to 98%) 
of oxygen to be delivered. Without the reservoir bag, only 

concentrations of up to 40% can be delivered. The bag 
itself is easily dismantled and reassembled. It is important to 
realise that this system will operate without an attached 
oxygen supply, allowing resuscitation to be initiated before 
oxygen is available. However, if resuscitation is failing, check 
that oxygen is being delivered into the bag and to the patient 
and that the oxygen supply has not been disconnected.

Always use high- fl ow oxygen (if available) and a 
reservoir bag during resuscitation apart from at birth 
where room air is satisfactory for almost all babies 
(see Section 3.2).

It is also important to clean the system after each 
patient.

FIGURE 1.13.10 Two sizes of self-infl ating bags and masks.

It is essential that the mask is properly sized and cor-
rectly placed over the mouth and nose of the patient (see 
Figures 1.13.11 and 1.13.12). 

FIGURE 1.13.11 (a) Correct placement of infant mask. (b), (c) and 
(d) Incorrect placement of infant mask.

FIGURE 1.13.12 Two views of single-handed grip on mask.



61

Section 1.13

FIGURE 1.13.13 Two-handed grip on mask incorporating jaw 
thrust.

If the chest does not rise, the airway is not clear. The 
usual cause is failure to correctly apply the airway- opening 
techniques discussed previously. The fi rst step to try is to 
readjust the head- tilt/chin- lift position and try again. If this 
is not successful, the jaw- thrust manoeuvre should be tried 
(see Figure 1.13.13). Failure of both the head- tilt/chin- lift 
and jaw- thrust manoeuvres should lead to suspicion that 
a foreign body is causing the obstruction.

Once breathing has restarted, replace the bag-
valve-mask system with a simple face mask and 
reservoir. Because of the internal valves it is not possible 
to spontaneously breathe through the bag-valve-mask 
system.

Chest tubes 
In cases with a signifi cant haemothorax or pneumothorax 
(particularly tension pneumothorax), ventilation may be 
compromised and insertion of a chest drain is mandatory 
(see Section 8.3). 

Gastric tubes 
Insertion of a gastric tube is essential after intubation, 
and may also relieve respiratory distress in spontaneously 
breathing patients with abdominal emergencies or gastric 
stasis. It allows decompression of a stomach full of air from 
both bag and mask ventilation as well as air swallowed by a 
distressed patient. Without a gastric tube, the patient may 
vomit or there may be aspiration of stomach contents. In 
addition, venting of stomach gas will avoid diaphragmatic 
splinting. A nasogastric tube will increase airway resistance 
through the nose, which in a spontaneously breathing infant 
with respiratory failure can be signifi cant. An orogastric tube 
has less effect on ventilation, but is less readily tolerated 
and less easily fi xed in position.

Further information
Additional breathing procedures are described in 
Section 5.2.B (on spacers and nebulisers), Section 8.3 

Shockable
VF/

pulseless VT
Asystole/ 

PEA

SAFETY
Approach with care
Free from danger?

SHOUT
for help

Airway-opening 
manoeuvres

Look, listen, feel

5 rescue breaths

Check for signs of life
Check pulse 

Take no more than 10 seconds 

CPR
15 chest compressions: 2  ventilations

STIMULATE
Are you all right?

Non-shockableAssess 
rhythm

FIGURE 1.13.14 Initial approach to cardiac arrest. CPR, cardiopulmonary resuscitation; VF, ventricular fi brillation; VT, ventricular 
tachycardia; PEA, pulseless electrical activity.
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(on needle thoracocentesis) and Section 8.3 (on chest 
drain insertion).

Circulation: equipment and skills for 
maintaining the circulation 
Details of how to undertake the following procedures are 
covered in Section 8.4:

 O peripheral venous cannulation
 O blood sampling from an IV cannula
 O intraosseous cannulation and infusion 
 O cutdown long saphenous venous cannulation 
 O insertion of central venous catheters
 O needle pericardiocentesis.

Management of cardiac arrest
Cardiac arrest occurs when there is no effective cardiac 
output. Before any specifi c therapy is started, effective 
basic life support must be established (see Figure 1.13.14).

Four cardiac arrest rhythms can occur:
1 asystole
2 pulseless electrical activity (including electromechanical 

dissociation)
3 ventricular fi brillation
4 pulseless ventricular tachycardia.

These are divided into two groups. Asystole and pulseless 
electrical activity, which do not require defi brillation, are 
called ‘non- shockable’ rhythms. Ventricular fi brillation and 
pulseless ventricular tachycardia, which do require defi bril-
lation, are called ‘shockable’ rhythms. 

Non- shockable cardiac arrest
Asystole 
This is the most common cardiac arrest rhythm in infants 
and children, and in pregnant mothers. The response of 
the heart to prolonged severe hypoxia and shock (which 
are the usual pathologies in these groups) is progressive 
bradycardia leading to asystole.

The ECG will distinguish asystole from ventricular fi brilla-
tion, ventricular tachycardia and pulseless electrical activity. 
The ECG appearance of ventricular asystole is an almost 
straight line; occasionally P- waves are seen (see Figure 
1.13.15). Check that the appearance is not caused by an 
artefact (e.g. a loose wire or disconnected electrode). Turn 
up the gain on the ECG monitor.

FIGURE 1.13.15 ECG appearance of asystole.

Pulseless electrical activity (PEA)
This is the absence of a palpable pulse or other signs of 
life despite the presence on the ECG monitor of recognis-
able complexes that normally produce a pulse (see Figure 
1.13.16). PEA is treated in the same way as asystole, and 
is often a pre- asystolic state. 

PEA in children and pregnant mothers is often due to 

major trauma, often with an identifi able and reversible cause 
such as severe hypovolaemia, tension pneumothorax or 
pericardial tamponade. PEA is also seen in hypothermic 
patients and in those with electrolyte abnormalities. It may 
be seen after massive pulmonary thromboembolus.

FIGURE 1.13.16 Pulseless electrical activity (PEA) in a child with 
no pulse or signs of life.

Management of asystole/PEA in children and 
pregnant mothers
The fi rst essential step is to establish ventilations and 
chest compressions effectively. Ensure a patent airway, 
initially using an airway manoeuvre to open the airway and 
stabilising it with an airway adjunct. Ventilations are provided 
initially by bag and mask with high- concentration oxygen. 

Provide effective chest compressions at a rate of 
100–120 per minute with a compression:ventilation ratio 
of 15:2. The depth of compression should be at least one- 
third of the antero- posterior diameter of the chest, and 
compressions should be given in the middle of the lower 
half of the sternum. Ideally a cardiac monitor is attached. 
Properly performed basic life support is key to any chance 
of successful resuscitation from cardiac arrest. Ensure that 
the person performing chest compressions is keeping the 
correct rate and depth of compression, and if possible 
change operator every 2 to 3 minutes, to avoid fatigue 
causing poor performance.

If asystole or PEA is identified, give adrenaline 
10 micrograms/kilogram (0.1 mL of 1:10 000 solution/
kg) intravenously or intra- osseously in children and 
1 mg IV in pregnant mothers. Adrenaline increases coro-
nary artery perfusion, enhances the contractile state of the 
heart and stimulates spontaneous contractions. The drug 
is best given through a central line, but if one is not in place 
it may be given through a peripheral line. Where there is 
no existing IV access, the IO route is recommended as the 
route of choice, as it is rapid and effective. In each case, the 
adrenaline is followed by a normal crystalloid fl ush (2–5 mL).

Consider the 4 Hs 
and 4 Ts (see main text)

If there are signs of life, check rhythm
If there is perfusable rhythm, check 

pulse

Continue CPR

High-flow O2 
IV/IO access

If possible, intubate

2 minutes 
of 

CPR

Post cardiac arrest 
treatment

ROSC

Assess rhythm
Give adrenaline 

immediately and then 
every 4 minutes

10 mcg/kg IV or IO

FIGURE 1.13.17 Algorithm for the treatment of non-shockable 
(asystole and PEA) rhythms in children. Doses of drugs used  in 
pregnancy are given in the text above. CPR, cardiopulmonary 
resuscitation; IV, intravenous; IO, intra-osseous; ROSC, return of 
spontaneous circulation.
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If available, and as soon as is feasible, a skilled and 
experienced operator should intubate the patient’s air-
way. This will both control and protect the airway and 
enable chest compressions to be given continuously, 
thus improving coronary perfusion. Once the patient has 
been intubated and compressions are uninterrupted, the 
ventilation rate should be 10–12 breaths per minute. It is 
important for the team leader to check that the ventilations 
remain adequate when chest compressions are continu-
ous. An algorithm for non- shockable rhythms is shown in 
Figure 1.13.17.

During and following adrenaline treatment, chest com-
pressions and ventilation should continue. It is vital that 
chest compressions and ventilations continue uninterrupted 
during advanced life support, as they form the basis of the 
resuscitative effort. The only reason for interrupting com-
pressions and ventilation is to shock the patient if necessary 
(see below), and to check the rhythm. A brief interruption 
may be necessary during diffi cult intubation. Giving chest 
compressions is tiring for the operator, so if enough person-
nel are available, change the operator frequently and ensure 
that they are achieving the recommended rate of 100–120 
compressions per minute together with a depression of 
the chest wall by at least one- third of the antero- posterior 
diameter of the chest. 

At intervals of about 2 minutes during the delivery of 
chest compressions, pause briefl y to assess the rhythm on 
the monitor. If asystole persists, continue CPR while again 
checking the electrode position and contact. 

 O If there is an organised rhythm, check for a pulse and 
signs of life. 

 O If there is a return of spontaneous circulation (ROSC), 
continue post- resuscitation care, increasing the ventila-
tion rate to 12–20 breaths per minute. 

 O If there is no pulse and no signs of life, continue the 
protocol.

 O Give adrenaline about every 4 minutes at a dose of 
10 micrograms/kg IV/IO in children and 1 mg IV in 
pregnant mothers. 

In pregnant mothers, if there is asystole or a slow heart 
rate (< 60 beats/minute), give atropine 3 mg IV just once 
to counteract any excessive vagal tone.

Reversible causes of cardiac arrest
The causes of cardiac arrest in childhood and pregnancy 
are multifactorial, but the two commonest fi nal pathways 
are through hypoxia and hypovolaemia.

All reversible factors are conveniently remembered as 
the 4Hs and 4Ts (see below). Sometimes cardiac arrest is 
due to an identifi able and reversible cause, such as shock 
due to massive haemorrhage. In the trauma setting, cardiac 
arrest may be caused by severe hypovolaemia, tension 
pneumothorax or pericardial tamponade.

It is often appropriate to give an early IV bolus of Ringer- 
lactate or Hartmann’s solution (10 mL/kg in a child and 
500 mL to 1 litre in a mother, depending on her weight), 
as this will be supportive in cases related to severe hypo-
volaemia. In addition, however, a tension pneumothorax 
and/or pericardial tamponade require defi nitive treatment. 
Continuing blood replacement and the prevention of haem-
orrhage may also be required.

Rapid identifi cation and treatment of reversible causes 
such as hypovolaemic shock, hypothermia, electrolyte 

and acid–base disturbance, tension pneumothorax and 
pericardial tamponade are vital.

During CPR it is important to continually consider and 
correct reversible causes of the cardiac arrest based on 
the history of the event and any clues that are found dur-
ing resuscitation.

The 4Hs and 4Ts
1 Hypoxia is a prime cause of cardiac arrest in childhood, 

and its reversal is key to successful resuscitation.
2 Hypovolaemia may be signifi cant in arrests associated 

with trauma, gastroenteritis, pregnancy- related haem-
orrhage, anaphylaxis and sepsis. It requires infusion 
of crystalloid, and in the case of haemorrhage, blood 
should be given.

3 Hyperkalaemia, hypokalaemia, hypocalcaemia, 
acidaemia, hypermagnesaemia (following excess 
magnesium sulphate in eclampsia) and other meta-
bolic abnormalities may be suggested by the patient’s 
underlying condition (e.g. renal failure, eclampsia), tests 
taken during the resuscitation or clues from the ECG. 
Intravenous calcium (0.2 mL/kg of 10% calcium gluco-
nate in children and 10 mL of 10% calcium gluconate in 
pregnant mothers) is indicated in cases of magnesium 
overdose, hyperkalaemia and hypocalcaemia.

4 Hypothermia is associated with drowning incidents 
and requires particular care. A low- reading thermometer 
must be used to detect it (see Section 7.3.E).

5 Tension pneumothorax and cardiac Tamponade are 
especially associated with PEA and are often found in 
trauma cases.

6 Toxic substances, resulting either from accidental or 
deliberate overdose or from an iatrogenic mistake, may 
require specifi c antidotes. 

7 Thromboembolic phenomena (pulmonary or amniotic 
fl uid) in pregnancy.

Shockable cardiac arrest
These arrhythmias are less common in children and in 
pregnant mothers, but either of them may be expected in 
patients with sudden collapse, hypothermia, poisoning by 
tricyclic antidepressants, or cardiac disease. The protocol 
for ventricular fi brillation (VF) (see Figure 1.13.18) and pulse-
less ventricular tachycardia (pVT) (see Figure 1.13.19) is the 
same, and is shown in Figure 1.13.20.

A sudden witnessed collapse is also suggestive of a 
VF/pVT episode.

FIGURE 1.13.18 An episode of ventricular fi brillation.

FIGURE 1.13.19 Ventricular tachycardia.
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FIGURE 1.13.20 Algorithm for the treatment of shockable (VF and 
pVT) rhythms in children. Doses of drugs and size of shock used 
in pregnancy are given in the text below. CPR, cardiopulmonary 
resuscitation; IV, intravenous; IO, intra-osseous; ROSC, return of 
spontaneous circulation.

If the patient is being monitored, the rhythm can be 
identified before significant deterioration occurs. With 
immediate identifi cation of VF/pVT, asynchronous electri-
cal defi brillation of 4 joules/kg in children and 200 joules in 
pregnant mothers should be undertaken immediately and 
the protocol continued as described below.

In unmonitored patients, basic life support will have 
been started in response to the collapse, and VF/pVT will 
be identifi ed when the cardiac monitor is put in place. 

An asynchronous shock of 4 joules/kg in children 
and 200 joules in pregnant mothers should be given 
immediately and CPR immediately resumed without 
reassessing the rhythm or feeling for a pulse. Immediate 
resumption of CPR is vital because there is a pause between 
successful defi brillation and the appearance of a rhythm on 
the monitor. Cessation of chest compressions will reduce 
the likelihood of a successful outcome if a further shock 
is needed. However, no harm accrues from ‘unnecessary’ 
compressions. 

Paediatric paddles (4.5 cm) should be used for children 
under 10 kg. 

One electrode is placed over the apex in the mid- axillary 
line, while the other is placed immediately below the clavicle 
just to the right of the sternum. If the paddles are too large, 
one should be placed on the upper back, below the left 
scapula, and the other should be placed on the front, to 
the left of the sternum. 

Automated external defi brillators (AEDs) are now com-
monplace in well- resourced countries. The standard adult 
shock is used for children over 8 years of age. For children 
under 8 years, attenuated paediatric paddles should be 
used with the AED (if available). 

For infants under 1 year of age, a manual defi brilla-
tor which can be adjusted to give the correct shock is 
recommended. However, if an AED is the only defi brillator 
available, its use should be considered, preferably with 
paediatric attenuation pads. The choice of defi brillation 
for infants in decreasing order of preference is as follows:

1 manual defi brillator
2 AED with dose attenuator
3 AED without dose attenuator.

Many AEDs can detect VF/VT in children of all ages, and 
differentiate between ‘shockable’ and ‘non- shockable’ 
rhythms with a high degree of sensitivity and specifi city.

If the shock fails to defi brillate, attention must revert to 
supporting coronary and cerebral perfusion as in asystole. 
Although the procedures for stabilising the airway and 
obtaining circulatory access are now described sequentially, 
they should be undertaken simultaneously under the direc-
tion of a resuscitation team leader.

The airway should be secured, the patient ventilated 
with high- fl ow oxygen, and effective chest compressions 
continued at a rate of 100–120 per minute, with a com-
pression depth of at least one- third of the antero- posterior 
diameter of the chest, and a ratio of 15 compressions to 
2 ventilations. As soon as is feasible, a skilled and experi-
enced operator should intubate the child’s airway. This 
will both control and protect the airway and enable chest 
compressions to be given continuously, thus improving 
coronary perfusion. Once the patient has been intubated 
and compressions are uninterrupted, the ventilation rate 
should be 10–12 breaths per minute. It is important for the 
team leader to check that the ventilations remain adequate 
when chest compressions are continuous. Obtain circu-
latory access. Whenever venous access is not readily 
obtainable, intra- osseous access should be considered 
early on in children, as it is rapid and effective. Central 
venous lines provide more secure long- term access, but 
they offer no advantages compared with IO or peripheral 
IV access. In each case any drug is followed by a crystal-
loid fl ush (2–5 mL).

Two minutes after the fi rst shock, pause the chest 
compressions briefl y to check the monitor. If VF/VT is still 
present, give a second shock of 4 joules/kg and immedi-
ately resume CPR, commencing with chest compressions.

Consider and correct reversible causes (the 4Hs and 
4Ts) while continuing CPR for a further 2 minutes. 

Pause briefl y to check the monitor.
If the rhythm is still VF/VT, give a third shock of 4 joules/

kg. 
Once chest compressions have resumed, give adrena-

line 10 micrograms/kg in children and 1 mg in pregnant 
mothers IV and amiodarone 5 mg/kg in children and 
300 mg in pregnant mothers intravenously or intra- 
osseously, fl ushing after each drug.

After completion of the 2 minutes of CPR, pause briefl y 
to check the monitor, and if the rhythm is still VF/VT give an 
immediate fourth shock of 4 joules/kg and resume CPR.

After a further 2 minutes of CPR, pause briefl y to check 
the monitor and if the rhythm is still shockable, give an 
immediate fi fth shock of 4 joules/kg. 

Once chest compressions have resumed, give a second 
dose of adrenaline 10 micrograms/kg and a second dose 
of amiodarone 5 mg/kg intravenously or intra- osseously in 
children and 1 mg of adrenaline IV and 150 mg amiodar-
one in pregnant mothers. An amiodarone infusion can 
be continued if there is refractory VF/pVT of 900 mg over 
24 hours in adults and 15 mg/kg over 24 hours in children.

After completion of the 2 minutes of CPR, pause briefl y 
before the next shock to check the monitor. Continue giving 
shocks every 2 minutes, minimising the pauses in CPR as 

Consider the 4 Hs and 
4 Ts (see main text)

If there are signs of life, check rhythm
If there is perfusable rhythm, check 

pulse

DC shock
4 J/kg

High-flow O2 
IV/IO access
If possible, 

intubate

2 minutes of  
CPR

Post cardiac arrest 
treatment

ROSC

Assess rhythm
Give adrenaline after third 
DC shock and then every 

alternate DC shock
10 mcg/kg IV or IO

Amiodarone after third and 
fifth  DC shock only

5 mg/kg IV or IO
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much as possible. Give adrenaline after every alternate 
shock (i.e. every 4 minutes) and continue to seek and treat 
reversible causes. 

Note: After each 2 minutes of uninterrupted CPR, pause 
briefl y to assess the rhythm on the monitor.

In addition, if at any stage there are signs of life, such 
as regular respiratory effort, coughing or eye opening, stop 
CPR and check the monitor.

 O If the rhythm is still VF/VT, continue with the sequence 
as described above.

 O If the rhythm is asystole, change to the asystole/PEA 
sequence.

 O If organised electrical activity is seen, check for signs 
of life and a pulse. If there is ROSC, continue post- 
resuscitation care. If there is no pulse (or a pulse of < 60 
beats/minute) and no other signs of life, continue the 
asystole/PEA sequence.

In VT or VF that does not respond to the above sequence, 
and where there is no evidence of previous administration 
of magnesium for eclampsia, consider giving magnesium 
sulphate 25–50 mg/kg up to a maximum of 2 grams in chil-
dren and an 8 mmol IV bolus (4 mL of 50% magnesium 
sulphate) in pregnant mothers. 

Sodium bicarbonate
If VF/VT is due to tricyclic antidepressant overdose or 
hyperkalaemia, sodium bicarbonate may be helpful. Give 
1 mmol/kg (1 mL/kg of an 8.4% solution or 2 mL/kg of a 
4.2% solution) in children, and give 50 mmol in pregnant 
mothers. 

Amiodarone
Amiodarone is the treatment of choice in shock- resistant 
ventricular fi brillation and pulseless ventricular tachycardia. 
The dose of amiodarone for VF/pulseless VT is 5 mg/kg via 
rapid IV/IO bolus in children, and 300 mg IV in pregnant 
mothers.

Lidocaine is an alternative to amiodarone if the latter is 
unavailable. The dose is 1 mg/kg IV or IO in children and 
100 mg as an IV bolus in pregnant mothers. 

It is DC shock that converts the heart back to a perfusing 
rhythm, not the drug. The purpose of the anti- arrhythmic 
drug is to stabilise the converted rhythm, and the purpose 
of adrenaline is to improve myocardial oxygenation by 
increasing coronary perfusion pressure. Adrenaline also 
increases the vigour and intensity of ventricular fi brillation, 
which increases the success rate of defi brillation.

Precordial thump
A precordial thump may be given in monitored patients in 
whom the onset of VT or VF is witnessed, if there are several 
clinicians present and if the defi brillator is not immediately 
to hand. However, it is rarely effective, and early activation 
of emergency services and obtaining an AED are more 
appropriate. Start CPR as soon as possible.

Drugs used in non- shockable and shockable 
cardiac arrest
Oxygen
Although 100% oxygen must be used during the resus-
citation process, once there is return of spontaneous 
circulation (ROSC) this can be detrimental to tissues that 

are recovering from hyperoxia. Pulse oximetry should be 
used to monitor and adjust for oxygen requirement after a 
successful resuscitation. Saturations should be maintained 
in the range 94–98%. Always ensure that oxygen delivery is 
discontinued during defi brillation shocks, to avoid the risks 
of explosions and fi re.

Adrenaline
Adrenaline is the fi rst- line drug for treatment of cardiac 
arrest. Its effect is to increase blood fl ow to the brain and 
myocardium by constricting alternative arterioles. It renders 
the myocardium more susceptible to defi brillation.

The initial IV or IO dose is 10 micrograms/kg (0.1 mL/
kg of 1 in 10 000 solution) in children and 1 mg (1 mL of 1 
in 1000 solution) in pregnant mothers. In children with no 
existing IV access, the intra- osseous route is recommended 
as the route of choice, as it is rapid and effective. In each 
case, adrenaline is followed by a 0.9% saline fl ush (2–5 mL).

Sodium bicarbonate 
Good basic life support is more effective than alkalising 
agents, which may be considered if spontaneous circulation 
has not returned after the fi rst or second dose of adrenaline. 
Sodium bicarbonate is recommended in the treatment of 
patients with VT/VF due to hyperkalaemia and tricyclic 
antidepressant overdose (see above). 

The dose is 1 mmol/kg in children (1 mL/kg of an 8.4% 
solution or 2 mL/kg of 4.2% solution), and 50 mmol in 
pregnant mothers. 

 O Sodium bicarbonate must not be given in the same intra-
venous line as calcium, otherwise precipitation will occur.

 O Sodium bicarbonate inactivates adrenaline and dopa-
mine, so the line must be fl ushed with Ringer- lactate 
or Hartmann’s solution if these drugs are subsequently 
given.

 O Sodium bicarbonate must not be given via the intra- 
tracheal route.

Glucose
Hypoglycaemia is defi ned as a glucose concentration of 
less than 2.5 mmol/litre (45 mg/dL).

All patients, but especially infants and preschool chil-
dren, can become hypoglycaemic when seriously ill. Blood 
glucose levels should therefore be checked frequently, and 
hypoglycaemia must be corrected. If it is suspected and 
blood glucose levels cannot be measured, always give 
2–5 mL/kg of 10% glucose in children or 100 mL of 25% 
glucose in pregnant mothers, preferably IV if not enter-
ally (via a gastric tube). Make 100 mL of 25% glucose by 
adding 50 mL of 50% glucose to 50 mL of Ringer- lactate 
or Hartmann’s solution. If blood glucose levels can be 
measured, avoid hyperglycaemia (maintain blood glucose 
concentration below 12 mmol/litre).

Cardiac arrest and cardiopulmonary 
resuscitation in the obstetric patient
Background
Cardiac arrest in late pregnancy or during delivery is rare, 
and maternal survival rates are very low (3–33% in published 
series). The cause of the arrest is not often reversed, and 
the physiological changes present in late pregnancy hinder 
effective CPR.

Cardiac arrest in the mother results in absent uterine 
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perfusion, and the fetus will also die. Even when CPR is 
ideal, it is not possible to generate a cardiac output of 
more than 30%. 

Causes
These include the following: 

 O massive haemorrhage
 O pulmonary embolism
 O trauma
 O amniotic fl uid embolism
 O severe infection
 O local anaesthetic toxicity.

Physiological changes of pregnancy that 
relate to cardiopulmonary resuscitation

 O Pregnant mothers more easily develop hypoxaemia. 
 O The enlarged uterus along with the resultant upward 

displacement of the abdominal viscera decreases lung 
compliance. 

 O The most serious physiological change is aorto- caval 
compression in the supine position. It is essential that 
CPR is performed in the left lateral position in any 
pregnant woman where the uterus is a signifi cant 
intra- abdominal mass (usually after 20 weeks’ gesta-
tion). During closed- chest cardiac compression the best 
cardiac output that can be achieved is between one- 
fourth and one- third of normal. Although many factors 
contribute to this, poor venous return to the heart is of 
paramount importance. At term the vena cava is com-
pletely occluded in 90% of supine pregnant patients. 
This results in a decrease in cardiac stroke volume of 
as much as 70%. It is helpful to manually displace 
the uterus to the left in advanced pregnancy (see 
Figure 1.13.21).

 O Caesarean section performed early in resuscita-
tion greatly improves the effectiveness of maternal 
resuscitation.

Perimortem Caesarean section
 O Caesarean section should be performed as soon as pos-

sible, as described in Section 1.12 on basic life support. 
This will immediately relieve the vena caval obstruction 
and increase the likelihood of survival for both infant 
and mother. CPR must be continued throughout the 
procedure until spontaneous and effective cardiac 
activity occurs. 

 O Assisted ventilation may have to be continued for a 
longer period of time. Some infants have survived when 
delivered after 20 minutes of maternal resuscitation.

 O Without Caesarean section, less than 10% of mothers 
who arrest in hospital will survive to discharge. Removal 
of the infant improves maternal circulation during resus-
citation, and cardiac output immediately increases by 
20–25%.

Perform the Caesarean section with a midline vertical 
incision, or whatever method the operator is most 

familiar with, and remove the baby as fast as possible. 
Remove lateral tilt when the baby is delivered.

When to stop resuscitation
Local guidelines should be in place. Resuscitation efforts 
are unlikely to be successful, and cessation can be consid-
ered, if there is no return of spontaneous circulation at any 
time after 20 minutes of life support and in the absence of 
recurring or refractory VF/VT. The exceptions are patients 
with a history of poisoning or a primary hypothermic insult, 
in whom prolonged attempts may occasionally be success-
ful. Prolonged external cardiac compressions during which 
central (femoral or arterial) pulses were felt have successfully 
resuscitated patients with tricyclic antidepressant overdose.

The presence of the parents at the child’s side during 
resuscitation enables them to gain a realistic understanding 
of the efforts made to save their child’s life. In general, family 
members should be offered the opportunity to be present 
during the resuscitation of their child.

The most important points can be summarised as 
follows:

 O A staff member (if available) must be designated as the 
parents’ support and interpreter of events at all times. 

 O The team leader, not the parents, decides when it is 
appropriate to stop the resuscitation.

 O If the presence of the parents is impeding the progress 
of the resuscitation, they should be sensitively asked 
to leave. 

 O The team needs a debriefi ng session to support staff 
and refl ect on practice.

FIGURE 1.13.21 Displacing the gravid uterus to the left.
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1.14 High- dependency care in pregnancy and 
childhood

High- dependency care is a service provided for patients 
with potentially recoverable pathological processes 
who can benefi t from more detailed observation and 
treatment than is generally available on the standard 
hospital ward.

High- dependency care is usually provided for patients with 
threatened or established organ failure, which may have 
arisen as a result of:

 Q an acute illness
 Q a complication of pregnancy or delivery
 Q trauma
 Q a predictable phase in a planned treatment programme 

(e.g. after major surgery).

Introduction
Health needs are best met through an integrated approach 
involving several agencies, including primary and secondary 
healthcare, education and social services. Together such 
services may help to prevent some of the conditions 
that lead to patients requiring intensive care. For exam-
ple, vaccination programmes will decrease the number of 
children who develop respiratory failure due to preventable 
diseases such as pertussis and measles. Education and 
legislation are important for reducing the number of individu-
als who are seriously injured in road traffi c accidents and in 
accidents in the home.

High- dependency care is a low- volume, high- demand 
specialty. Women and girls with complications of pregnancy 
and children under 2 years of age account for most of 
those who require high- dependency care. There also may 
be seasonal variation, with a peak in the winter months 
associated with respiratory- related illness, or a peak in the 
rainy season associated with malaria.

Dedicated intensive care units in large tertiary care 
centres have been shown to have the best outcomes. 
Ideally, every country in the world should have units that 
provide this service. However, the majority of patients 
who require high- dependency or intensive care will 
present to smaller peripheral hospitals rather than to 
large tertiary centres. Therefore it is absolutely essential 
that staff in smaller district hospitals are able to recognise 
and appropriately treat sick children and pregnant women 
in the early stages of their illness (see EESS- EMNCH 
programme – Essential and Emergency Surgical Skills 
– Emergency Maternal, Neonatal and Child Healthcare 
Manual and Pocket Book, which can be found on the MCAI 
website: www.mcai.org.uk).

All medical and nursing staff who undertake high- 
dependency care should be well trained in emergency care 
so as to be able to stabilise critically ill or injured patients, 
and initiate appropriate medical therapy, which may involve 
intubation and ventilation. A proportion of such patients may 
then be safely transferred to an intensive care unit if this is 
still appropriate and a bed is available. Often, with good 
initial resuscitation and early diagnosis and treatment, the 

need for intensive care can be avoided. In a patient who 
requires intensive care, there should be early consultation 
with the regional/national intensive- care unit, usually by 
telephone or radio, so that further management can be 
jointly decided until a retrieval team, if available, arrives to 
collect the patient. 

Transportation of critically ill patients (see Section 1.19), 
particularly those receiving assisted ventilation, requires 
appropriately trained staff and equipment. Transportation 
is best thought of as ‘a high- dependency care bed on 
wheels’, and the aim should be that the patient does not 
deteriorate during transport. Before the patient is moved, 
proper resuscitation and stabilisation are essential.

Children and pregnant mothers exhibit fundamental 
differences that infl uence the training of staff and the type 
and size of equipment available. These differences extend 
across anatomy, physiology, pharmacology and behaviour. 
However, both of these patient groups have less reserve 
and tend to decompensate early and quickly. They also 
have a greater capacity to make a full recovery. 

Provision of high- dependency care is not just about 
equipment and facilities. The surrounding environment 
and contact with their family is crucial to the promotion of 
a patient’s recovery.

Levels of high- dependency/intensive care
There are three levels of care that are designed to make 
the most appropriate use of staff and equipment resources 
(see Table 1.14.1). In most resource- limited countries, only 
Level 1 care is likely to be available, and then only in the 
most well- funded hospitals, such as those in the capital 
cities or where medical students are trained. 

The majority of patients can be managed at Level 1 
with close monitoring, good nursing care and appropriate 
medical therapy. By providing optimal therapy it is often 
possible to prevent the deterioration of the patient (e.g. 
through good fl uid management, early but appropriate 
treatment with antibiotics, and the use of oxygen). 

Many hospitals will have poor outcomes if patients 
have to be ventilated in sites where there is a lack of 
maintained ventilators, and no reliable oxygen source or 
blood gas analyser. As far as possible in countries with 
limited resources, intubation and ventilation should be 
avoided until they are absolutely necessary. Many patients 
can tolerate high pCO2 levels with a compensated pH – it 
is hypoxia that is potentially fatal. It may be appropriate to 
develop and have available non- invasive modes of ventila-
tory support, such as nasal mask or cannula continuous 
positive airways pressure (CPAP), nasal or face mask 
intermittent positive pressure ventilation (IPPV), bilevel 
positive airways pressure (BiPAP), or negative pressure 
ventilation (CNEP or INPV). Similarly, the more invasive 
a procedure or monitoring process is, the greater the risk 
of complications. 

Finally, it is essential that hospitals which provide high- 
dependency care have an on- site biomedical engineer to 
keep all of the equipment serviced and safe. 
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TABLE 1.14.1 Levels of high dependency and intensive care 

Level 3 (intensive care)
Multi- organ failure

Ideally one or more nurses per patient

Invasive monitoring

Examples: ventilation, haemofi ltration

Optimise medical therapy

Level 2 (intensive care)
Single- organ failure

Ideally one nurse per patient

Non- invasive or invasive monitoring

Example: ventilation

Intubate B
Extubate ?Optimise medical therapy 

Level 1 (high- dependency care)
Requirement for closer observation and monitoring than is 
available on the standard ward

Ideally one nurse for every two patients

Non- invasive monitoring

Examples: after major surgery, non- intubated child with severe croup, pregnant woman with severe pre- eclampsia or eclampsia

Minimum standards for a lead centre 
providing intensive care
Medical staff

 O Senior doctors or physician assistants with appropriate 
training in high- dependency care medicine.

 O Training programme for junior medical staff specialising 
in high- dependency care.

 O Provision of 24- hour cover at both senior and junior level.
 O Resident junior cover for 24 hours by staff with skills in 

emergency care and resuscitation, whose only clinical 
responsibility is to the high- dependency care unit.

 O Access on site to other specialist consultants (e.g. 
obstetrician, paediatrician, ENT surgeon, anaesthetist).

Nursing staff
 O Nursing staff with training in high- dependency care and 

resuscitation.
 O Ongoing training and support for nursing staff.
 O Continuous 24- hour observation of each patient at all 

times by a nurse qualifi ed in high- dependency care, with 
observations documented.

Support staff
 O Availability of a physiotherapist.
 O Availability of a pharmacist 24 hours a day. 
 O Availability of a dietitian.
 O Availability of a biomedical engineer 24 hours a day.

Equipment and drugs
 O Medical staff and nursing staff with training in how to 

use all equipment.
 O Equipment maintained on a regular basis and according 

to manufacturer’s guidelines by a biomedical engineer.
 O Controlled drugs, especially morphine, available imme-

diately and for 24 hours a day.

Retrieval service
 O Available 24 hours a day from the community or other 

health facilities without high- dependency care (e.g. via an 
emergency ambulance service; see www.reproductive-
health-journal.com/content/pdf/1742-4755-7-21.pdf).

 O Does not take staff from the high- dependency unit, 
leaving it uncovered.

 O Usually an experienced doctor, midwife or nurse.
 O Able to provide phone or radio advice.
 O Equipped with portable battery- operated monitors 

(ECG, heart rate, respiratory rate, oxygen saturation) 
and suction. Possible to provide hand bag ventilation 
by face mask or endotracheal tube rather than have a 
transport ventilator.

Clinical effectiveness and management
 O Protocols for admissions, discharges, retrievals, resusci-

tation and stabilisation, and for treating major conditions.
 O Data collection and regular audit of deaths and near- miss 

cases to improve care provided.

Facilities for families
 O Access for carers of children and partners of pregnant 

mothers at all times.
 O Accommodation and food for families.
 O Maternal and Child Health Initiative (MCHI) environment 

(see MCHI manual).

Essential equipment for the high- 
dependency care of children and 
pregnant mothers
 1 Beds that are manually operated to tilt the head up or 

feet down.
 2 Wedges for lateral tilt for pregnant mothers.



69

Section 1.15

 3 Suction systems and suction catheters, both electrical 
and manual (ideally wall suction).

 4 Pulse oximeters and ECG monitors (one for each bed).
 5 Resuscitation trolley containing drugs and equipment 

(particularly oropharyngeal airways, laryngoscopes 
with spare bulbs, endotracheal tubes and introducers, 
bag-valve-masks (child and adult), masks with reservoir 
bags.

 6 Mobile screens.
 7 Mobile oxygen cylinders and one oxygen concentra-

tor for each bed, with face masks and nasal cannulae 
(infant, child and adult).

 8 Wall sockets (six per bed).
 9 One basic infant ventilator and one child/adult ventilator.
 10 Nasal or mask CPAP systems (neonatal, child and 

adult).
 11 Two automatic external defi brillators (AEDs).
 12 Infusion pumps (if there are suffi cient staff).
 13 IV drip stands.
 14 Basic CVP monitoring system.
 15 Blood warmer (ideally).
 16 Fridge for pharmacy drugs.
 17 Fridge for blood for transfusion.

 18 Lockable cupboard for drugs not needing refrigeration.
 19 Metal lockable cupboard for controlled drugs.
 20 Cupboard for storing IV fl uids.
 21 End-of-bed chart tables and specially designed high-

dependency care charts.
 22 One portable ultrasound scanner.
 23 One portable fetal heart monitor.
 24 Burette giving sets.
 25 Portable examination light.
 26 Portable fans.
 27 Suitable storage boxes (preferably easy to clean and 

label).
 28 Blackboard for documenting priority issues for each 

patient.
 29 Wall-mounted pathways of care.
 30 Hand wash facilities × 3/4.
 31 Separate sluice and patient and staff toilet and washing 

facilities.
 32 Steriliser.

For details of procedures that are likely to be used in high- 
dependency care, see Section 2.13 (on obstetrics) and 
Section 7 (on children and all- age trauma).

1.15 Pain control in pregnancy and childhood

Introduction
It is ethically wrong and a failure of professional duties 
for any patient to suffer uncontrolled pain. 

 O Uncontrolled pain has adverse cardiovascular, respira-
tory, immunological and metabolic consequences, as 
well as long- term psychological effects.

 O Both pharmacological and non- pharmacological 
approaches are valuable in both acute and chronic pain.

 O Attempts should be made to anticipate and pre-
vent pain rather than trying to relieve it when it 
is established. This method usually results in less 
analgesia being needed. ‘As- required’ regimens should 
be avoided. Analgesics should be used in regular and 
adequate doses.

 O There is little place for IM pain relief, particularly as a 
repeated treatment. Many patients would rather suffer 
and hide their pain than receive IM analgesia.

 O If a conscious child has to be restrained for a proce-
dure, this must be done kindly but fi rmly by a person or 
persons (ideally a parent or caregiver) and not by con-
traptions such as straitjackets or the tying down of limbs.

 O It is vital to ask for and value the patient’s own judge-
ment concerning the adequacy of pain relief provided. 

 O When beginning a course of treatment for pain it is 
important to realise that such treatment may continue 
for a long time. Pain must be controlled quickly from 
the onset to ensure confi dence in treatment, with 
an emphasis on preventative measures.

Assessment of pain 
 O Establish the severity of pain that is being experienced.
 O Help to select the right amount and type of pain relief. 
 O Indicate the success of pain management. 

Methods for assessing pain
 O Description by the patient (self- reporting), possibly 

involving the use of a self- report scale (see Figures 
1.15.1 and 1.15.2)

 O Observation of behavioural changes (e.g. crying, guard-
ing of the injured part, facial grimacing). This method is 
best for children in collaboration with carers. The Alder 
Hey Triage Pain Score may be useful in this context (see 
Appendix on p. 80).

 O Physiological changes (e.g. vasoconstriction, tachycar-
dia, tachypnoea). However, these can also be due to 
serious medical causes.

 O Expectation of pain because of the pathophysiology 
involved (e.g. obstructed labour, placental abruption, 
fracture, burn or other signifi cant trauma). 

 O Keeping a diary of long- term pain. 

FIGURE 1.15.1 Visual scale for assessing the severity of pain.
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Problems with assessing pain
 O Suffering being hidden by a frightened patient, especially 

a child.
 O Diffi culty in differentiating anxiety from pain.
 O Family members (and healthcare professionals) may 

underestimate or overestimate pain.
 O Pre- verbal and non- verbal children (and any older patient 

with learning diffi culties or with sensory handicap) may 
not be able to adequately express their need for pain 
control.

 O Cultural factors (beliefs, perceptions and behaviour).

Treatment of pain
Many patients, particularly babies and children, are under- 
treated for pain because of:

 O fear of the harmful side effects of medications
 O failure to accept that children feel pain in the same way 

that adults do 
 O fear of receiving IM injections 
 O limited availability of the required spectrum of pain 

medications.

Methods for reducing pain without drugs
Environmental factors
Negative aspects of the environment should be minimised 
or removed. These include an overly ‘clinical’ appearance, 
and evidence of invasive instrumentation. Needles should 
be kept out of sight. An attractive, decorated environment 
with toys, mobiles and pictures may help the child to feel 
more relaxed.

 O Privacy is important.
 O Pain caused by fractures can be reduced by splinting 

to immobilise them.
 O Pain from burns can be reduced by applying a light 

covering. 
 O Parents should be present with their child during inva-

sive procedures, unless there are very good medical 
reasons why they should be excluded, or they choose 
not to be present. 

Supportive and distractive techniques for 
children
Age- appropriate distraction strategies include:

 O the presence of familiar objects (comforters) (e.g. pillow, 
soft cuddly toy)

 O singing, concentrating on nice things, jokes, games 
and puzzles

 O imaginary journeys
 O blowing soap bubbles 
 O breathing out (but not hyperventilation, which may 

increase anxiety) 

 O a mirror that allows the child to see the view through a 
nearby window

 O listening to stories or music.

Drug treatment for pain using local 
anaesthetic drugs
Infi ltration (the most widely used method)
Lidocaine 0.5–2% 

 O Used for rapid and intense sensory nerve block. 
 O Onset of action is within 2 minutes; the procedure must 

not be started until an anaesthetic effect is evident.
 O Effective for up to 2 hours. 
 O Doses:

 — neonates to 12 years: maximum dose given locally 
3 mg/kg – 0.3 mL/kg of 1% solution or 0.6 mL/kg of 
0.5% solution (7 mg/kg with 1 in 200 000 adrenaline) 

 — children over 12 years and pregnant mothers: up to a 
maximum of 200 mg (500 mg if used with adrenaline) 
not more than 4- hourly.

 O Adrenaline is rarely added in children and never for digits.
 O Strength: 1% or 0.5%.
 O Preparation of lidocaine 0.5% solution. Combine: 

 — lidocaine 1%, 1 part 
 — Ringer- lactate or Hartmann’s solution or sterile dis-
tilled water, 1 part.

Do not use local anaesthetic containing adrenaline in areas 
served by an end artery or with a poor blood supply (e.g. 
fi nger, toe, penis), as tissue necrosis will occur.

Advantages of adding adrenaline include the following: 
 O less blood loss 
 O longer effect of anaesthetic (usually 1–2 hours) 
 O lower risk of toxicity because of slower absorption into 

the general circulation. 

The concentration of adrenaline to use is 1:200 000 
(5 micrograms/mL). In children, the maximum dose of 
adrenaline is 5 micrograms/kg.

Note: It is critical to measure adrenaline carefully and 
accurately using a 1- mL or, at the most, 2- mL syringe. (An 
insulin syringe may be used if a regular 1- mL syringe is 
not available.) Mixtures must be prepared observing strict 
infection prevention practices.

TABLE 1.15.1 Formulas for preparing 0.5% lidocaine solutions 
containing 1:200 000 adrenaline

Desired 
amount of local 
anaesthetic 
needed (mL)

Ringer- lactate 
or Hartmann’s 
solution (mL)

Lidocaine 
1% (mL)

Adrenaline 
1:1000 (mL)

20 10 10 0.1 

40 20 20 0.2 

100 50 50 0.5 

200 100 100 1.0 

Local infi ltration into an abscess is not recommended, 
because local anaesthetics are ineffective in infl amed 
tissues.

FIGURE 1.15.2 A commonly used faces pain scale for assessing 
the severity of pain in children.
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Complications of local anaesthesia 
Prevention of complications

 O If more than 40 mL of 0.5% lidocaine are to be used, 
add adrenaline as described above. Procedures that 
may require more than 40 mL of 0.5% lidocaine are 
Caesarean section and repair of extensive perineal tears. 

 O Use the lowest effective dose. 
 O Inject slowly. 
 O Avoid accidental injection into a vessel. There are three 

ways of doing this: 
 — the moving needle technique (preferred for tissue 
infi ltration): the needle is constantly in motion while 
injecting, which makes it impossible for a substantial 
amount of solution to enter a vessel

 — the plunger withdrawal technique (preferred when 

considerable amounts are injected into one site): the 
syringe plunger is withdrawn before injecting, and if 
blood appears the needle is repositioned and another 
attempt is made

 — the syringe withdrawal technique: the needle is 
inserted and the anaesthetic is injected as the syringe 
is being withdrawn.

Symptoms and signs of lidocaine allergy and toxicity 
Lidocaine can be absorbed through mucous membranes in 
a large enough dose to be toxic.

Symptoms of allergy: shock, redness of skin, skin 
rash/hives, bronchospasm, vomiting, serum sickness (see 
Sections 2.7.C and 5.1.B on anaphylaxis in mothers and 
children, respectively).

TABLE 1.15.2 Lidocaine toxicity

Mild toxicity Severe toxicity Life- threatening toxicity (very rare)

Numbness of lips and tongue Sleepiness Tonic–clonic convulsions 

Metallic taste in mouth Disorientation Respiratory depression or arrest

Dizziness/lightheadedness Muscle twitching and shivering Cardiac depression or arrest

Ringing in ears Slurred speech

Diffi culty in focusing eyes

 O Direct intra- arterial or IV injection of even a small amount 
may result in cardiac arrhythmias and convulsions (see 
above).

 O Resuscitative facilities and healthcare professionals with 
resuscitative skills should be present.

 O Lidocaine can be absorbed through mucous mem-
branes in suffi cient concentration to be toxic. 

Immediately stop injecting and prepare to treat severe and 
life- threatening side effects. 

If symptoms and signs of mild toxicity are observed 
wait a few minutes to see if the symptoms subside. Check 
vital signs and talk to the patient. Delay the procedure for 
at least 4 hours if possible. 

Adrenaline toxicity
This is caused by excessive amounts or inadvertent IV 
administration, and results in: 

 O restlessness 
 O sweating 
 O hypertension 
 O cerebral haemorrhage 
 O rapid heart rate 
 O cardiac arrest.

Bupivacaine 0.25%
 O This is used to provide longer- lasting local anaesthesia.
 O Onset of action is up to 30 minutes. 
 O It is effective for up to 8 hours. 
 O Maximum dosage is 2 mg/kg (in mothers the pre- 

pregnant weight is used for calculations).

For uses of other preparations of bupivacaine, see 
Section 1.24. 

Local anaesthetics given through the 
surface of the skin or mucous membranes
1 Lidocaine: apply on gauze to painful mouth ulcers 

before feeds (apply with gloves, unless both the family 
member and the patient are HIV- positive, in which case 
the family member does not need protection from infec-
tion). It acts within 2–5 minutes.

2 TAC (tetracaine–adrenaline–cocaine): apply to a 
gauze pad and place over open wounds; it is particularly 
useful when suturing. Care needs to be taken close to 
mucous membranes to avoid toxicity from absorption 
of cocaine. If available, other topical anaesthetic agents 
such as lidocaine–adrenaline–tetracaine seem to be 
equally effective and avoid the potential toxicity associ-
ated with cocaine. 

Systemic drug treatment for pain
The World Health Organization (WHO) has altered the previ-
ous three- step approach to the treatment of pain, removing 
the use of codeine between Step 1 and Step 2 (see Figure 
1.15.3). Although widely available, codeine is unpredictable 
in its effects, due to its very variable metabolism between 
individuals, with the potential for both toxicity and inad-
equate analgesia. It is now recommended that if Step 1 
drugs do not control pain, morphine should be used next.

Non- opiate analgesics
Paracetamol

 O This is the most widely used analgesic and anti- pyretic. 
 O It does not cause respiratory depression. 
 O It is dangerous in overdose but a very safe and effective 

drug if used in recommended doses.
 O It is given by mouth, rectally or intravenously.

 — The maximum daily dose should not be given for 
more than 3 days.

 — Caution is needed in patients with liver impairment.
 — There are no anti- infl ammatory effects.
 — Paracetamol can be combined with NSAIDs and both 
have a morphine- sparing effect, lowering the dose, 
and therefore severity of side effects of morphine.
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Non- steroidal anti- infl ammatory drugs 
(NSAIDs) (e.g. ibuprofen, diclofenac)

 O These are anti- infl ammatory, anti- pyretic drugs with 
moderate analgesic properties. 

 O They are less well tolerated than paracetamol, causing 
gastric irritation, platelet disorders and bronchospasm. 

 O They should be avoided in patients with gastric ulcera-
tion, platelet abnormalities or signifi cant asthma. 

 O NSAIDs are especially useful for post- traumatic and 
bone pain because of their anti- infl ammatory effect. 

 O They are given by the oral or rectal route (e.g. diclofenac). 

Caution: do not give NSAIDs in the third trimester of preg-
nancy, as they may close the ductus arteriosus and predispose 
to pulmonary hypertension of the newborn. They may also 
delay the onset and progress of labour.

There is a risk of gastric haemorrhage through whichever 
route the NSAIDs are given.

Opiate analgesics
For a discussion of the importance of properly storing, han-
dling and monitoring the use of morphine, see Section 1.6.

Morphine
 O Morphine is the most important drug in the world for 

pain control, and the WHO recommends that it should 
be universally available. 

 O In resource- limited countries it is mostly adminis-
tered orally, which is useful for chronic or anticipated 
pain but less effective for acute pain. The latter 
requires IV administration of morphine.

 O At an appropriate dose, analgesia occurs without 
impaired consciousness.

 O Nausea and vomiting are rare with oral treatment, but 
when morphine is given intravenously for the fi rst time 
it may produce this side effect.

Intravenous use of morphine
 O In single doses it has minimal haemodynamic effects in 

a supine patient with normal circulating blood volume.
 O In hypovolaemic patients it can contribute to hypoten-

sion. Therefore:
 — monitor the patient’s cardiovascular status 
 — have an IV fl uid bolus of Ringer- lactate or Hartmann’s 
solution ready (20 mL/kg for a child and 500 mL to 1 
litre for pregnant mothers).

 O In excessive dosage it can produce a dose- dependent 
depression of ventilation and decreased respiratory rate, 
leading to apnoea.

 O Patients who are receiving morphine in hospital (where 
it is often intravenously administered) need observation 
and/or monitoring of respiratory rate and sedation. 

 O Morphine is better controlled by the IV than the IM 
route. If using the IV route, give a small dose initially and 
repeat every 3–5 minutes until the patient is comfortable. 
Individuals vary widely with regard to the dose needed 
to provide pain relief. It is rarely appropriate to give 
morphine intramuscularly, and for patients who are 
in shock, giving morphine IM is dangerous, as it 
can be initially poorly absorbed, and then quickly 
absorbed when perfusion improves, potentially 
leading to too high a blood level of the drug. 

 O Morphine can also be given by subcutaneous infusion in 
hospital (e.g. as a post- operative analgesic), especially 
if small battery- operated syringe drivers are available.

 O Intravenous morphine can be dangerous in situations of 
raised intracranial pressure without the means to provide 
respiratory support.

 O During late pregnancy or delivery, morphine can cause 
respiratory depression in the neonate. 

*An adjuvant is another drug (e.g. steroid or anxiolytic) or type of treatment (e.g. TENS or 
radiotherapy) that can prevent and relieve pain.

FIGURE 1.15.3 WHO two-step analgesic ladder. 

TABLE 1.15.3 Orally administered drugs for mild or moderate pain

Medicine Neonate 0–29 days Infant 30 days to 
3 months

3 months to 12 years Maximum 
daily dose 

In pregnancy

Paracetamol 10 mg/kg every 6–8 hours

Maximum 4 doses in 
24 hours

5 mg/kg if jaundiced

10 mg/kg every 
4–6 hours

15 mg/kg up to 1 g every 
4–6 hours

Maximum 4 doses/4 g in 
24 hours

4 doses in 
24 hours

500 mg to 1 g 
6- hourly

Ibuprofen Not recommended Not recommended 5–10 mg/kg every 
6 hours

40 mg/kg/day Do not use in 
pregnancy

Diclofenac Not recommended Not recommended Over 6 months, 
0.3–1 mg/kg 3 times daily

3 mg/kg/day Do not use in 
pregnancy
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Naloxone
Naloxone is an opiate antagonist that reverses the sedative, 
respiratory- depressive and analgesic effects of morphine, 
and so should be given to treat morphine overdose. 

Preparations of non-opioid drugs:
Doses can be obtained from the British National Formulary 
and the newly published PCF4 Palliative Care Formulary, 
available at www.palliativedrugs.com/palliative- care- 
formulary.html (accessed July 2014).

Paracetamol: oral suspension, 120 mg/5 mL, 
250 mg/5 mL; tablets, 500 mg.

Ibuprofen: oral suspension, 100 mg/5 mL; tablets, 
200 mg, 400 mg.

Diclofenac: tablets, 25 mg, 50 mg; dispersible tablets, 
10 mg.

Notes on ibuprofen and diclofenac
 O Do not use in patients less than 1 year old, or in 

pregnancy.
 O Caution is needed in patients with asthma, liver or renal 

failure.
 O Contraindications include dehydration, shock, bleeding 

disorders and hypersensitivity to aspirin.
 O NSAIDs and paracetamol can be used in combination.

If rectal drugs are available, the doses are similar to oral 
doses.

TABLE 1.15.4 Intravenous paracetamol for mild or moderate pain

Age/weight Dose Maximum dose in 24 hours

Preterm over 32 weeks 7.5 mg/kg every 8 hours 25 mg/kg

Term neonate 10 mg/kg every 4–6 hours 30 mg/kg

Pregnant woman or child less than 50 kg body weight 15 mg/kg every 4–6 hours 60 mg/kg

Pregnant woman or child more than 50 kg body weight 1 g every 4–6 hours 4 g 

Intravenous paracetamol
 O Paracetamol IV is formulated as a 10 mg/mL aqueous 

solution (in ready- to- use 50- mL and 100- mL vials for 
infusion over 15 minutes).

 O It is useful, effective and safe. 
 O The peak analgesic effect of IV paracetamol occurs 

within 1 hour, with a duration of approximately 4–6 hours.
 O Ensure that the correct dose is given, as serious liver 

toxicity can occur in overdose.

 O Side effects are rare. They include rashes, blood disor-
ders and hypotension on infusion.

 O Caution is needed in patients with severe renal impair-
ment, severe malnutrition (and thus low reserves of 
hepatic glutathione) or dehydration.

 O Paracetamol helps to reduce the amount of narcotics 
required when used in combination with them.

TABLE 1.15.5 WHO advice: oral and rectal morphine for severe pain in hospital

Age Dose Interval

1 month to 1 year 80–200 micrograms/kg Every 4 hours

1–2 years 200–400 micrograms/kg Every 4 hours

2–12 years 200–500 micrograms/kg Every 4 hours

Over 12 years and in pregnancy 5–10 mg Every 4 hours

Note: the upper doses seem quite high – if a child weighs 
20 kg, they would be receiving 10 mg – the same as an adult. 

We suggest that you start with the lower dose and give 
more frequently, e.g. every hour if needed, until the patient is 
comfortable, then increase the dose if morphine needs to be 
given every hour. The Table immediately below (Table 1.15.6) 
already has lower doses.

Almost all patients with chronic pain can be managed 
with oral morphine when this is given in the doses shown 
in Tables 1.15.6 and 1.15.7 in combination with non- opioid 
analgesics

These are starting doses and can be increased as neces-
sary on an individual patient basis if pain is not controlled

TABLE 1.15.6 British National Formulary (BNF) and BNF for Children (BNFc) recommended doses for oral and rectal morphine

Age Initial dose (adjust according to response) Interval

1–3 months 50–100 micrograms/kg Every 4 hours

3–6 months 100–150 micrograms/kg Every 4 hours

6–12 months 200 micrograms/kg Every 4 hours

1–2 years 200–300 micrograms/kg Every 4 hours

2–12 years 200–300 micrograms/kg Every 4 hours

12–18 years 5–10 mg Every 4 hours

Adults/pregnant mothers 5–10 mg Every 4 hours
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Preparations of morphine
1 Prepared mixture:

 O 10 mg/5 mL
 O 30 mg/5 mL
 O 100 mg/5 mL.

2 Morphine oral solutions can be made by dissolving 
powder in clean water, and are available in Africa at con-
centrations of 5 mg/5 mL, 50 mg/5 mL and 100 mg/5 mL.

3 Tablets: 10 mg, 20 mg and 50 mg.
4 Suppositories: 15 mg and 30 mg.
5 Slow- release tablets:10 mg, 30 mg, 60 mg and 100 mg.

6 Slow- release suspension sachets: 5 mg, 20 mg, 30 mg, 
60 mg, 100 mg and 200 mg.

Note: See Section 1.16 on palliative care for use of mor-
phine at home.

Parenteral morphine
IV morphine is only needed if oral or rectal preparations 
are not going to be absorbed (e.g. in shock) or where rapid 
emergency onset is needed. IV morphine is potentially less 
safe, especially if staff shortages mean that the correctly 
calculated dose is not given. 

TABLE 1.15.7 Intermittent IV (bolus) morphine dosage*

Age Dose Interval Maximum dose

Neonate 25–50 micrograms/kg Every 6 hours

1–6 months 100 micrograms/kg Every 6 hours 2.5 mg/dose

6 months to 2 years 100 micrograms/kg Every 4 hours 2.5 mg/dose

2–12 years 100–200 micrograms/kg Every 4 hours

Over 12 years and in 
pregnancy

10 mg Every 4 hours

* We suggest that the total dose recommended is drawn up in 10 mL 0.9% saline and that 2 mL boluses of this solution are given 
every 3–5 minutes until the patient is comfortable. Also, if pain returns despite regular paracetamol/nonsteroidal analgesia, further 
dose of oral/IV morphine can be given within 6 hours if the respiratory rate is normal and the patient is not sedated.

Intravenous infusion of morphine requires continuous moni-
toring including oxygen saturation and respiratory rate and 
sedation score every 5 minutes for the fi rst 15 minutes after 
start of the infusion and every 15 minutes subsequently for 
one hour and at least every 30 minutes after that. It should 
only be undertaken in a high dependency care situation. 
In resource limited situations, intermittent IV boluses as in 
Table 1.15.7 are safer. 

Monitoring during morphine administration:
Side effects occur only in overdose and should not be seen 
at the doses stated here. They include the following:
1 Respiratory depression. If the respiratory rate is:

 O < 20 breaths/minute in patients aged less than 
6 months

 O < 16 breaths/minute in those aged less than 2 years
 O < 14 breaths/minute in those aged 2–10 years
 O < 12 breaths/minute in those aged 10–18 years and 

in pregnant mothers

alert medical staff and ensure that bag-valve-mask and 
naloxone are available.

Monitor SaO2 as appropriate (it should be higher than 
94% in air).

2 Constipation. Use prophylactic laxatives.
3 Monitor for urinary retention.
4 Patients with liver and renal impairment may need lower 

doses and longer time interval between doses.Caution 
in patients with head injuries

Always ventilate with bag-valve-mask fi rst if patient is unre-
sponsive before giving naloxone. This is because arrhythmias 
and pulmonary oedema can be caused if naloxone is given 
to a patient with high blood carbon dioxide concentrations. 

Naloxone doses to reverse opioid induced respiratory 
depression
1 Neonate to 1 month of age: 5–10 microgram/kg 

repeated every 2–3 minutes until adequate response
2 1 month to 12 years of age: 5–10 microgram/kg, sub-

sequently 100 mcg/kg 
3 12 to 18 years and in pregnancy: – 0.2–2.0 mg/kg. 

Repeat at intervals of 2–3 minutes to a maximum of 
10 mg.

If respiratory rate is low, but the patient’s oxygen satu-
ration is acceptable (>94%) with facemask oxygen, in 
order to avoid complete reversal of analgesia draw up 
400 microgram naloxone into 20 mL and give 1–2 mLs every 
2 minutes until the patient is rousable and the respiratory 
rate increased to an appropriate rate for age.

Preparations of naloxone: Ampoule 20 microgram/mL 
Give IV or IM if IV is not possible. Repeat after 2–3 min-

utes if there is no response; the second dose may need to 
be much higher (up to 100 micrograms/kg). An IV infusion 
may be needed if protracted or recurrent depression of 
respiration occurs because naloxone is short acting com-
pared with most opioids.

Starting dose for naloxone infusion: 60% of the dose that 
maintained adequate respiration for 15 minutes.

Alternatively: Neonate – 5 to 20 microgram/kg/hour, 
adjusted according to response; 1 month to 18 years and 
in pregnancy – 5 to 20 microgram/kg/hour.

(For the newborn, to treat respiratory depression due 
to maternal opioid administration during labour or delivery 
200 microgram as a single IM dose is recommended or 
60 microgram/kg.)
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Prevention and treatment of nausea and vomiting due to 
initial high-dose morphine
1 Cyclizine. This covers the widest range of causes of 

nausea and vomiting with the least side effects. It is not 
recommended orally in children < 2 years and rectally 
< 6 years.

The IV doses are:
 O 1 month to 6 years: 500 microgram to 1 mg/kg 

8 hourly
 O 6 to 12 years: 25 mg 8 hourly
 O 12 to 18 years and in pregnancy: 50 mg 8 hourly

2 Domperidone – where gastric emptying is a problem, 
then as in Table 1.15.8 for doses.

TABLE 1.15.8 Domperidone for prevention and treatment of 
nausea and vomiting

Domperidone

Oral Rectal

From 1 month up to 35 kg in a 
child:

250–500 micrograms/
kg 3–4 times daily, up to a 
maximum of 2.4 mg/kg in 
24 hours

Over 35 kg and in pregnant 
mothers:

10–20 mg 3–4 times daily, up 
to a maximum of 80 mg daily

Tablets, 10 mg

Suspension, 5 mg/5 mL

Not recommended for 
children weighing < 15 kg

Children weighing 
15–35 kg, 30 mg twice 
daily

Children weighing > 35 kg 
or in pregnant mothers, 
60 mg twice daily

Suppositories, 30 mg

Both of the above can cause extrapyramidal side effects, 
including acute dystonia, which can be treated with diaz-
epam IV 100 microgram/kg, or, if over 12 years and in 
pregnancy, 5–10 mg IV.

Specifi c clinical situations in which 
analgesia may be required
Invasive procedures

 O These are often painful, undignifi ed, or both. Ideally they 
should be undertaken in a treatment room so that other 
patients are not frightened by the procedures, and so 
that the patient’s bed- space remains a safe place that 
is not associated with such events. 

 O Such procedures often have to be repeated. Therefore 
provide optimal treatment on the fi rst occasion in order 
to reduce the likelihood of dread of future procedures.

 O Fear is often the main emotion that needs to be 
addressed, so explain each step.

 O Both pharmacological and non- pharmacological meth-
ods should be used. 

 O For major procedures that require powerful analgesia/
sedation, two healthcare workers should be present – 
one to perform the procedure and the other to administer 
analgesia and sedation and ensure that the airway is 
maintained.

 O Major procedures include chest drain insertion and 
repeated lumbar puncture. Such procedures may 
be best undertaken under general anaesthesia or 
ketamine if this can be given safely (which may not 
be the case in resource- limited countries).

 O For venous cannulation, size- appropriate catheters must 

be available. For example, it is not appropriate to use 
an 18-  or 20- gauge cannula in a neonate. Although the 
use of local anaesthetic creams (e.g. EMLA) prior to can-
nulation represents best practice, they are expensive. 
In some circumstances, the urgency of the situation will 
not allow use of local anaesthetic creams.

 O Give analgesics at an appropriate time before the proce-
dure (30 minutes beforehand for IM and 30–60 minutes 
beforehand for oral medication depending on the drug 
used) aiming for maximal effect during the procedure.

 O Check the level of anaesthesia by pinching the area with 
forceps. If the patient feels the pinch, wait 2 minutes 
and then retest. 

 O Wait a few seconds after performing each step or task 
for the patient to prepare for the next one.

 O Handle tissue gently and avoid undue retraction, pulling 
or pressure.

 O Talk to the patient throughout the procedure. 

Analgesia during labour
For severe pain, give morphine bolus 2.5–5 mg and 
repeat once after 5 minutes if the pain is not controlled. 
Then wait 2–4 hours before repeating.

Nitrous oxide plus oxygen can be effective in reduc-
ing pain during labour (see Section 2.3).

Barbiturates and sedatives should never be used to 
relieve anxiety in labour.

Severe pain
 O Severe pain is likely to occur in obstetric emergencies, 

post- operatively, and in patients with major trauma, 
signifi cant burns, or displaced or comminuted fractures.

 O Give IV morphine as described in Table 1.15.6. 
 O A further dose can be given after 5–10 minutes if suf-

fi cient analgesia is not achieved. 
 O Monitor ABC (heart rate, respiratory rate, chest wall 

expansions, blood pressure, SaO2). 
 O Have IV Ringer- lactate or Hartmann’s solution available 

(20 mL/kg for children and 500 mL to 1 litre for pregnant 
mothers as a bolus if hypotension occurs following IV 
morphine injection: this is unusual).

 O Ketamine could be used as an alternative.

Head injuries
 O An analgesic dose does not necessarily cause sedation. 
 O If the patient is conscious and in pain, the presence of 

a potential deteriorating head injury is not a contrain-
dication to giving morphine. Give IV up to a maximum 
dose of 100 micrograms/kg for a child or 5 mg for a 
pregnant mother.

 O If the patient’s conscious level does deteriorate, 
assess ABC. If hypoventilation occurs, ventilate with a 
bag- valve- mask. 

 O If necessary, a dose of naloxone will help to distinguish 
whether reduced conscious level is due to morphine 
or increasing intracranial pressure, as it will reverse the 
effects of the morphine, including the analgesic effect.

Pre- operative management
This should include patient assessment, including a history 
of previous painful experiences from the patient and fam-
ily (the parents of a child). The following questions should 
be asked.

 O What sort of painful things have happened in the past?
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 O How does the patient usually react to sudden pain? 
And to chronic pain?

 O Does the patient tell you (or others) if he or she is in pain?
 O What does the patient do to get relief from pain?
 O Which actions appear to be most effective?

Pain management during surgery
 O Morphine/NSAIDs can reduce post- operative pain (but 

do not give NSAIDs to pregnant patients).
 O Consider wound infi ltration with bupivacaine or lidocaine.
 O Use local or regional anaesthetic as part of the overall 

strategy (see Section 1.24).

Prophylactic anti- emetics for children aged 4 years or 
older and in pregnancy when morphine is part of the 
post- operative pain control plan can be very effective (see 
Table 1.15.10).

Post- operative pain management
 O Provide analgesia before the pain becomes established; 

the amount of pain can often be anticipated depending 
on procedure.

 O Use safe and effective doses of morphine along with other 
analgesics to reduce the amount of morphine required. 

 O Avoid intramuscular injections.
 O Assess, give analgesia, and then reassess.
 O Those most at risk of poor pain control are children with 

limited or no verbal ability.
 O If the pain seems to be out of proportion to surgical 

trauma, consider the possibility of surgical complications 
and arranged reassessment by surgeons.

 O If the patient is asleep, assume that the pain level is 
acceptable. Don’t wake them up to make an assess-
ment, count the respiratory rate and check regularly 
whether they are still asleep. If they are awake and lying 
quietly do not assume that they are comfortable without 
asking them.

Special issues with regard to pain in the 
newborn infant 

 O Most studies (some of them controlled) have shown that 
neonates (both premature and full term) react to pain.

 O Infants can easily be forced to put up with suffering. 
 O Small doses should be measured and given with an 

oral syringe.
 O Adequate general anaesthesia, using morphine when 

needed, should be given for all surgical procedures on 
neonates.

 O Local anaesthetics must be used when they would be 
used in an older child undergoing the same procedure.

Pain control during procedures in neonates
 O A sugar- dipped dummy, coated with 2 mL of 25–50% 

sucrose 2 minutes before the procedure, can be helpful. 
 O Breastfeeding during procedures may be equally helpful. 
 O In all cases, comfort and containment (swaddling) should 

be provided by a parent or nurse.

Pain management in high- dependency care
 O Where possible, all invasive procedures should be elec-

tive. Every effort should be made to avoid unexpected 
emergency procedures, such as intubation, by adequate 
monitoring of airway, oxygenation and chest movement.

 O Emergency procedures are frequently extremely 
painful, dangerous to the patient, and often can 

be avoided by early recognition of a deteriorating 
condition (see Section 1.11).

 O Muscle relaxants should be avoided if possible and 
never be used unless the patient is pain free, sedated 
and being ventilated.

 O Provide a day/night cycle (uninterrupted natural sleep 
can reduce the need for analgesia/sedation).

 O Ensure that there is minimal noise and low lighting from 
8 pm to 8 am.

 O Emergency admissions at night should take place away 
from sleeping patients.

 O Monitors should be set to alarm audibly only when this 
is essential. 

 O Consider the use of ear plugs, especially when the 
patient is paralysed.

 O Provide human input through voice, touch, music, cud-
dling, rocking, holding and pacifying.

 O Consider the use of distraction, play therapy, relaxation, 
behavioural techniques, hypnosis and aromatherapy, 
particularly for patients who are undergoing long- term 
intensive/high- dependency care.

 O Provide privacy whenever possible.
 O Be alert for depression after prolonged intensive care.
 O Consider the use of methadone and clonidine for the 

control of morphine and sedation withdrawal after pro-
longed treatment.

Sedation
Sedation is not recommended for use in pregnancy after 
the fi rst trimester, because of the risks of re- gurgitation and 
aspiration if the airway is not protected. 

A health worker skilled in anaesthesia should be asked 
for advice and help with managing conditions where seda-
tion is being considered.

Sedation in children
 O This may be useful when added to analgesics for lengthy 

or repeated procedures. The aim of sedation is to make 
the procedure more comfortable while allowing verbal 
contact with the patient to be maintained.

 O Start with a small dose IV, wait for 2–3 minutes, observe 
the response, and repeat the dose if necessary. 

 O Sedation relieves anxiety but not pain. 
 O Sedation may reduce a patient’s ability to communicate 

discomfort, and therefore should not be given without 
concomitant analgesia if there is pain.

 O Side effects include hyper- excitability or prolonged seda-
tion, delaying discharge after the procedure. 

Sedation and anaesthesia form a spectrum. If you give 
enough ‘sedation’ you can induce anaesthesia (i.e. loss of 
consciousness and the inability to feel pain). This is why it is 
not recommended in pregnancy, because of the increased 
risk of aspiration of stomach contents into the lungs, caus-
ing life-threatening pneumonia.

The fi ne distinction lies in the ability of the patient to 
maintain vital functions without assistance, and to respond 
to being roused (see Table 1.15.9).

Any healthcare worker who is administering a sedative, 
especially a benzodiazepine, must stay with the patient and 
have available a bag-valve-mask of suitable size and be able 
to use it to ventilate the patient if they develop abnormally 
slow breathing.
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TABLE 1.15.9 The differences between sedation and anaesthesia

Vital function Sedation General anaesthesia

Response to being roused Present Absent

Respiration Rate and depth may be slightly reduced Rate and depth are markedly reduced or absent

Swallowing refl ex Present Absent

Gag refl ex Present Absent

Cough refl ex May be reduced Absent

Cardiovascular stability Mild hypotension may occur Hypotension should be anticipated

Loss of any of the above refl exes is routine in anaesthetic 
environments, but should not occur when sedation is 
being provided.

Minimum information required to prescribe 
sedation
Anyone who is giving intravenous sedation could inadvert-
ently produce anaesthesia, and must therefore be able to 
deal with the possible consequences. This means that they 
must be able to:

 O support respiration
 O manage and maintain the airway
 O use suction appropriately
 O intubate if necessary.

High- dependency nursing (see Section 1.14) or peri- 
operative nursing care in the recovery room after surgery 
is required.

A combination of drugs may give better effects with 
fewer side effects than continually repeating doses of the 
same drug (e.g. morphine or ketamine combined with ben-
zodiazepine). Each of the drugs should be given separately 
and the doses adjusted.

Some patients are diffi cult to sedate for predictable 
reasons (e.g. treatment for epilepsy may make the dose 
required much higher than normal).

Some patients are very resistant to sedation, possibly 
due to excessive anxiety, so the fi rst dose of sedation may 
not succeed, and a higher dose may be needed.

Patients who need sedation should have their oral intake 
restricted as for anaesthesia.

Some children are more vulnerable to the effects of 
sedation, particularly those with respiratory or upper airway 
problems, causing complete upper airway obstruction and 
should not be sedated unless a health worker skilled in 
anaesthesia/airway management is present.

Sedation in children is diffi cult and potentially danger-
ous, and this practice is increasingly being abandoned.

 O Children may refuse to take sedatives.
 O The effects of sedatives in children are unpredictable.
 O The interval between taking the medicine and becoming 

sedated, and also the time taken to recover, are diffi cult 
to predict in children.

 O Some children, especially those who are very young, can 
take large doses of sedatives with no apparent effect.

 O Some children become paradoxically over- excited as a 
result of taking sedatives.

 O There is a danger that the dose needed to sedate a child 
will compromise the refl exes that protect the airway.

Wherever possible, procedures in children should be done 
without sedation. Instead ensure that, if possible, a parent 

or other familiar caregiver can stay with the child to reassure 
and comfort them. Give good analgesia with ketamine, oral 
morphine and local anaesthesia, and use skilful restraint to 
keep the child still. Explain carefully to the child, if they are 
old enough to understand, what you are doing at each stage 
of the procedure, to reduce their anxiety and encourage 
their cooperation.

The minimum information required to prescribe sedation 
includes the following:

 O age and weight if the patient is a child
 O the procedure for which sedation is required
 O the patient’s previous sedation history
 O any other drugs that are being taken
 O other major illnesses that affect respiratory function 

and upper airway competence
 O current health status, including coughs, colds and 

pyrexia
 O oral intake status.

TABLE 1.15.10 Patients at risk of airway obstruction/respiratory 
depression from the effects of sedation

Risk factor Underlying cause

Impaired 
upper airway
Obstruction

Croup
Foreign body
Congenital stridor (e.g. Pierre–Robin 
syndrome, cleft palate)
Baby with very blocked nose

Impaired 
refl exes

Pre- existing neuromuscular problems
Swallowing diffi culties
Known bulbar problems, especially if 
combined with refl ux

Impaired 
central 
respiratory 
drive

Head injury
Drug effects (opiates)
Raised intracranial pressure
Impaired level of consciousness
Encephalopathy (hypoxic, metabolic, infective)

Impaired 
respiratory 
muscle 
function

Neuropathy and myopathy
Chronic illness and weakness
Malnutrition
Prematurity
Infancy

Impaired lung 
function

Chest infection
Pleural effusions
Chronic lung disease

Impaired 
cardiovascular 
function

Haemorrhage
Sepsis
Drugs
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Sedative drugs commonly used for children
Promethazine (Phenergan) 
Give 0.5 mg/kg deep IM or IV or 1–2 mg/kg orally, up to a 
maximum of 50 mg.

Chloral hydrate
Chloral hydrate is more suitable for younger babies (less 
than 18 months of age or less than 15 kg), but may para-
doxically worsen agitation (e.g. in Down’s syndrome). 

TABLE 1.15.11 Sedative drugs

Drug Route Onset Duration Dose

Promethazine
Tablets: 10 mg

Oral 30 minutes to 
1 hour

Up to 12 hours Not recommended for patients under 
2 years of age

Children:

2–5 years, 15–20 mg

5–10 years, 20–25 mg

10–18 years, 25–50 mg

Promethazine
Liquid injection: 25 mg/mL

Slow IV or deep 
IM injection

30 minutes to 
1 hour

Up to 12 hours I month to 12 years: 

0.5–1 mg/kg (up to a maximum of 25 mg)

12–18 years:

25–50 mg

Chloral hydrate
Liquid: 100 mg/mL

Suppositories: 100 mg and 
500 mg

Oral or rectal 30 minutes to 
1 hour

1–2 hours Neonates to 12 years old:

30–50 mg/kg

12–18 years:

45–60 mg

Maximum dose 1 g

Management of long- term pain and pain 
during terminal care
This is discussed in Section 1.16.

Appendix: Alder Hey Triage Pain Score
Cry/voice
Score 0: Child is not crying and, although they may be 
quiet, they are vocalising appropriately with carer or taking 
notice of surroundings.

Score 1: Child is crying but consolable/distractible or 
is excessively quiet and responding negatively to carer. On 
direct questioning the child says it is painful.

Score 2: Child is inconsolable, crying and/or complain-
ing persistently about pain.

Facial expression
Score 0: Normal expression and affect.

Score 1: Some transient expressions that suggest pain/
distress are witnessed, but less than 50% of the time.

Score 2: Persistent facial expressions suggesting pain/
distress more than 50% of the time. 

Posture
This relates to the child’s behaviour towards the affected 
body area.

Score 0: Normal.
Score 1: Exhibiting increased awareness of the affected 

area (e.g. by touching, rubbing, pointing, sparing or limping). 
Score 2: Affected area is held tense and defended so 

that touching it is deterred; non- weight- bearing.

Movement
This relates to how the child moves their whole body.

Score 0: Normal.
Score 1: Movement is reduced or the child is noted to 

be restless/uncomfortable.
Score 2: Movement is abnormal, either very still/rigid or 

writhing in agony/shaking.

Colour (applicable only to children with paler skins)
Score 0: Normal.

Score 1: Pale.
Score 2: Very pale ‘green’, the colour that can some-

times be seen with nausea or fainting – extreme pallor.

Further reading
British National Formulary and British National Formulary 

for Children. www.bnf.org/bnf/index.htm (accessed 9 
December 2012).

WHO Guidelines on the Pharmacological Management of 
Persisting Pain in Children with Medical Illnesses. http://
whqlibdoc.who.int/publications/2012/9789241548120_
Guidelines.pdf (accessed 9 December 2012).

Freedom from Pain. Pharmacists working with doctors and 
nurses to secure this human right in Africa. A publication 
of Hospice Africa Uganda, PO Box 7757, Kampala. Email: 
info@hospiceafrica.org.ug
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1.16 Palliative care for children in resource- limited 
countries

Introduction
Most children who need palliative care in resource- limited 
countries will require identifi cation and treatment in the com-
munity rather than in hospital. Moreover, in the presence of 
effective care and support networks, home has frequently 
been demonstrated to be the best setting for palliative care 
for both the child and the family.

A high proportion of children do not reach hospitals in 
Africa. This percentage ranges from approximately 57% 
in Uganda to 85% in Ethiopia. Also, hospitals need to be 

aware that most families would wish for their child to die 
at home, where they can look after them and they can be 
buried with their ancestors near to the home. The cost of 
transporting a body is very high, so economic factors also 
play a part. 

Therefore any treatment that is given in the hospital must 
be of a kind that can be continued at home, otherwise the 
child will never be able to leave the hospital. Healthcare 
workers in hospital, with the support of Ministries of Health 
and community leaders, must set up systems to help com-
munity health workers to provide care in the community, 
including the safe management of morphine treatment 
when it is required. 

Allowing the family and child to choose the setting 
for palliative care is of great importance. However, it is 
recognised that the necessary resources may be minimal 
or absent in many locations, and local conditions will deter-
mine what options are available.

This section describes the use of affordable medications 
that have been proven to work in resource poor settings. In 
resource limited situations, it is vital that government funds 
are spent carefully on measures which work and are not 
too expensive thus ensuring that the poorest families can 
also receive their right to palliative care for their children.

Although palliative care actually means relief of symp-
toms in all care, the term is usually associated with relieving 
symptoms when the emphasis is no longer on cura-
tive treatment. The decision to stop or withdraw curative 
treatment will never be easy for parents or healthcare 
professionals, and may evolve over a period of time. It is 
important, however, to state that even when we cannot cure 
the body, it is never true that nothing more can be done.

Like all of us, children have personal needs, and careful 
attention must be given to the physical, social, emotional 
and spiritual needs of the child and their family. Staff, too, 
should be receiving support through what can be a dis-
tressing time.

Essential healthcare for the dying child
 O Include parents or familiar caregivers. 

 — This matters at all times.
 — Their familiar presence will comfort the child.
 — Even apparently unconscious children may still know 
their parents’ or caregivers’ voices.

 — Parents invariably want to be able to provide care 
for their child. This is a natural wish and can aid their 
own coping strategies.

 O Set realistic goals.
 — The art of terminal care is to know when both goal 
and treatment must change.

 — The goal is to help the child to enjoy and cope with 
what is left of their life.

 — It should be clearly and well communicated that 
resuscitation measures are not to be a feature of 
terminal care.

BOX 1.16.1 WHO defi nition of palliative care
Palliative care is an approach that improves the quality of 
life of patients and their families facing the problem asso-
ciated with life- threatening illness, through the prevention 
and relief of suffering by means of early identifi cation and 
impeccable assessment and treatment of pain and other 
problems, physical, psychosocial and spiritual. 
Palliative care:

 Q provides relief from pain and other distressing symptoms
 Q affi rms life and regards dying as a normal process
 Q intends neither to hasten nor to postpone death
 Q integrates the psychological and spiritual aspects of 

patient care
 Q offers a support system to help patients live as actively 

as possible until death
 Q offers a support system to help the family cope during 

the patient’s illness and in their own bereavement
 Q uses a team approach to address the needs of patients 

and their families, including bereavement counselling, 
if indicated

 Q will enhance quality of life, and may also positively 
infl uence the course of illness

 Q is applicable early in the course of illness, in conjunction 
with other therapies that are intended to prolong life, 
such as chemotherapy or radiation therapy, and includes 
those investigations needed to better understand and 
manage distressing clinical complications.

WHO defi nition of palliative care for children
 Q Palliative care for children is the active total care of the 

child’s body, mind and spirit, and also involves giving 
support to the family.

 Q It begins when illness is diagnosed, and continues 
regardless of whether or not a child receives treatment 
directed at the disease.

 Q Health providers must evaluate and alleviate a child’s 
physical, psychological, and social distress.

 Q Effective palliative care requires a broad multidiscipli-
nary approach that includes the family and makes use 
of available community resources; it can be successfully 
implemented even if resources are limited.

 Q It can be provided in tertiary care facilities, in community 
health centres and even in children’s homes.
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 — Our aim is now not to cure, and never to kill, but 
always to comfort.

 — The social needs and goals of a dying child include 
access to siblings and friends to play with and talk 
to. They should be made welcome.

 O Listen and explain.
 — It should be clear from the child’s deteriorating 
condition that the goals are changing and death 
is imminent. This must be gently explained and the 
parents’ and child’s questions answered. It is wise, 
especially with children, to clarify the real question 
that is being asked. Replies must be honest, but the 
truth should be shared sensitively, a little at a time.

 — Explanations are very important for both parents and 
children, and appropriate, understandable terms 
should be used.

 — Forewarning of procedures, with hugs and praise 
afterwards, will reduce fears and fantasies.

 — Honesty results in greater trust and cooperation than 
saying something won’t hurt when it will.

 — All of those involved, from a young child to an elderly 
grandparent, will harbour fears and anxieties. Active 
listening is a major part of caring for a dying child and 
their family. Great comfort can be derived from the 
acknowledgement and expression of anxiety, and 
this helps to dissipate the feelings of isolation that 
are frequently experienced.

 — Adolescents will also have particular concerns and 
worries, and often have spiritual needs as well. 
Spirituality is a major aspect of life even for younger 
children in Africa. All members of the team must be 
aware of this and ready to discuss it with them. 

 O List and treat the child’s symptoms.
 — In palliative care, symptom intervention and practical 
care are paramount.

 — Even with limited resources, symptoms can often be 
helped. Problem lists are a useful key to active needs.

 — The availability of drugs does not guarantee their 
skilful use, but when medication is used effectively it 
will make both life and death more bearable. It can 
be helpful to give the family a treatment chart show-
ing times or relationship to sunrise and sunset (see 
Figure 1.16.1). 

 — The child and carer together should make a list of all 
the symptoms. This can guide palliation even when 
the cause is incurable.

 — Ask the carer to chart extra doses required and any 
medication- related problems that arise.

The duration and nature of palliative care will be unique 
to each child and their particular disease. For those chil-
dren who cannot be cured (sadly they are the majority in 
resource- limited settings), highly effective symptom control 
is paramount to enable a good quality of life for the time 
that is remaining.

It is essential to approach the management of any 
symptom systematically.

For palliative care issues concerning HIV infection, see 
Section 6.2.D. 

Common symptoms
Pain
For pain assessment, see Section 1.15.

Principles of pain control
Pain is probably the most common symptom in palliative 
care, and is frequently seen in both malignant and non- 
malignant disease. It is a complex sensation related to the 
physiological insult to the tissues, but is also infl uenced by 
psychological, social and cultural factors.

It is helpful to think of severe pain in terms of response 
to opioids.

 O Opioid- responsive pain is relieved by opioids.
 O Opioid- semi- responsive pain is relieved by the concur-

rent use of an opioid and an adjuvant drug.
 O Opioid- resistant pain is not relieved by opioids.

Neuropathic or nerve pain is more likely to fall into the semi- 
responsive or unresponsive groups. Bone pain falls into the 
semi- responsive group.

Analgesic approaches to pain relief
The optimal approach to pain management in children 
includes drug therapy, with analgesics usually being the 
mainstay of treatment. Correct use of analgesic drugs 

Medicine Reason Morning 
 
 
 
 

A!ernoon Evening Night 

On Waking 10 am 12 noon 2 pm 6 pm 10 pm Bed"me 
 
 
 

        

Morphine  
5 mg in 5 mL 

 
Pain 2.5 mL 2.5 mL  2.5 mL 2.5 mL  5 mL 

 
Senna 

 
Cons"pa"on      2  

Ibuprofen 
200 mg 

 
Pain 2  2  2  2 

 
 
 

        

 
 
 

        

 
 
 

        

 

Medica"on chart for………………………………………………………………………….    Date……………………………….. 

FIGURE 1.16.1 Example of treatment chart for family use in the community.
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will relieve pain in most children, and should be based 
on the four key concepts recommended by the WHO:

 O by the ladder
 O by the clock (or by the sun if there is no clock!)
 O by mouth. Injections are not given at home because there 

are too few community health workers. Subcutaneous 
infusion pumps are not always acceptable, and also 
need close monitoring, which is often not possible

 O by the child or carer.

By the ladder
Use the ‘two- step’ approach to analgesia, non- opioids 
and opioids. The second step in the three- step ladder that 
was proposed in 1986 by the WHO is now widely being 
omitted, and a two- step ladder is used instead (see Figure 
1.16.2). This is because the middle step, namely codeine, is 
expensive and causes severe constipation, and if the child 
has cancer they will need morphine, so can commence with 
a small dose that can then be titrated to the pain. Pain is 
classifi ed as mild, moderate or severe, and the analgesic 
choices are adjusted accordingly. The ladder approach is 
based on drugs that are widely available in most countries. 
The sequential use of analgesic drugs is based on the 
child’s level of pain, with a non- opioid analgesic usually 
being the fi rst step.

Importantly, however, assessment of a child’s pain may 
indicate the need for immediate use of a strong opioid. 
Morphine is the safest and most effective opioid, and the 
only affordable one in resource- limited settings. 

There should be no hesitation in moving on to Step 2 of 
the analgesic ladder if pain control is inadequate.

Only one drug from each pharmacological group should 
be used at the same time but remember that paracetamol 
plus a non- steroidal drug can be used together if there is no 
contraindication. Strong opioids can be increased until pain 
is relieved. Occasionally an alternative strong opioid (rarely 
affordable in resource- limited countries) may be substituted 
if side effects from the fi rst opioid tried are intolerable. 

The aim is for the child to be:
 O pain free on movement
 O pain free at rest
 O pain free at night.

FIGURE 1.16.2 WHO two-step analgesic ladder. *An adjuvant is 
another drug (e.g. steroid or anxiolytic) or type of treatment (e.g. 
TENS or radiotherapy) that prevents but can also relieve pain.

By the clock (or by sunrise/sunset)
Analgesia should be given regularly (e.g. every 4 hours or 
according to the half- life).

There is no place for ‘when- requested’ prescribing of 

analgesics in palliative care. The dose must be titrated against 
that needed to control the pain of the individual patient.

Paracetamol and ibuprofen should be given at the 
recommended doses (see Section 1.15), but the dose of 
morphine needed must be titrated against that needed to 
control the pain. 

The dosing interval should be determined according to 
the severity of the child’s pain and the duration of action of 
the drug being used. Additional ‘rescue’ doses for inter-
mittent and breakthrough pain should be prescribed and 
explained to the family, so that these can be given as soon 
as breakthrough pain occurs. 

The effectiveness of analgesia should be regularly 
reviewed, so that it can be titrated effectively against pain.

By the appropriate route
Children should receive drugs by the simplest, most effec-
tive and least painful route. For this reason the oral route 
is the preferred route. 

IM injections should not be used. They are painful, and 
there is a risk of abscess and/or haematoma formation, 
particularly in children who may have low platelet counts 
or other blood- clotting problems. Also, use of the paren-
teral route means that the patient must be in hospital or 
a clinic and cannot go home. Children who are afraid of 
injections may deny that they are in pain and therefore 
suffer unnecessarily.

When selecting the best route of analgesic administra-
tion it is important to consider the nature and severity of the 
pain, the potency of the drug, the required dosing interval 
and the compliance of the child.

By the child
The doses of any analgesic must be based on the individual 
child’s symptoms and circumstances. There is no single 
dose that will be appropriate for all children.

Regular reassessment of the child’s pain and of the 
effectiveness of the analgesia is essential, so that the drug 
doses can be adjusted accordingly to keep the child pain 
free.

For some children, particularly those with cancer- 
induced pain, very large doses of opioids may be required 
in order to achieve satisfactory pain control.

Therefore it should be noted that some of the sug-
gested dosage recommendations included in this section 
differ from those specifi ed elsewhere in the manual. This is 
appropriate in palliative care, and it refl ects the differences 
in goals and priorities between the acute setting and the 
palliative setting. 

CASE EXAMPLE: Haji, aged 3 years, presented with a 
clinical diagnosis of retinoblastoma. He was in severe 
pain. The lesion was too friable for a biopsy. Morphine was 
commenced immediately, based on weight, according to the 
WHO recommendation for children. This was titrated against 
the pain, and Haji’s pain was controlled on 100 mg 4- hourly 
and 100 mg at night. The radiologists allowed him to receive 
radiotherapy without a biopsy. The tumour disappeared. 
The morphine was reduced until he was pain free and well.

Today Haji is well, aged 9 years, and is attending school.
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Analgesics
Non- opioid analgesics
Non- opioid analgesics are used to relieve mild pain or, in 
combination with opioids, to relieve moderate and severe 
pain. Paracetamol is the drug of choice because it has a 
very high therapeutic ratio for children and can be given 
orally or rectally. It is available in an elixir, tablet and supposi-
tory form, and can be given 4-  to 6- hourly. Non- steroidal 
anti- infl ammatory drugs (NSAIDs) such as ibuprofen and 
diclofenac are also helpful (for doses, see Section 1.15).

It is now recommended that one should progress 
straight from paracetamol and NSAIDs to morphine.

Strong opioid analgesics (morphine)
Morphine is required either alone, or in combination with 
non- opioid analgesics and/or adjuvant drugs, to provide 
effective pain relief. Morphine does not have an analgesic 
‘ceiling affect’ (i.e. there is no maximum dose), and children 
may require extremely large doses to obtain pain relief, 
but start at the recommended dose for severe pain (as 
described in Section 1.15).

The strong opioid of choice internationally is oral 
morphine.

The oral route is preferred for morphine, but if the 
subcutaneous or IV route is required, it can be given by a 
slow continuous infusion, which will give a steady level of 
analgesia and is preferred to intermittent subcutaneous or IV 
administration. Although a continuous infusion is commonly 
used in well- resourced countries, it is possible to achieve 
complete pain control with oral or rectal paracetamol or 
morphine in the palliative care setting. In resource- limited 
settings, children and their families may be alarmed by 
infusions.

Children have been found to rapidly eliminate morphine 
metabolites, and this is most marked in younger children 
(under 9 years). This group of children may require more 
frequent dosing and relatively higher doses to achieve pain 
relief. However, if oral doses are given at regular intervals, 
the most potent metabolite of morphine, M6G, accumulates 
and leads to smooth pain control.

Morphine must be available in all countries. However, 
this is not the case at present. In Africa, only 15 out of 56 
countries have oral morphine available for use at home, 
which is where most terminally ill patients want to die. Oral 
morphine that is made up in the country or within a district 
of the country is the affordable ideal. The drug is then imme-
diately available, so pain can easily be controlled with it. 

More complicated formulae and preparations may be 
available as immediate-  or sustained- release preparations, 
including immediate- release suppositories. Once- daily 
preparations are commercially available, but there is little 
experience of their use in children, and they are too expen-
sive for most resource- limited countries. Ideally, morphine 
should be free to all in need, and prescribed by a recognised 
prescriber. Usually only doctors can prescribe. However, 
in Uganda, nurses can now prescribe after completing a 
Diploma in Palliative Care and clinical offi cers after a 9 week 
special training that emphasises prescribing methods and 
controls. Clinical offi cers have been trained for 4 years and 
can do more than nurses in most countries. In some African 
countries they are allowed to prescribe class A drugs after 
qualifi cation.

Immediate- release morphine (from the list of essential 
medicines for children published by the WHO in 2010)

 O Morphine tablets (Sevredol): 10 mg, 20 mg and 50 mg.
 O Morphine sulphate mixture (Oramorph): 10 mg/5 mL.
 O Morphine sulphate mixture (Oramorph concentrate): 

100 mg/5 mL.

The most affordable preparation is a morphine solution made 
from morphine powder in a pharmacy without the exorbitant 
profi t taken by the ‘middle man’ (see Section 1.15).

The oral morphine starting dose is 150–300 microgram/
kg every 4 hours.

Immediate- release morphine should be given regularly 
every 4 hours. It may be useful to increase the night- 
time dose by 50–100% to eliminate night- time waking. 
Immediate- release oral morphine is the best choice in chil-
dren because it is easier to titrate exactly against the pain.

Sustained- release morphine tablets (MST Continus) 
(5 mg, 10 mg, 15 mg, 30 mg, 60 mg, 100 mg and 200 mg) 
and morphine granules for suspension (MST Continus) 
(20 mg, 30 mg, 60 mg, 100 mg and 200 mg), although 
available, are very expensive and therefore inappropriate 
for most situations in resource- limited countries. Those 
planning for a service must keep in mind the needs of the 
poor and spend the money available for morphine wisely 
so that there is enough for all in need.

Breakthrough pain
Immediate- release morphine should be prescribed at a 
dose equivalent to the 4- hourly doses as soon as pain 
breaks through (i.e. 16–17% of the total daily dose). The 
WHO recommends that it should be 5–10% of the total 
daily dose. This can be given up to hourly for breakthrough 
pain, and the parents should be advised to keep a record of 
all extra doses given so that the regular dose of morphine 
can be titrated accurately, and more supplied as necessary.

Titration of the morphine dose
Pain relief should be reviewed regularly. The morphine dose 
should be titrated against the level of pain. If frequent break-
through analgesia is required, the total dose of morphine 
taken during the day (regular doses plus ‘breakthrough’ 
doses) must be assessed. Usually increments of 20–50% 
of the previous total daily dose are required. Regular 
review allows the regular dose of morphine to be adjusted 
according to the level of breakthrough pain. Remember to 

FIGURE 1.16.3 ‘As needed’ (PRN) versus ‘by the clock’ versus 
‘high dose’. Initially, to the left, the PRN dosage regime results 
in episodes of unrelieved pain. In the middle, too high a dose 
produces drowsiness. To the right, the by-the-clock dosage 
regime results in constant relief of pain without drowsiness. 
(Diagram supplied by Dr Anne Merriman.) 
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increase the dose of breakthrough morphine accord-
ingly, when the regular dose is increased.

Alternatives to oral route of administration
Indications for these include:

 O persistent vomiting
 O non- compliance with oral medication
 O dysphagia
 O bowel obstruction
 O physical deterioration that prevents oral intake
 O unsatisfactory response to oral medication.

Rectal route
This route may be acceptable for some children who are 
unable to take oral medication. Any oral preparation can 
be given rectally with similar effects:

 O Paracetamol can be given as a suppository.
 O Morphine solution (see above) can be easily given rectally 

and is very effective.
 O Morphine suppositories (10 mg, 15 mg, 20 mg or 30 mg) 

can be given if available.

Although one can use the same dose and interval as for the 
oral route (i.e. 4- hourly), this is traumatic for the child, and 
generally a larger dose given in tablet suppository form as 
half the daily dose 12- hourly is more acceptable. 

Subcutaneous route
Many drugs are well absorbed subcutaneously and can be 
easily established in those children who do not have estab-
lished venous access. However, many resource- limited 
countries will not be able to use syringe drivers, and buccal 
and rectal administration may be just as effective, especially 
if human resources for managing the syringe driver/infusion 
pumps safely are not available, although some parents may 
be able to manage them. 

Changing from oral morphine to subcutaneous morphine 
The potency of morphine administered by injection is 
approximately twice that of oral morphine. Therefore use 
half of the total daily oral morphine dose as the equiva-
lent 24- hour morphine dose for subcutaneous infusion.

If syringe drivers are not available, parents can be trained 
to give regular boluses of morphine subcutaneously or IV 
at home. The total daily dose of either morphine or diamor-
phine is divided by a practical number that coincides with 
the number of individual doses to be given (usually 1-  to 
2- hourly during the day, and 4- hourly at night).

Intravenous route
 O This will usually only be indicated where a child has an 

established venous access, such as a Hickman line 
(unlikely to be available in most resource- limited coun-
tries), or when death is likely to occur within 7 days, 
when community health workers may place a peripheral 
venous cannula.

 O Divide the total daily dose of oral morphine by two to 
obtain the equivalent daily dose of morphine given IV 
or subcutaneously.

As approximately 80% of children will die at home in 
resource- limited countries, oral or rectal morphine is likely 
to be the mainstay of treatment, with IV morphine only 
available to a small proportion of these patients. 

Although diamorphine is the drug of choice for subcuta-
neous infusion, because it is more soluble, it is not available 
in most countries of the world. Divide the total daily dose 
of oral morphine by 3 to obtain the equivalent daily dose 
of diamorphine given IV or subcutaneously. The starting 
dose in opioid- naive patients is 12.5–25 micrograms/kg/
hour by continuous infusion. For both subcutaneous and 
IV routes, the diamorphine should be titrated according to 
breakthrough pain in increments of 20–50%.

Side effects of opioids
All opioid drugs cause similar side effects. These problems 
are well known, and should be anticipated and treated 
whenever children are given opioids, so that pain control 
is not accompanied by unacceptable side effects. When 
appropriate, parents and children should be informed about 
the possible side effects and their management. Children 
on strong opioids should be assessed regularly. 

Constipation
This is a common side effect, and laxatives such as bisaco-
dyl (dulcolax) or senna or sodium docusate must always be 
prescribed with strong opioids (see below). Advice should 
be given to increase intake of fl uids and fi bre (vegetables, 
fruit and cereals) in the child’s diet where appropriate.

Nausea and vomiting
Routine anti- emetics are not commonly needed, but should 
be prescribed if required in case of opioid- induced nausea 
and vomiting. When such symptoms do occur, they nor-
mally resolve within 3 to 4 days. 

Drowsiness and confusion
Daytime drowsiness, dizziness and mental clouding can 
occur at the start of treatment and sometimes following 
a dose increase. They almost always resolve within a few 
days. Cognitive and psychomotor disturbances are minimal 
once the patient is receiving a stable dose of opioid.

Pruritus
Itching is a not uncommon side effect of opioid treatment 
in children. Simple skin care alone may be effective. Also 
consider the following:

 O Avoid hot baths
 O Avoid using soap. Add Oilatum to the bath water and 

use aqueous cream as a soap substitute.
 O Pat the skin dry rather than rubbing it.
 O Avoid overheating and sweating.
 O Use cool cotton clothing and bedding.
 O Keep the fi ngernails short to reduce damage caused 

by scratching.

If itching is persistent, review the medication. If itching is 
opioid related and the drug cannot be changed, the addi-
tion of a systemic antihistamine such as chlorpheniramine 
may be benefi cial.

Pruritus associated with obstructive jaundice will require 
good skin care plus systemic medication such as stanozo-
lol, ondansetron or levomepromazine, if available.

Respiratory depression
Respiratory depression is uncommon in the conscious 
patient with severe pain. If it does occur, management will 
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be dictated by the child’s overall condition and the place 
of care.

Nightmares and hallucinations
Both can occur. If they are distressing and not resolved 
by reassurance or resolution of other anxieties, try giving 
haloperidol at night (50–100 micrograms/kg).

Urinary retention
Urine retention may be a problem, particularly after rapid 
dose escalation. Most children respond to simple measures 
such as a warm bath, warm packs or relief of constipation. 
Catheterisation may be required, but is usually only needed 
for a short period.

Morphine toxicity
This can occur as a result of:

 O too high a dose
 O too rapid dose escalation
 O pain that is not morphine responsive
 O renal impairment
 O previous therapeutic intervention to relieve pain (e.g. 

radiotherapy or nerve block).

Warning signs include:
 O drowsiness
 O confusion
 O pinpoint pupils
 O myoclonic jerks
 O hallucinations (auditory and visual)
 O vomiting
 O nightmares.

If toxicity occurs, consider reducing the morphine dose 
(several doses may need to be missed), then restart at a 
lower dose or stop morphine altogether. 

Toxicity is rare when morphine is titrated against the 
pain. Constipation is the worst complication, and can 
be prevented by introducing a laxative when morphine is 
started, unless the child has diarrhoea already, in which 
case the constipation would be benefi cial for a few days, 
but the laxative needs to be introduced as soon as it ceases.

Watch carefully for breakthrough pain. Address any side 
effects as discussed above. Escalating doses of opioids and 
metabolic disorders can exacerbate myoclonic jerks. Oral 
diazepam can be useful. If the child is unable to swallow, 
rectal diazepam or subcutaneous midazolam are effective.

Consultation with healthcare professionals who are 
experienced in palliative care is recommended.

Addiction and tolerance
Fear of addiction is not relevant when using opiates in pal-
liative care, provided that a permanent source of opiates 
is available, which must be the case. In Uganda, in 2012, 
around 20 000 patients had been treated with affordable 
oral liquid morphine, without any abuse or addiction. 
Approximately 30% of these cases were children.

Prescribing opioids in patients with renal 
impairment
The active morphine metabolites are excreted by the kid-
ney and accumulate in renal impairment, causing toxicity. 
When prescribing any opioid analgesics in children with 
renal failure, caution must be exercised, as patients with 

renal failure are extremely sensitive to opioids. Renal failure 
is part of the dying process, and the team must be aware 
of this and reduce doses or increase time intervals as the 
child approaches death. 

Suggested management strategies are as follows:
 O Prescribe smaller doses of opioid analgesic.
 O If problems with toxicity continue, consider giving smaller 

doses less frequently (i.e. 6-  to 8- hourly). 

Alternatives to oral morphine for severe pain
For information on approaches that can be used in well- 
resourced settings, see the Further reading section on 
p. 91. 

Adjuvant therapy
Few children are truly morphine intolerant, and if the pain is 
not responding to morphine, always consider the aetiology 
of the pain and review the use of adjuvant therapy. 

Neuropathic pain
Co- analgesics such as an anticonvulsant or tricyclic 
antidepressants are essential, because this pain is only 
semi- responsive to opioids. The possibility of neuropathic 
pain should be considered if the pain has a burning or stab-
bing/shooting component. According to the WHO, there 
is no evidence on which to make recommendations for or 
against antidepressants and anticonvulsants. However, 
the WHO does agree that there is wide experience of the 
use of amitriptyline in children, and doctors are familiar 
with the use of the carbamazepine in children who have 
seizures. However phenytoin is more available, afford-
able and therefore of choice in less resourced countries. 
However some anti- retroviral drugs (ARVs) may interact with 
phenytoin so there is a need to check this out for children 
with HIV on ARVs.

Nerve compression pain
This may arise from compression of a nerve root, and mor-
phine plus a trial of oral steroids should be tried. The steroid 
should relieve pain within 48 hours, probably by reducing 
oedema around the tumour. If there is no improvement, 
steroid treatment should be discontinued.

Nerve injury pain
This may arise either from tumour invasion of a nerve or as 
a side effect of radiotherapy.

Anticonvulsants
These drugs are useful for pain that is shooting or stabbing. 
Carbamazepine and sodium valproate are commonly used. 
Clonazepam and gabapentin are more recent additions that 
are not widely available in resource- limited countries. The 
cheapest, most effective drug with the fewest side effects 
is phenytoin.

Start at a low dose and gradually increase the dose to 
avoid sedation and toxicity. Low doses are usually the most 
effective, and this therapy should stop if the pain does not 
respond to low doses.

Carbamazepine
This drug is expensive, has side effects, and needs to be 
monitored, so is not so useful in the community setting.

 O Starting dose: 2.5 mg/kg twice daily, increasing by 
2.5–5 mg/kg/day at weekly intervals.
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 O Maintenance dose: 10–20 mg/kg/day in two to three 
divided doses, increasing gradually as above.

This corresponds to the British National Formulary for 
Children (BNFC) dose for epilepsy and trigeminal neuralgia.

Sodium valproate (often not available)
 O Starting dose: 20/mg/day in two divided doses, increas-

ing if required by increments of 5 mg/kg at weekly 
intervals.

 O Maintenance dose: 20–30 mg/kg/24 hours in divided 
doses. 

The BNFC doses for epilepsy are:
 O Age < 12 years: initially 10–15 mg/kg/day in one to two 

divided doses, increasing to 25–30 mg/kg/day in two 
divided doses.

 O Age * 12 years: initially 600 mg/day in one to two divided 
doses, increasing by 150–300 mg every 3 days to 1–2 g/
day (maximum of 2.5 g/day) in two divided doses. 

Phenytoin
 O Age < 12 years: (1.5–2.5 mg/kg starting dose to target) 

and then 2.5–5 mg/kg twice daily (maximum 7.5 mg/kg 
twice daily or 300 mg once daily).

 O Age 12–18 years: 75–150 mg adjusted according to 
response up to 150–200 mg twice daily (maximum 
300 mg twice daily).

The BNFC doses for epilepsy are: 
 O Age < 12 years: 1.5–2.5 mg/kg twice daily, increasing 

to 2.5–5 mg/kg twice daily (usual maximum 7.5 mg/kg 
twice daily).

 O Age * 12 years: 75–150 mg twice daily, increasing to 
150–200 mg twice daily (maximum 300 mg twice daily).

Tricyclic antidepressants
 O These drugs are useful for pain that is burning in nature.
 O Give at night to avoid excessive sedation during the day. 

They can cause constipation.
 O The analgesic effect begins after about 3–7 days of 

treatment, but may take longer than this.
 O Starting dose: amitriptyline 0.5 mg/kg at night increas-

ing, if needed, to 1 mg/kg/day. Increase carefully to 
avoid excessive drowsiness. Lower doses are the most 
effective.

The BNFC doses for neuropathic pain are: 
 O Age 2–12 years: 0.2–0.5 mg/kg (maximum 10 mg), 

increasing gradually to a maximum of 1 mg/kg twice 
daily.

 O Age > 12 years: 10 mg at night, increasing gradually up 
to 75 mg at night if needed.

For diffi cult cases, consider referral to or discussion with a 
pain control team if one is available.

Bone pain
Non- steroidal anti- infl ammatory drugs (NSAIDs)

 O NSAIDs have analgesic, anti- pyretic and anti- 
inflammatory properties. They are often effective in 
relieving musculoskeletal pain that is associated with 
bone metastases or soft tissue infl ammation.

 O Regular dosing is required for their full effect, but the 
maximum effect is usually seen within 2 weeks.

 O It is worth trying another NSAID if there is no response 
to the fi rst type.

 O Damage to the gastrointestinal mucosa is the most 
frequent side effect. Gastric erosion and bleeding can 
be severe and diffi cult to control. If possible, ensure that 
NSAIDs are taken after food.

 O NSAIDs are not usually appropriate for children with 
thrombocytopaenia, because of their potential to cause 
gastric erosions and so increased tendency to bleed.

 O According to the WHO there is no evidence for rec-
ommending the use of bisphosphonates in children. 
In adults, modest improvements in pain have been 
observed, but also serious side effects such as oste-
onecrosis of the jaw.

For common dosages of NSAIDs, see Section 1.15.

Steroids 
Steroids have specifi c benefi ts in palliative care because 
of their ability to produce euphoria, improve appetite and 
increase weight gain. They also have an anti- infl ammatory 
effect, which may be helpful in patients with nerve compres-
sion and raised intracranial pressure.

However, steroids should be used with caution in chil-
dren, as the side effects of long- term steroid treatment can 
far outweigh its benefi ts. They include rapid weight gain, 
change in appearance, mood swings, behaviour changes 
and insomnia, which can be distressing for both the child 
and the parents, and the risk of gastric erosions. Most 
children experience symptom relief after short intensive 
courses, and if the prognosis is long, steroids should be 
withdrawn. If there is no improvement in symptoms within 
a short period of time (e.g. 5–7 days), steroids should be 
discontinued. If the initial symptom relief is not maintained, 
long- term use of these drugs should be avoided. 

Dexamethasone
Dexamethasone should be taken before 6 pm, and ideally 
in the morning, in order to minimise insomnia. 

High- dose dexamethasone is normally used to relieve 
pain associated with raised intracranial pressure, or spinal 
cord or nerve compression. Give steroids in the morning 
to avoid sleepless nights and to copy the normal diurnal 
rhythm of cortisol.

The initial dose is given in the morning as 25 mg for 
patients over 35 kg and 20 mg for patients less than 35 kg, 
followed by a sliding scale of reducing by 4 mg every 3 days 
until down to 10 mg per day, then continuing to decrease 
by 1–2 mg per day.

IM or IV in an emergency or until can swallow (usually 
once only):

 O Age 1 month to 12 years: 100–400 micrograms/kg, 
once daily in the morning.

 O Age 12–18 years: 8–24 mg daily.

Low- dose dexamethasone is normally used to improve 
appetite and well- being.

 O Age 2–8 years: 0.5–1 mg, once daily in the morning.
 O Age > 8 years: 1–2 mg, once daily in the morning.
 O Radiotherapy.
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This therapy is only available in just over half the countries 
in Africa.

Radiotherapy can be particularly useful for treating 
isolated sites of a disease if a tumour is radiosensitive. This 
may include bony metastases, spinal cord compression, 
and relief of nerve compression from a solid tumour and 
isolated cerebral metastases. Radiotherapy can also be 
used in the management of fungating tumours. Single treat-
ments or short courses are often appropriate and effective 
in palliative care, if radiotherapy is available.

Non- pharmacological approaches
Non- drug therapies must be an integral part of the manage-
ment of children’s pain, complementing but not replacing 
appropriate drug therapy.

A combination of non- pharmacological approaches, 
used in conjunction with analgesics, may be extremely 
effective. These approaches include:

 O progressive relaxation 
 O diversional therapy with music, art or traditional games, 

according to the age of the child
 O hypnosis and guided imagery
 O massage and refl exology
 O heat pads or cold packs
 O transcutaneous electrical nerve stimulation (TENS). 

Management of other symptoms
Nausea and vomiting
These are common symptoms in palliative care. The causes 
may be multifactorial, and it is important to try to determine 
the cause(s) in order to implement an effective treatment 
plan.

Common causes
Cancer- related causes include:

 O raised intracranial pressure
 O the presence of an abdominal mass
 O irritation of the upper gastrointestinal tract
 O gastric outfl ow obstruction
 O anxiety
 O uraemia
 O pain
 O blood in the stomach.

Treatment- related causes mainly involve the side effects of 
drugs, especially:

 O opioids 
 O chemotherapy 
 O NSAIDs
 O carbamazepine
 O antibiotics.

Management
 O Identify the cause(s) as described above (e.g. con-

stipation, raised intracranial pressure) and implement 
appropriate management.

 O Consider stopping gastric irritants such as antibiotics, 
NSAIDs and steroids if possible. 

 O Prescribe an H2- receptor antagonist (ranitidine, 2–4 mg/
kg 12- hourly, or cimetidine, 5–10 mg/kg 6- hourly).

 O Or the proton pump inhibitor omeprazole (age < 2 years, 
700 micrograms/kg once daily increased to 3 mg/kg 
once daily, maximum dose of 20 mg once daily; body 

weight 10–20 kg, 10 mg once daily, increased to 20 mg if 
needed; body weight over 20 kg, 20 mg daily increased 
to 40 mg once daily if needed. Give the higher dose for 
12 weeks only).

 O Prescribe an appropriate anti- emetic according to 
cause.

 O Review the therapy regularly and adjust it as required.
 O IV fl uids may be needed to counteract dehydration, but 

nasogastric tube insertion should be avoided where 
possible.

 O If treatment is unsuccessful, consider the following:
 — Was the cause of the vomiting correctly identifi ed and 
the appropriate anti- emetic prescribed?

 — Has the anti- emetic had time to work at maximum 
dose?

 — Is the route of administration appropriate for the 
child?

Anti- emetic therapy
Severe nausea and vomiting may require initial manage-
ment by subcutaneous or IV infusion and then switching 
to oral medication when control is gained. The choice of 
anti- emetic depends on the cause of vomiting and the 
site of the anti- emetic action, so combinations of drugs 
with different sites of action are sometimes required, but 
to avoid side effects, avoid combining drugs of the same 
class. Extra-pyramidal side effects can occur with cyclizine, 
metoclopramide and domperidone (see Section 1.15).

Haloperidol is the anti- emetic of choice for opioid- 
induced vomiting. It acts on the chemoreceptor trigger 
zone.

Dosage: 12.5–25 micrograms/kg twice daily by mouth, 
subcutaneously or IV. Haloperidol can be given orally at 
night.

Cyclizine is used for nausea and vomiting caused by 
raised intracranial pressure or intestinal obstruction.

Dosage: all ages, by mouth, 1 mg/kg three times daily 
up to a maximum of 50 mg per dose.

The BNFC doses are as follows:
Oral or rectal route:

 O Age < 6 years: 500 microgram–1 mg/kg (rectal 12.5 mg) 
up to three times daily 

 O Age 6–12 years: 25 mg up to three times daily
 O Age > 12 years: 50 mg up to three times daily.

IV or subcutaneous route:
 O All ages, 1 mg/kg 8- hourly or 

Continuous IV/subcutaneous infusion:
 O Age < 2 years: 3 mg/kg over 24 hours
 O Age 2–5 years: 50 mg over 24 hours
 O Age 6–12 years: 75 mg over 24 hours
 O Age > 12 years: 150 mg over 24 hours.

Dexamethasone
Dosage: use moderate doses (e.g. 100 micrograms/kg 
12- hourly).

Metoclopramide 
This acts on both the upper gastrointestinal tract and the 
chemoreceptor trigger zone, and speeds up gastric empty-
ing. The extrapyramidal side effects are more common in 
children. It is useful for oesophageal refl ux, gastric stasis, 
gastric irritation, gastric outfl ow and high bowel obstruction. 
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Its use should be avoided in patients where there is com-
plete bowel obstruction.

Dosage:
Oral route:

 O Age 1–12 years: 100 micrograms/kg, two to three 
times a day

 O Age > 12 years: 5–10 mg, two to three times a day.

Subcutaneous/IV route:
 O Age 1–12 years: 500 micrograms/kg over 24 hours
 O Age > 12 years: 15–30 mg over 24 hours.

Domperidone acts on both the upper gastrointestinal 
tract and the chemoreceptor trigger zone, and speeds up 
gastric emptying.

Dosage:
Oral route:

 O Age 1–12 years: 200–400 micrograms/kg, three to four 
times a day

 O Age > 12 years: 10–20 mg, three to four times a day.

Rectal route:
 O Age 1–12 years: 15–30 mg, two to three times a day
 O Age > 12 years: 30–60 mg, two to three times a day.

Constipation
Constipation is common in paediatric palliative care, and the 
causes may be multi- factorial. The prevention and relief of 
constipation in the terminally ill child is very important, as if 
left unresolved it can cause abdominal pain and discomfort, 
and nausea and vomiting.

Consider the following causes:
 O drug induced (e.g. opioids, antichol inergics, 

antidepressants)
 O reduced physical activity
 O poor oral intake and general debility
 O dehydration
 O bowel obstruction
 O spinal cord compression.

Management
 O Treat the underlying cause where this is appropriate 

and possible.
 O Constipation should be anticipated when opioid, anti-

cholinergic or antidepressant drugs are being used, and 
laxatives should be prescribed prophylactically.

 O Use laxatives appropriately and at the right doses, and 
avoid mixing two drugs from the same group (e.g. two 
stimulants).

 O A good fi rst choice is the combination of a stimulant 
laxative and a softening agent (e.g. senna plus sodium 
docusate).

 O Titrate doses up as required, rather than adding a new 
laxative.

 O If oral therapy fails, consider rectal measures such as 
suppositories/enemas.

Bowel obstruction
Bowel obstruction may be mechanical or functional, or 
both. The aim is to control pain and nausea. In children 
with advanced disease, surgical management is not usually 
indicated. The aim of treatment is the palliation of symp-
toms. Nasogastric tubes and IV fl uids are rarely appropriate, 

although for persistent vomiting due to obstruction a 
nasogastric tube may be helpful.

Management
Elimination of pain and colic:

 O For constant background pain, administer buccal 
morphine solution or morphine by continuous IV or 
subcutaneous infusion, using a portable syringe driver. 

 O If colic is present, avoid prokinetic anti- emetics (e.g. 
metoclopramide, domperidone).

 O Discontinue bulk- forming, osmotic and stimulant 
laxatives.

 O Relieve associated constipation, continue to use soften-
ing agents if possible, and use rectal measures to relieve 
faecal impaction.

 O If colic persists, add hyoscine butylbromide (Buscopan), 
10–20 mg orally 8- hourly or give IV as a single dose over 
at least 1 minute (age 2–5 years, 5 mg IV; 6–10 years, 
10 mg IV; 11–15 years, 15 mg IV; 15–18 years, 20 mg 
IV). Repeat 8- hourly as required.

Elimination of nausea and reduction of vomiting
 O The choice of anti- emetic depends on whether colic 

is present.
 O If colic is present, cyclizine is the fi rst- line drug. Add 

haloperidol if nausea persists.
 O If colic is absent and fl atus is present, a trial of sub-

cutaneous or IV metoclopramide is indicated. If this is 
ineffective, instigate management as described above.

 O Dexamethasone may be of benefit in second- line 
management.

Dyspnoea
Shortness of breath associated with pulmonary complica-
tions in advanced paediatric cancer can be very distressing 
for both the child and the parents, and requires effective 
management. The underlying pathophysiology needs to be 
considered when deciding on the management. 

Common causes of dyspnoea include:
 O metastases
 O effusions
 O pulmonary fi brosis
 O anaemia
 O infection
 O superior vena cava (SVC) obstruction
 O anxiety/fear
 O increased secretions
 O cardiac failure
 O chest wall pain or constriction
 O pulmonary embolus
 O gross ascites.

Management
 O Identify the cause.
 O Give a clear explanation to the parents and the child.
 O Treat the specifi c cause(s) or modify the pathological 

process (e.g. high- dose steroids and radiotherapy for 
superior vena caval obstruction).

 O Non- drug measures are also important and include:
 — a calm approach
 — breathing exercises
 — an appropriate position
 — providing cool air (e.g. with a fan)
 — play therapy.
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Drug treatment
Morphine has a complex effect on respiration, which is 
not fully understood. It can reduce the respiratory rate to 
a more comfortable level. This drug should be prescribed 
regularly in children with continuous breathlessness at 
standard analgesic starting doses. If the child is already on 
morphine, increase the dose by 30–50%.

The anxiolytic and sedative effects of benzodiazepines 
also cause relaxation of the respiratory muscles. This may 
be helpful if the child or teenager is very anxious, and these 
drugs should be administered as a single dose and then at 
night or twice daily. The long half- life of benzodiazepines 
(around 36 hours) means that they should be avoided if 
possible.

Diazepam (oral route):
Dosage:

 O Age 4 weeks to 1 year: 200 micrograms/kg, two to 
three times daily

 O Age 1–12 years: 2 mg, two to three times daily
 O Age > 12 years: 5–10 mg, two to three times daily.

Lorazepam is not always available, but is well absorbed 
sublingually (so is useful for panic attacks), short acting, 
with a rapid onset of relief and a shorter half- life.

Dosage:
 O Age 1–12 years: 50–100 micrograms/kg (maximum of 

4 mg per dose) (BNFC).
 O Age > 12 years: 1–4 mg per dose. The dose may be 

repeated after 12 hours.

Corticosteroids may be useful, particularly in patients 
with superior vena caval obstruction and multiple lung 
metastases. Moderate doses of dexamethasone should be 
used and the benefi t should be apparent within 5 days. The 
dose should then be reduced to the lowest effective dose.

Oxygen will be of benefi t for hypoxic patients, but is 
rarely available for home use. It may also be helpful if a 
child is very anxious.

Nebulised saline or salbutamol may provide subjective 
relief, especially if wheezing is present.

Cough 
Consider the following causes:

 O respiratory infection
 O airways disease
 O malignant obstruction
 O drug induced 
 O oesophageal refl ux
 O aspiration of saliva.

Wherever possible, the cause of the cough should be 
treated. Symptomatic management should follow the 
guidelines for the management of dyspnoea.

Drug management may include the following:
 O simple linctus
 O codeine linctus (this will cause constipation, so add a 

stool softener)
 O opioids (as above)
 O nebulised saline
 O oral antibiotics (these are indicated if symptomatic 

chest infection with a productive cough is affecting 
quality of life).

Anxiety
Anxiety is not uncommon in palliative care. Talk to the child 
and give enough time to both the child and the parents or 
carers to discover the cause, and give reassurance. Try to 
identify the cause of the child’s anxiety (e.g. whether it is 
related to symptoms or fears about what is happening). 
Simple explanations, reassurance and a calm environment 
are important. Physical therapies such as relaxation and 
massage may be helpful, or anxiolytics such as diazepam 
or lorazepam as required or regularly may be of benefi t if 
other measures fail.

Anxiety and discomfort go together, so reassess the 
child’s pain.

Bleeding
Massive external bleeding
Death from massive external bleeding is uncommon in 
children, but the risk of this is frightening and distress-
ing for both the child and the parents, and prevention 
of such bleeding should be the aim of management, 
although this may not always be possible. 

Causes of external bleeding include the following:
 O a low platelet count
 O clotting defi ciencies
 O primary or secondary liver disease
 O disease progression
 O initial treatment (e.g. radiotherapy, chemotherapy).

Management
If there is a risk of massive haemorrhage, it is extremely 
valuable to have IV or subcutaneous morphine and an 
appropriate sedative (e.g. rectal diazepam, buccal mida-
zolam) readily available at home.

Persistent surface bleeding
This is not uncommon in children with leukaemia, and can 
be alarming to both the child and their family, but can be 
managed in the home environment.

Management
 O Topical treatment soaking gauze in adrenaline 1 in 1000 

solution and applying it directly to the bleeding point.
 O Other haemostatic dressings can be used for persistent 

surface bleeding (e.g. in fungating tumours). These 
include crushed metronidazole sprinkled on to the 
area, or an alginate dressing such as Kaltostat if this 
is available.

 O Tranexamic acid can be useful if it is available, and can 
be used topically undiluted, applied directly to bleeding 
gums or nostrils, or used as a mouthwash. It can also 
be given systemically or parenterally as prophylaxis.

 O The use of a dark- coloured handkerchief or towel at 
home to mop up the blood may help to reduce anxiety.

Spinal cord compression
Consider spinal cord compression if the following signs and 
symptoms are present:

 O localised pain in the spine, radiating around the chest
 O sudden onset of weakness (e.g. of the legs)
 O sensory disturbance
 O sphincter dysfunction.

This is usually a clinical diagnosis, and action needs to 
be taken immediately. 
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Investigations such as computerised tomography (CT) and 
magnetic resonance imaging (MRI) are not usually available.

Management
 O Patients with paraparesis have a better prognosis than 

those who are totally paraplegic.
 O Loss of sphincter function is a poor prognostic sign.
 O Rapid onset of complete paraplegia has a poor prognosis.
 O The main therapeutic options are:

 — corticosteroids that can shrink the tumour and relieve 
spinal cord compression

 — radiotherapy.
 O Steroids should be given in high doses initially and then 

reduced according to the response. These drugs often 
bring about an early improvement and relief of pain by 
reducing the peri- tumour infl ammation. Give steroids in 
the morning to avoid insomnia and to copy the normal 
diurnal rhythm of cortisol.

 O High- dose dexamethasone: The initial dose is given in 
the morning as 25 mg for patients over 35 kg and 20 mg 
for patients less than 35 kg, followed by a sliding scale 
of reducing by 4 mg every 3 days until down to 10 mgs 
per day, then continuing to decrease by 1–2 mg per day. 
The intial dose can be given IV if urgency required but 
oral doses should then follow. However, if symptoms 
recur revert to a higher maintenance dose.

 O Referral for concurrent radiotherapy should be consid-
ered if the prognosis is not very poor. This therapy is 
not available in around 30% of African countries, and 
unless the parents have enough fi nancial resources to 
take their child to another country, palliative support is 
the best option.

 O Surgery, such as laminectomy, is only rarely indicated.
 O Consider using a pressure- relieving mattress, and give 

pressure area care.
 O Pay attention to bowel function.
 O Start physiotherapy to prevent contractures.
 O Perform catheterisation.
 O Avoid danthron- containing laxatives if the child is cath-

eterised or incontinent, because of the risk of danthron 
burns.

Psychological support
Children experience significant psychological suffering 
as a result of loss of their ability to walk or run, as well as 
their inability to play and go to school. They therefore need 
understanding and sympathetic advice from their healthcare 
provider and carer at this time.

Convulsions
Convulsions may be a potential or existing problem for 
children with brain tumours or other neurological and 
metabolic disorders.

For emergency management of seizures in palliative and 
terminal care, diazepam given rectally is the drug of choice.

Dosage:
 O Age < 1 year: 2.5 mg (half of a 5 mg rectal tube/rectal 

solution)
 O Age 1–4 years: one 5 mg rectal tube/rectal solution
 O Age 5–12 years: 5 mg or 10 mg rectal tube/rectal solution
 O Age > 12 years: 10 mg rectal tube/rectal solution.

For continuing severe seizures, consider giving midazolam 
by the buccal route, subcutaneously or by IV infusion if the 

child is in hospital (see Section 5.16.E). Care is required 
with midazolam as it may give permanent anaesthesia so 
that communication becomes impossible.

Muscle spasm
Muscle spasm can be severe in children with neurological 
and neurodegenerative disorders. It may occur alone or 
be triggered by pain elsewhere (e.g. due to constipation).

Useful drugs for muscle spasm
Diazepam orally (initial doses are shown):

 O Age 1 month to 1 year: 250 microgram/kg twice daily 
 O Age 1–5 years: 2.5 mg twice daily 
 O Age 5–12 years: 5 mg twice daily 
 O Age > 12 years: 10 mg twice daily up to a maximum 

dose of 40 mg/day (BNFC).

Baclofen orally
 O Age 1–10 years: initial dose 300 microgram/kg/day 

in four divided doses, increasing to usual dose of 
0.75–2 mg/kg/day in divided doses

 O Age > 10 years: 5 mg three times daily, increasing to 
20 mg three times daily (up to a maximum dose of 
100 mg/day).

Incontinence
Incontinence can be the source of much discomfort and 
anxiety for both children and their families, as well as pre-
senting diffi culties in keeping the child clean and protecting 
their skin.

Children with some degenerative conditions may have 
had faecal or urinary incontinence for a long time, whereas 
for others this may become a feature during the end 
stage of their disease (e.g. due to local tumour, neuro-
logical/spinal cord damage to bladder control, laxative 
imbalance).

For children with long- standing diffi culties, intermittent 
catheterisation or the use of an indwelling catheter may 
be a well- established, successful and accepted method 
(see Section 4.2.D). 

Some useful suggestions include the following:
 O Review laxatives where appropriate.
 O Consider  g iv ing in t ranasa l  desmopressin , 

20–40 micrograms at bedtime, if nights are disturbed 
by urinary incontinence. Alternatively, desmopressin 
tablets, 200–400 micrograms, or sublingual tablets, 
120–240 micrograms, can be used (BNFC doses for 
enuresis). Care is needed as desmopressin can cause 
water retention and hyponatraemia, so start with lower 
doses.

 O Keep a urinal or bedpan close to the bedside.
 O Use cotton pads or towels (with plastic underneath) 

on top of the bed sheet. This will avoid the need to 
change all the sheets, and thus minimise disturbance 
to the child.

 O Keep the area well ventilated (or keep a window open 
if appropriate).

 O Try to ensure that the skin is kept clean, and use dime-
thicone, zinc and castor oil or other barrier creams if 
these are available.

 O Help the child to wash regularly.
 O Try to preserve and maintain the child’s dignity at all 

times. Give reassurance and support to both the child 
and the parents.
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Fungating wounds
Fungating wounds are rare in paediatric palliative care, 
but in resource- limited settings they are not infrequently 
encountered. They may occur with soft tissue sarcomas, 
often of the head and neck, which can be very distressing 
for the child and their family.

Useful tips for management (where available) include 
the following:

 O Soak any dressings with saline or Ringer- lactate or 
Hartmann’s solution to ease removal, as these tumours 
may be friable and prone to bleeding.

 O If possible, have available topical adrenaline 1 in 1000, or 
an alginate dressing (e.g. Kaltostat, or tranexamic acid), 
to apply topically to the tumour if it bleeds profusely (e.g. 
during a dressing change).

These tumours can cause offensive smells due to anaero-
bic microorganisms, which can be distressing to the child 
and their family. Sprinkle crushed metronidazole tablets 
on the fungating area. Oral metronidazole does not pen-
etrate the fungating area, as the blood supply to it is poor. 
Metronidazole is cheap and readily available in all resource- 
limited countries, and it is very effective. Charcoal dressings, 
if available, may help to absorb the odour. The use of honey 
for dressings is also of benefi t in controlling bacteria and 
odour. Simple measures such as the use of aromatherapy 
oils around the home may be helpful, too.

The fi nal days and hours of life
Terminal restlessness and agitation
These symptoms are not uncommon in the fi nal stages of 
life. Useful drugs include buccal midazolam, and oral or 
rectal diazepam.

Midazolam is the sedative of choice, as it can be given 
via the buccal mucosa.

Dosage:
The initial regime is 30–100 micrograms/kg given as 

required. Titrate upwards as required (the upper dose may 
be limited by volume).

Rectal diazepam may also be useful.
Dosage:
5–10 mg rectal tube as required. The dose may be 

repeated if child remains very agitated and restless. 

Increased secretions
 O Increased secretions (the ‘death rattle’) can be more 

distressing for the parents and carers than for the child. 
It is important to explain this to those caring for the child.

 O Good mouth care is essential.
 O Anti- secretory agents are useful, but can cause drowsi-

ness and anti- cholinergic side effects.
 O Start drug treatment early in order to avoid build- up of 

excessive secretions.

Hyoscine hydrobromide (scopolamine)
 O This drug is anticholinergic.
 O It reduces pharyngeal secretions.
 O It should be used prophylactically at the fi rst sign of 

excess secretions.
 O It mixes with other commonly used drugs.
 O Potential routes for administration: oral, as a sublingual 

tablet, IV or subcutaneous.

Dosage:
Oral/sublingual route:

 O Age 1–12 years: 10 micrograms/kg/dose, four times 
a day

 O Age > 12 years: 300 micrograms/dose, four times a day.

Subcutaneous or IV infusion:
 O All ages: 10–50 micrograms/kg/24 hours.

Loss of the oral route for food and 
medication 
As a child’s condition deteriorates it may become diffi cult 
to use the oral route for medication. Buccal and rectal 
routes are the best options in this situation, and work well. 
As discussed earlier, other routes that can be used at this 
point are the rectal, subcutaneous and (where already 
established) IV routes. Children who have been treated 
for cancer in well- resourced hospitals may have central IV 
access, which can be used effectively in palliative care, but 
usually only in hospital. 

Drugs that can be given via the subcutaneous or IV 
route include analgesics, anti- emetics, sedatives, anxio-
lytics and anticholinergic drugs. These can be combined 
together in an infusion, provided that they are compatible 
with each other. 

If they are available, it is possible to use small portable 
infusion pumps (e.g. Graseby MS 26, WalkMed) to deliver 
combinations of medication over 24 hours. However, these 
devices are unlikely to be available for home use in most 
resource- limited countries, and home palliative care teams 
would not generally be able to provide this form of treat-
ment. Sometimes individual carers may be able to manage 
this form of treatment. 

Additional notes
 O Avoid administering high concentrations of drugs in 

combination, especially when using cyclizine.
 O Avoid mixing dexamethasone with other drugs if 

possible.
 O Never give chlorpromazine, prochlorperazine or diaz-

epam subcutaneously.
 O More than two drugs can be combined in portable 

syringe drivers, although there is little supporting evi-
dence in the form of clinical data. Always consult your 
local pharmacist before using any unusual combinations.

Psychological support for the child, parents 
and siblings
Care that is child and family centred is an essential prin-
ciple of palliative care. The availability of an experienced 
key worker to coordinate the child’s care with community 
healthcare professionals is essential, with good communica-
tion both between professionals and between professionals 
and the family being of paramount importance.

Initially, parents may need a lot of support when decid-
ing whether to withdraw curative treatment and where to 
care for their child. Whether the care setting is in hospital 
or at home, the parents will have many questions, fears 
and anxieties at this time, and if possible the opportunity 
to discuss their worries, changes in the child’s condition 
and symptom management should be available 24 hours 
a day. Commonly asked questions include ‘How long will 
it be?’ and ‘How will my child die?’ These questions are 
not easy to answer, and will also depend on the nature of 
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the child’s illness. For example, a child with leukaemia may 
have a very short period of palliative care, whereas a child 
with a brain tumour or neurodegenerative disease may live 
for several months. It is probably best to give an indication 
of time span, but to emphasise that every child is different, 
and to guide the parents as the disease progresses. ‘Days 
or weeks’, ‘weeks or months’ or even ‘hours rather than 
days’ give adequate warning without being too precise.

Parents may worry about their child being in pain, but 
also have anxieties about the use of strong medication such 
as morphine. A clear explanation of the use of analgesics 
is essential in this situation.

Many parents will want advice on talking to the dying 
child and their siblings. How to prepare the child’s brothers 
and sisters will depend very much on their age and level of 
understanding, and on parental beliefs. For older children 
and teenagers it is probably best to be honest, to prepare 
them gradually for what is happening and allow them to ask 
questions and participate in their sibling’s care if appropri-
ate. With younger children, the language used must be 
very simple and clear. For example, it is important to avoid 
using the phrase ‘going to sleep’ as the analogy for death. 
It is probably more appropriate to prepare younger children 
for a sibling’s death when the end is obviously very close. 
Cultural preferences also need to be taken into account.

Talking to the child who is dying is a very personal matter 
for parents, and will also be infl uenced by the child’s age and 
understanding of the illness. For example, a teenager with 
cystic fi brosis may have anticipated death in adolescence 
or young adulthood, and a teenager who has had multiple 
relapses of cancer for many years may now realise that 
the treatment is no longer working. Where possible and 
appropriate, it is important that children and teenagers are 
given the opportunity to express their wishes and anxieties. 
When children are not allowed to express themselves they 
can become very anxious and agitated, or even withdrawn. 
Healthcare professionals can only try to encourage the par-
ents to have an open and honest approach to their child’s 
questions and wishes at this time.

Preparation for death
Parents commonly have many questions about the time 
and nature of death, and what happens afterwards. It can 
be very helpful to try to prepare them for what may happen 
at the time of death if they wish to have this information. 
Changes in breathing are commonly distressing, and simple 
explanations of, for example, Cheyne–Stokes respiration or 
the ‘death rattle’ can avoid unnecessary distress. A single 
expiratory breath after death if the child is moved is not 
uncommon, and it should be explained to the parents that 
this does not mean that their child is still alive. Explanations 
of the changes in colour and very cold feel of the skin are 
important for parents and siblings. If they are not warned 
in advance, parents may become distressed that their 
child was incontinent at the time of death. In the case of 
some diseases (e.g. leukaemia), the parents will need to be 
warned that their child may bleed from the nose or mouth 
at the time of or after death, and given simple practical 
measures for managing this situation. 

Some families will require professional support around 
the time of the child’s death, and it is essential that this is 
available.

After their child has died, the parents must be reassured 
that they need not rush to do anything, but may spend some 

time with their child. However, it is also important that any 
specifi c cultural or religious requirements are acknowledged 
and attended to. The parents should be encouraged, if 
they wish to do so, to hold, wash and dress their child. 
Some parents may want to take photographs, locks of 
hair, or hand and foot prints, or organise favourite toys, 
photographs, letters or other items for the child ‘to take 
with them’. The participation of siblings in these activities 
can be very helpful.

In countries where it is usually necessary for a child’s 
death to be confi rmed by a medical practitioner it is very 
rare for a post- mortem to be required. The death certifi -
cate then gives the authority for the death to be registered 
(according to each country’s prevailing law) and the funeral 
arrangements to be made. 

The specifi c cultural and religious beliefs of the family 
and the country in which they live will play an important 
role in the child’s funeral. However, the parents may need 
advice about the choice between burial or cremation, or 
about the funeral service itself. 

Support after death
Support for parents, siblings and the extended family 
around the time of the child’s death and in the weeks and 
months afterwards will be very much infl uenced by the fam-
ily’s culture and family network, and by the support provided 
during the child’s terminal care. Bereavement contact from 
the professionals involved with the family should be offered 
wherever possible.

Clinicians need to be aware of the cultural support and 
customs that affect bereavement, and refrain from imposing 
their own personal needs and values on others. 

Ongoing bereavement support should be based on the 
family’s specifi c needs and requests, and the availability 
of appropriate bereavement support for both parents and 
siblings. Bereavement literature and parent support groups 
may be helpful where available.

Recognition of the child’s birthday and the anniversary 
of their death provide an opportunity for healthcare profes-
sionals and friends to show the family that their child has 
not been forgotten.
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1.17 Hospital issues regarding immunisation 

Introduction
Immunisation is one of the most effective disease prevention 
strategies in children. In this process, an antigen is intro-
duced into the body, where it stimulates immunity against 
the specifi c antigen by priming the specifi c memory cells. 
Subsequent natural infection produces an effective and 
vigorous response by the body, and the patient is thus pro-
tected from the disease and its effects and complications.

In 1974, the World Health Organization (WHO) initiated 
the Expanded Programme on Immunisation (EPI). This aims 
to develop widespread national commitment to achieve 
high vaccination coverage in mostly low- income countries. 
The choice of the original six EPI vaccines was based on 
the importance of the disease and the availability of safe, 
effi cacious and low- cost vaccines. 

The WHO recommended vaccination schedule is widely 
used in almost all countries, with newer vaccines being 
added as some programmes evolved (see Table 1.17.1).

TABLE 1.17.1 Current EPI vaccination schedule recommended by 
the WHO, May 2014

Age Vaccine

Birth BCG*, OPV#0, HBV#1

6 weeks DTP#1, HiB#1, OPV#1, HBV# 2 PCV#1 
RV#1

10 weeks DTP#2, HiB#2, OPV#2, HBV#3 IPV#1 
PCV#2 RV#2

14 weeks DTP#3, HiB#3, OPV#3, IPV#2 PCV#3

9 months MCV/RCV #1

Yellow fever (in countries where it poses 
a risk)

12–15 months MCV/RCV#2

9 years girls HPV#1 plus HPV# 2 after at least 6/12

BCG, bacillus Calmette-Guérin; OPV, oral poliovirus vaccine; 
IPV, inactivated polio vaccine HBV, hepatitis B vaccine; DTP, 
diphtheria, tetanus and pertussis; HiB, Haemophilus infl uenzae 
type B; Pneumococcus PCV; Rotavirus RV; Measles/Rubella 
MCV/RCV; Human papilloma virus HPV

*BCG must not be given if HIV infection is present or clinically 
suspected

See these links for further information:

www.who.int/immunization/policy/immunization_tables/en/

www.who.int/immunization/policy/Immunization_routine_table2.
pdf?ua=1

Vaccine schedules are a continuously changing phenomenon. 
It is recommended that regional variations on programmes are 
followed.

Polio
Live oral poliovirus vaccine (OPV) and inactivated poliovirus 
vaccine (IPV) are the two effective vaccines that are avail-
able, but there are important differences between them. 

 O WHO no longer recommends an OPV only vaccination 
schedule, at least 1 dose of IPV should be added to 
the schedule.

 O In polio-endemic countries and in countries at high risk 
for importation and subsequent spread, WHO recom-
mends an OPV birth dose (a zero dose) followed by a 
primary series of 3 OPV and at least 1 IPV doses.

 O The WHO target to eradicate poliomyelitis within the 
next 10 years is dependent on high infant immunisation 
coverage and national immunisation days (NIDs), which 
aim to eradicate the circulation of wild virus. NIDs are 
designed to complement routine immunisation by tar-
geting the most vulnerable individuals in as short a time 
period as possible. OPV is given over a 2- day period, 
1 month apart, and the NIDs are repeated annually for 
at least 3 years.

Pertussis
Fever and mild local reactions are common. Consider a 
two- dose schedule for those areas where services can be 
provided only twice a year.

Measles
Accelerated implementation of strategies to reduce the 
burden of measles is required. Targeting children under 
5 years of age in major cities is a priority. Strategies to 
reduce the impact of infant measles include:

 O increasing coverage to the 9–23 months age group
 O a two- dose schedule at 6 months and 15 months is most 

appropriate for epidemic situations, and a two- dose 
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schedule at 9 months and 15 months is currently recom-
mended routinely. 

Tetanus
All healthcare workers at antenatal clinics should guaran-
tee that no women attending will have a child who dies of 
neonatal tetanus, by giving immunisation and advice about 
umbilical cord care. Vaccination of young adolescent girls 
is recommended in areas with poor antenatal coverage. 
Mothers who were not seen antenatally should be vac-
cinated when they bring their infants to clinic.

BCG
This offers good protection against disseminated tubercu-
losis and also affords some protection from leprosy. Where 
the risk of tuberculosis is high, BCG is recommended at 
birth or as soon as possible thereafter.

It is recommended for children living in countries with a 
high- disease burden for HIV and for high-risk children living 
in countries with low-disease burden. 

Children who are HIV positive or have unknown HIV 
status with symptoms consistent with HIV should not be 
vaccinated.

New vaccines and EPI
Hepatitis B and yellow fever vaccines have been recom-
mended since 1992. The HiB vaccine is also a priority, and 
is given as combination now in EPI programmes with the 
DPT and HBV as three doses. Newly introduced vaccines 
are the pneumococcal conjugate vaccine (PCV) and the 
rotavirus vaccines. Unfortunately there is no vaccine yet 
available against HIV or hepatitis C.

Other vaccines to consider based upon local epidemiol-
ogy and resource limitations would be:

 O MMR (Measles, Mumps and Rubella) vaccine instead of 
MCV/RCV as at present recommended 

 O Typhoid vaccine
 O Varicella vaccine
 O Meningococcal (Conjugate) vaccine.

Contraindications to immunisation
All vaccines

 O Anaphylactic reaction.
 O Moderate to severe acute illnesses with or without fever.
 O Evolving neurological disease.

Specifi c vaccines
 O Encephalopathy (DPT/DaPT).
 O Immunodefi ciency (OPV, BCG, MMR). 
 O Anaphylactic reaction to egg and neomycin (MMR, VZV). 
 O Pregnancy (MMR, OPV, IPV). 
 O Precautions for DPT: 

 — fever > 105 °F
 — collapse or shock- like state
 — seizures
 — persistent inconsolable crying.

Conditions that are not contraindications to 
immunisation

 O Minor illnesses, such as upper respiratory infections or 
diarrhoea, with fever < 38.5 °C.

 O Allergy, asthma or other atopic manifestations (e.g. hay 
fever, ‘snuffl es’).

 O Prematurity, small- for- date infants.
 O Malnutrition.
 O Child being breastfed.
 O Family history of convulsions.
 O Convalescent phase of illness.
 O Penicillin or other allergies.
 O Treatment with antibiotics, low- dose corticosteroids or 

locally acting (e.g. topical or inhaled) steroids.
 O Dermatoses, eczema or localised skin infection.
 O Chronic diseases of the heart, lung, kidney or liver.
 O Stable neurological conditions (e.g. cerebral palsy, 

Down’s syndrome).
 O History of jaundice after birth.

HIV infection and vaccination 
Individuals with known or suspected asymptomatic HIV 
infection should receive all EPI vaccines (including against 
rotavirus) as early in life as possible according to nationally 
recommended schedules. Because of the risk of early and 
severe measles, infants should receive a standard dose at 
6 months, with a second dose as soon after age 9 months 
as possible. 

Children who are HIV positive or have unknown HIV 
status with symptoms consistent with HIV should not be 
vaccinated with BCG.

Also see Sections 2.8.C and 6.2.D HIV Infection.

TABLE 1.17.2 WHO/UNICEF recommendations for the immunisation of HIV- infected children and women of childbearing age

Vaccine HIV positive without 
symptoms

HIV positive with symptoms Optimal timing of immunisation

BCG No No

DPT Yes Yes 6, 10 and 14 weeks

OPV Yes Yes 0, 6, 10 and 14 weeks

Measles Yes Yes 6 and 9 months

Hepatitis B Yes Yes As for uninfected children

Rotavirus Yes Yes 6, 10 weeks

Yellow fever Yes (No pending further studies) –

Tetanus toxoid Yes Yes 5 doses

Additional vaccines that should be seriously considered in 
HIV- infected children include the following:

 O Varicella vaccine:

 — recommended in asymptomatic/mildly symptomatic 
children

 — two doses should be given with a 3- month interval
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 — strongly recommended for HIV- negative siblings and 
other children in the household

 — contraindicated in moderately and severely immuno-
compromised children.

 O Other vaccines:

 — infl uenza virus vaccine annually, specifi c strain only
 — hepatitis A 
 — parenteral typhoid vaccine (oral administration is 
contraindicated).

TABLE 1.17.3 Recommended vaccine storage time and temperature

Vaccines Shelf life Transport 
state- district

State/district Transport to PHC PHC

DTT/TT and typhoid 1–1.5 years (4–8°C) +4 to +8°C 3 months (4–8°C) 4–8°C 1 month (4–8°C)

BCG 8 months (4–8°C) +4 to +8°C 3 months (4–8°C) 4–8°C 1 month (4–8°C)

Measles and OPV 2 years at –20°C –20°C to +8°C 3 months (–20°C) –20°C to + 8°C 1 month (4–8°C)

Logistic actions to avoid unnecessary risk, vaccine wast-
age and missed opportunities are essential.

Immunisation instruments recommended by 
EPI
Disposable single- use plastic syringes are safe and eco-
nomical, but it is important to correctly destroy and dispose 
of the syringes and sharps after use. Used needles and 
syringes should be placed in a hard container, sealed, 
autoclaved, and ideally incinerated for disposal.

 O Opened vials of OPV, DPT and hepatitis B vaccines may 
be used in subsequent immunisation sessions until a 
new shipment arrives (provided the expiry date has not 
passed, vaccines are kept in the cold chain and the vials 
have not been used outside the health centre).

 O Opened vials of measles, yellow fever and BCG vaccines 
must be discarded at the end of each immunisation 
session.

 O Vaccine vial monitors (VVMs) will enable fi eld staff to 
reject vials of vaccine that are heat damaged.

 O Screen and immunise at every contact. The rate of 
non- immunisation of eligible children at clinics may be 
as high as 30%.

 O Reduce wastage by choosing the correct vial size.
 O Ensure appropriate use of the vaccine cold box. Cold 

boxes only work if they are kept cold with the lid tightly 
shut. Ice packs are placed in the bottom and around 
the sides of the box and on the top of the vaccines. 
Newspaper should be placed between the vaccines 
and the icepacks to protect DPT and tetanus vaccines 
from the ice. A thermometer should be placed with the 
vaccines to record the temperature of the vaccines when 
they are removed from the cold box. The diluent that 
is used to reconstitute measles and BCG vaccine must 
also be kept cold. 

 O Effective supervision requires focus on the essentials.
 O Evaluate and monitor the programme.

Care of refrigerators
A constant supply of electricity, gas or kerosene is required. 
The electric plug can be taped to its socket to ensure 
that it is not inadvertently removed. For gas and kerosene 
fridges, a reserve full bottle of gas or can of fuel should 
always be present. A regulator valve should be used with 
the gas bottle. Kerosene tanks should be fi lled daily using 
a funnel and fi lter to remove dirt. The refrigerator should be 
positioned in a completely upright position with a draught 
blowing on the temperature exchanger to keep it cool. A 

fan can be used for this if there is no wind and the ambient 
temperature is high. 

Summary
 O Vaccines are the best form of prevention, especially for 

children under 5 years of age. 
 O They are safe, effective, generally economical, and 

easily available.
 O Immunisation of a child should start at birth and continue 

until they are old enough to attend college.
 O Standards must be maintained with regard to procure-

ment, delivery, storage and administration of all vaccines.
 O In the event of missed doses, in most cases the vac-

cination schedule can be completed from the time when 
the dose was missed.

 O Mild fever and upper respiratory tract infections are not 
contraindications to giving vaccination.

 O Do take every opportunity to recommend vaccination 
for children.

Immunisation issues in pregnancy
Vaccination against tetanus
The most important vaccination that should be given to all 
pregnant women and girls is to prevent tetanus in women 
and in the newborn infant. After two doses, protective 
antibodies are present in more than 80% of recipients. The 
vaccine is safe in pregnancy, and two doses of vaccination 
last for at least 3 years.

If the woman or girl has a tetanus- susceptible wound, 
including following an unsafe abortion, protect against 
future tetanus risks by immunising her immediately if she 
is not already protected. In addition, provide prophylaxis 
with tetanus immunoglobulin if the wound is large and 
possibly infected with soil or instruments contaminated 
with animal excreta.

In the antenatal setting, check the immunisation status 
of the pregnant woman (either by a history or from the 
record card), regardless of whether she intends to continue 
the pregnancy. 

If the woman has not previously been vaccinated, or 
her immunisation status is unknown, give two doses of 
TT/Td 1 month apart as soon as possible before delivery, 
TT1 and TT2 (one dose is not enough to give protection to 
the mother or newborn baby). Two doses protect for 1 to 
3 years. If there is time in the remainder of the pregnancy, 
give another dose, TT3, 6 months after the second initial 
dose; otherwise give the third dose, TT3, in the next preg-
nancy. Three doses protect for at least 5 years. A fourth 
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dose can be given at least 1 year after TT3, and protects 
for at least 10 years.

If the woman can prove her previous vaccination history, 
and provided she has had between 1 and 4 doses in the 
past, give one additional dose before delivery. 

Before giving the vaccine, shake the vial and make sure 
that the material in the base of the vial is completely mixed 
with the liquid. If it is suspected that the vaccine has been 
frozen and thawed, this mixing may not occur and the vial 
should not be used. 

If neonatal tetanus occurs, give the mother one dose of 
TT as soon as possible, and repeat the dose 4 weeks later 
and then again 6 months after the second dose. 

Record the doses given on a central hospital/clinic reg-
ister. However, it is of paramount importance to record them 
on a card or maternal health record kept by the mother. 

Immunisation against hepatitis B virus (HBV)
All pregnant women and girls should ideally be offered 
screening for HBV. 

They may have become infected at their birth (vertical 
transmission) or by sexual contact or through infected 
blood transfusion or use of dirty needles. Hepatitis B can 
be passed from a mother to her baby during or shortly 
after delivery. Having a Caesarean section does not prevent 
the virus from being transferred to the baby. If a ventouse 
delivery is undertaken a soft cap is preferred to the metal 
cup. Breastfeeding is safe.

During pregnancy, all women should have a blood test 
for a marker of hepatitis B virus, which is called hepatitis 
B surface antigen (HBsAg). Normally the HBsAg should 
be negative.

If a pregnant woman’s HBsAg test or hepatitis B 
e- antigen (HBeAg) test are positive, the infant must be 
given hepatitis B immunoglobulin (HBIG) as soon as possi-
ble after birth to reduce the transmission rate from 70–90% 
to 5–10%. 

Similarly, if a woman develops HBV infection during 
pregnancy, HBIG prophylaxis (400 IU given intramuscu-
larly), which is safe, should be administered urgently within 
24 hours of infection if possible. Acute HBV infection may 
be asymptomatic or present with signs of acute hepatitis. If 
available, antiviral therapy can be given to pregnant women 
who have high viral loads. 

HBIG provides immediate protection for the woman or 
infant, but the effect only lasts a few months. Women or their 
babies should then be given a course of HBV vaccination 
(the initial dose being given at the time of HBIG, and then 
two further doses at 1 and 6 months after the initial dose). 

The newborn infant, in addition to receiving the HBIG 
described above, should receive the hepatitis B vaccine at 
birth, again at 1–2 months, and fi nally at 6 months of age. 

It is important to complete all three doses for long- term 
protection. The infant should have a blood test for hepatitis 
B infection and for hepatitis B antibody at 9–18 months of 
age. If the antibody test is negative, a fourth dose of the 
vaccine should be given at that time. 

Women who are HBsAg- positive must not donate 
breast milk. 

Vaccinations that should not be given during 
pregnancy 
Live vaccines

 O BCG (live attenuated strain).
 O Oral typhoid vaccine.
 O Measles–mumps–rubella (MMR).
 O Rotavirus. 
 O Varicella.
 O Yellow fever (unless travelling to areas in which yellow 

fever is endemic).

Inactivated vaccines
 O Oral cholera.
 O 7- Valent pneumococcal conjugate. 

WHO recommendations for Immunisation of Health Care 
Workers:

Hepatitis B. Immunisation is suggested for groups at 
risk of acquiring infection who have not been vaccinated 
previously (for example HCWs who may be exposed to 
blood and blood products at work).

Polio. All HCWs should have completed a full course of 
primary vaccination against polio.

Diphtheria. Particular attention should be given to revac-
cination of HCWs with diphtheria boosters every 10 years. 
Special attention should be paid to immunising HCWs who 
may have occupational exposure to C. diphtheria.

Measles. All HCWs should be immune to measles and 
proof/documentation of immunity or immunization should 
be required as a condition of enrolment into training and 
employment.

Rubella. If rubella vaccine has been introduced into the 
national programme, all HCWs should be immune to rubella 
and proof/documentation of immunity or immunisation 
should be required as a condition of enrolment into training 
and employment.

Meningococcal disease. One booster dose 3–5 years 
after the primary dose may be given to persons considered 
to be at continued risk of exposure, including HCWs.

Further reading
Vaccines and vaccination against yellow fever. WHO Position 

Paper – June 2013 www.who.int/wer/2013/wer8827.pdf
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1.18 Recognition by hospital workers of the abuse 
and exploitation of pregnant women and children 

For health workers in hospitals, the two most important 
issues are:
1 that abusive injuries are recognised and diagnosed 
2 that future abuse is where possible prevented by the 

involvement of agencies such as social services, the 
police and legal teams working together.

Child abuse and family violence against pregnant women 
represent a worldwide problem.

Categories of ill treatment and abuse
A new way of looking at this subject divides the ill treatment 
or abuse into three categories based on the intention of 
the perpetrators.

Ill treatment resulting from human 
weakness
This occurs at some time in every family, often without 
realisation.

It is best addressed through education, religious or other 
community initiatives.

Ill treatment resulting from stress
This can involve violence, which is sometimes very severe. 
Perpetrators are often unhappy, are suffering from an 
undiagnosed or untreated mental illness, dependent on 
drugs or alcohol, unsupported, and were often inadequately 
parented in their own childhood. After violent acts, the 
perpetrator usually becomes distressed. They do love and 
care for their victim.

This problem needs professional support that is appropri-
ately led by local social services staff, not punitive legislation.

Abuse that is undertaken for gain
This often involves the most serious and prolonged forms of 
violence, resulting in great suffering. The perpetrator usually 
has a psychopathic personality disorder and is immune or 
insensitive to the suffering of others. Indeed, they may even 
enjoy infl icting emotional or physical pain. Mental illness is 
not responsible for this form of abuse. Although the perpe-
trators are aware that what they are doing is wrong, they are 
gaining from doing it. They will do all that they can to avoid 
being detected, by employing elaborate and plausible lies, 
characteristically weaving objects of truth into a latticework 
of deceit. The perpetrators are usually dangerous and 
frighten local social workers, health visitors, doctors and 
teachers, who need to be involved in a protected manner. 
The perpetrators may work in groups such as the criminal 
gangs involved in human traffi cking.

The kinds of abuse undertaken in this third category 
include: 

 O trafficking of women and children as slaves or for 
prostitution

 O sadistic injuries (e.g. deliberate burns from cigarettes, 
scalding, holding the person against hot objects, etc.)

 O multiple fractures, often inflicted at different times, 
refl ecting the severity of violence

 O excessive ritual punishments (e.g. regular and savage 
beatings, usually with implements)

 O deliberate starvation, as distinct from neglect as in the 
second category 

 O the fabrication or inducement of illness
 O sexual abuse.

The most diffi cult issue is to distinguish this form of 
abuse from perpetrator stress- related ill treatment (the 
second category above).

The possibility of ill treatment or abuse must be consid-
ered in the differential diagnosis of all children or pregnant 
women or girls who have suffered an injury and present 
to hospital. 

All professionals who are working with children and 
pregnant women or girls need to be aware of the clinical 
manifestations of abuse and do everything that they can to 
protect their patients from further harm.

Some cultural practices are abusive. For example, 
female genital cutting (see Section 2.10) not only causes 
great suffering at the time, but can interfere with future 
childbirth and sexual relationships. 

Abuse and ill treatment occurs across all social classes.

Features of family members known 
to be associated with ill treatment or 
abuse 
Observe the relationship between the family and the patient. 

 O Is it loving and caring? 
 O Were any family members themselves abused as 

children?
 O Are the parent(s) of a child young and/or unsupported? 
 O Are the parent(s) of a child single or substitutive?
 O Does the parent of a child have learning diffi culties?
 O Do the parents of a child have a poor or unstable 

relationship?
 O Is there existing domestic violence, drug or alcohol 

abuse in the family?
 O Does the parent of a child have a mental illness (e.g. 

postnatal depression)?

Critical threshold for concern
Arriving at the critical threshold may be immediate and 
straightforward (e.g. the fi nding of bruising on a small infant, 
or a direct disclosure of abuse from a child or pregnant 
girl). In some circumstances the situation is less clear (e.g. 
if there are a number of non- specifi c signs or indicators, or 
in cases of neglect). At some point a balanced assessment 
is required between the provision of family support for a 
patient who is judged to be ‘in need’, and taking action 
directly to protect them.

The ‘critical threshold’ is that point beyond which 
behaviour(s) towards a patient can be considered to be ill 
treatment or abuse, and beyond which it becomes neces-
sary to take action. That is the time to raise concerns with 
the parents, carers and/or family and the time to refer to 
the statutory agencies (either social services or the police, 
depending on the local legislative system).
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1.19 Transport of ill patients 

The transport of patients who are ill should follow the same 
principles whether the distance is long or short, and whether 
the journey is within or between healthcare facilities. 

All transfers pose a potential risk, and should only be 
undertaken if safe treatment cannot be given within the 
facility where the patient is at present. 

Preparation and planning allow mitigation of risks to 
both the patient and healthcare staff. 

Staff who are trained in transport provide better- quality 
transfers.

Stabilisation prior to transport is preferable, as better- 
quality transport is of benefi t to patient outcomes. However, 
time- critical pathologies may change the balance of risk and 
benefi t between time spent on stabilisation and the need 
for rapid transfer for defi nitive treatment.

Never assume that resources and equipment will be 
available in transport vehicles. Prepare beforehand to be 
self- suffi cient.

Use the principles of ABCD to guide management of 
the patient for transport.

Use a checklist (see Table 1.19).
Pregnancy- related emergencies involve two patients – 

the mother and the baby.
Many obstetric emergencies require urgent, rapid and 

safe transport from home to the nearest facility where there 
is comprehensive emergency obstetric care (EmOC). This 
is particularly relevant for emergencies such as massive 
obstetric haemorrhage, eclampsia, obstructed labour, 
shoulder dystocia and complicated breech delivery. 

Ideally, every pregnant woman or girl should have a 
local transport plan ready in advance for an unexpected 

emergency. This could consist of a village taxi, a relative’s 
car, or some other form of transport, the fuel for which 
needs to be secured in advance. 

Ideally, there should also be an emergency transport 
system based in the nearest health facility with compre-
hensive EmOC and having a midwife on call 24 hours a 
day who can go out with an ambulance containing suitable 
emergency equipment and drugs to the home of a mother 
with a life- threatening emergency, stabilise her and transport 
her back to the health facility. 

The following paper describes a system of this type: 
www.reproductive-health-journal.com/content/pdf/1742-
4755-7-21.pdf.

Motor cycle and side- car ambulances (e.g. www.
eranger.com) can be extremely effective for transporting 
pregnant women and girls along diffi cult roads in rural areas 
to a hospital or clinic. 

TABLE 1.19 Transport checklist

Airway/Breathing Yes/No

Is the airway safe? Is there anything that can be done to improve the airway? Yes/No

Is oxygen required? Pulse oximeter (battery operated with additional power from the ambulance cigarette 
lighter) can help to guide the need for oxygen

Yes/No

Is oxygen available? Oxygen cylinders full and working – enough for the return expected journey Yes/No

Is ventilatory support 
required?

Bag-valve-mask of the correct size available and working Yes/No

Suction Manual system and catheters available Yes/No

Circulation Yes/No

IV access Working and secured Yes/No

Volume Ringer- lactate or Hartmann’s solution bags and delivery kits Yes/No

D Neurology Yes/No

Temperature Suffi cient blankets available Yes/No

Blood sugar level Glucose for IV or gastric tube administration available Yes/No

Other Yes/No

Birthing needs Delivery kit, bag-valve-mask for neonate, towels, oxytocin, misoprostol, magnesium 
sulphate and condom catheter

Documentation All relevant documentation with the patient Yes/No

Family members Family members know what the plan is Yes/No

Healthcare communication Receiving site is aware of the patient and their expected time of arrival Yes/No

FIGURE 1.19.1 Safe transport rules.
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1.20 Ethics in healthcare 

Introduction
Ethics is the study of morality. Morality is defi ned as the 
values used in human behaviour and decision making.

Medical ethics
Medical ethics is the branch of ethics that deals with moral 
issues in medical practice.

Anyone who is involved in patient care uses ethics, 
whether or not they have had formal teaching in medical 
ethics (most people have not).

Usually law and ethics are closely related, but there are 
some differences:

 O Laws differ between countries, whereas ethics are 
applicable to all countries.

 O Ethical obligations take priority over legal duties.
 O When law confl icts with medical ethics, healthcare work-

ers should advocate for changing the law.

There are four basic principles of ethics in healthcare which 
apply to most moral issues that arise in healthcare:
1 Autonomy: this means self- determination. If a patient is 

fully informed and competent (i.e. is able to understand 
the implications of having treatment or no treatment), 
they have the right to refuse or accept treatment. Such 
decisions must be respected, even if they are not 
thought by health workers to be in the patient’s best 
interests. 

2 Benefi cence: this means doing good and promoting 
well- being. This has to be considered for the individual 
patient, and may confl ict with autonomy. 

3 Non- malefi cence: this means doing no harm. In health-
care, it is recognised that there is a risk of harm whenever 
investigations or treatment are carried out to benefi t 
the patient. Malefi cence refers to harm infl icted with no 
intended benefi t to the patient.

4 Justice: this means equality before the law or fair-
ness. It refers to the fair allocation of scarce resources 
to patients, and the justifi cation for money spent in 
the health service. This may mean equal access to 
healthcare, maximum benefi t of resources available, or 
allowing people choice in their healthcare. This decision 
may not be able to be taken by an individual. In a society 
where justice prevails, the aim is for all citizens to have 
equal access to healthcare.

Medical ethics in different countries
Different cultures and societies have different expectations 
about the relative values of the individual ethical principles. 
Some societies expect a benefi cent or non- malefi cent 
approach, whereas others expect an overriding respect 
for autonomy. It is essential that, as well as working within 
professional ethics, health workers respect the law in the 
countries where they practise, provided that the law does 
not harm the patient. 

If a law or laws do harm patients or fail to protect them 

from harm, the healthcare workers should advocate for 
appropriate change in those law(s).

Some cultures put less weight on individualism, and 
involve the family and/or community in decision making.

Gender may also affect decision making. In some 
societies, decision making is the man’s responsibility and 
the woman has no autonomy. 

In some countries, health workers will not be forced 
to do anything unethical, whereas in others, there may be 
pressure from the police or the army to participate in torture 
or reveal the names of patients and their injuries and so 
break confi dentiality.

In 2001 in South Africa, the Treatment Action Campaign 
(TAC) launched legal action to demand more widespread 
access to nevirapine to reduce mother- to- child transmis-
sion of HIV/AIDS. The High Court issued an order to the 
government to make nevirapine available to pregnant 
women with HIV.

In the USA, the emphasis is on the individual’s autonomy, 
whereas in Africa the community may be more important, 
so the principles of benefi cence and distributive justice 
may predominate. 

Codes of ethics
The nursing and medical professions have their own interna-
tional codes of ethics, adopted by the International Council 
of Nurses (ICN) and the World Medical Association (WMA), 
respectively.

There are more similarities than differences in medical 
ethics worldwide, and the World Medical Association has 
the role of setting standards in medical ethics that are 
applicable worldwide. The association was set up in 1947 
to prevent a repetition of the unethical conduct of physicians 
in Nazi Germany and elsewhere. The WMA has developed 
an International Code of Medical Ethics, which was last 
revised in 2006.

The International Council of Nurses developed a code 
of ethics for the nursing profession in 1953, which was last 
revised in 2005. 

WMA International Code of Medical Ethics
 O This was adopted by the 3rd General Assembly of 

the World Medical Association, London, England, in 
October 1949.

 O It was amended by the 22nd World Medical Assembly, 
Sydney, Australia, in August 1968.

 O It was next amended by the 35th World Medical 
Assembly, Venice, Italy, in October 1983.

 O It was most recently amended by the 57th World Medical 
Association General Assembly, Pilanesberg, South 
Africa, in October 2006.
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Duties of physicians in general
A physician shall:

 O always exercise their independent professional judge-
ment and maintain the highest standards of professional 
conduct

 O respect a competent patient’s right to accept or refuse 
treatment

 O not allow their judgement to be infl uenced by personal 
profi t or unfair discrimination

 O be dedicated to providing competent medical service in 
full professional and moral independence, with compas-
sion and respect for human dignity

 O deal honestly with patients and colleagues, and report 
to the appropriate authorities those physicians who 
practice unethically or incompetently or who engage in 
fraud or deception

 O not receive any fi nancial benefi ts or other incentives solely 
for referring patients or prescribing specifi c products

 O respect the rights and preferences of patients, col-
leagues, and other health professionals

 O recognise their important role in educating the public, 
but use due caution in divulging discoveries or new tech-
niques or treatment through non- professional channels

 O certify only that which they have personally verifi ed
 O strive to use healthcare resources in the best way to 

benefi t patients and their community
 O seek appropriate care and attention if they suffer from 

mental or physical illness
 O respect the local and national codes of ethics.

Duties of physicians to patients
A physician shall:

 O always bear in mind the obligation to respect human life
 O act in the patient’s best interest when providing medi-

cal care
 O owe his or her patients complete loyalty and all the 

scientifi c resources available to him or her. Whenever 
an examination or treatment is beyond the physician’s 
capacity, he or she should consult with or refer to another 
physician who has the necessary ability

 O ensure that he/she remains competent to provide 
medical care in his/her fi eld by continual professional 
development

 O submit him/herself to assessment of health, probity, 
knowledge and competence by peers when appropriate

 O respect a patient’s right to confi dentiality. It is ethical to 
disclose confi dential information when the patient con-
sents to it or when there is a real and imminent threat of 
harm to the patient or to others and this threat can be 
only removed by a breach of confi dentiality

 O give emergency care as a humanitarian duty unless 
they are assured that others are willing and able to give 
such care

 O in situations when they are acting for a third party, ensure 
that the patient has full knowledge of that situation

 O not enter into a sexual relationship with their cur-
rent patient, or into any other abusive or exploitative 
relationship.

Duties of physicians to colleagues
A physician shall:

 O behave towards colleagues as he or she would have 
them behave towards him or her

 O not undermine the patient–physician relationship of col-
leagues in order to attract patients

 O when medically necessary, communicate with col-
leagues who are involved in the care of the same patient. 
This communication should respect patient confi dential-
ity and be confi ned to necessary information.

The ICN Code of Ethics for Nurses 
This code has four principal elements that outline the 
standards of ethical conduct.

Elements of the code
1 Nurses and people

 O The nurse’s primary professional responsibility is 
to people requiring nursing care. In providing care, 
the nurse promotes an environment in which the 
human rights, values, customs, spiritual beliefs of 
the individual, family and community are respected.

 O The nurse ensures that the individual receives suf-
fi cient information on which to base consent for care 
and related treatment.

 O The nurse holds in confi dence personal information, 
and uses judgement in sharing this information.

 O The nurse shares with society the responsibility for 
initiating and supporting action to meet the health 
and social needs of the public, in particular those of 
vulnerable populations.

 O The nurse also shares responsibility to sustain and 
protect the natural environment from depletion, pol-
lution, degradation and destruction.

2 Nurses and practice
 O The nurse carries personal responsibility and 

accountability for nursing practice, and for main-
taining competence by continual learning.

 O The nurse maintains a standard of personal 
health such that the ability to provide care is not 
compromised.

 O The nurse at all times maintains standards of personal 
conduct which refl ect well on the profession and 
enhance public confi dence. 

 O The nurse, in providing care, ensures that use of 
technology and scientifi c advances is compatible 
with the safety, dignity and rights of people.

3 Nurses and the profession
 O The nurse assumes the major role in determining and 

implementing acceptable standards of clinical nurs-
ing practice, management, research and education.

 O The nurse is active in developing a core of research- 
based professional knowledge.

 O The nurse, acting through the professional organisa-
tion, participates in creating and maintaining safe, 
equitable social and economic working conditions 
in nursing.

4 Nurses and co- workers
 O The nurse sustains a cooperative relationship with 

co- workers in nursing and other fi elds.
 O The nurse takes appropriate action to safeguard indi-

viduals, families and communities when their health 
is endangered by a co- worker or any other person.

Ethics in different situations, namely consent, confi dential-
ity, end- of- life decisions and research, will be discussed 
below.
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The ethics of consent
Informed consent is the process of a ‘competent’ patient 
receiving information needed to make a choice. It has fi ve 
elements:
1 Disclosure of information: The patient has the right to 

the information necessary to make his or her decisions 
and to be informed of the consequences of his or her 
decisions.

2 Comprehension: The patient should understand the 
purpose of any test or treatment, the implications of 
the results, and the implications of not having the test 
or treatment. 

3 Voluntariness (freedom from control by others): The 
patient has the right to self- determination, which 
includes making free decisions regarding him-  or herself.

4 Competence: A mentally competent adult patient has 
the right to give or withhold consent to any diagnostic 
procedure or therapy.

5 Choice: Children may be able to consent to some pro-
cedures, but not to other more complex procedures.

Article 12 of the United Nations Convention on the Rights 
of the Child (1989) states:

‘A child who is capable of forming his/her view has 
the right to express those views freely on all matters 
affecting the child, the views of the child being given 
due weight in accordance with the age and maturity 
of the child.’

The child’s competence and parental 
involvement: respect for autonomy
Where a child is not competent to give or withhold consent 
to treatment, a person with parental responsibility must act 
as an advocate for the child to authorise investigations or 
treatment which are in the child’s best interests. Parents 
have the right to be involved in the decision- making pro-
cess, and this right is protected by law in most countries.

It is the doctor’s responsibility to assess a child’s capac-
ity to decide whether he or she can consent to, or refuse, 
a proposed investigation or treatment before providing it. 
A competent child must be able to understand the nature, 
purpose and possible consequences of the proposed 
investigation or treatment, as well as the consequence of 
non- treatment. Competence is presumed at different ages 
in different countries. Children’s competence is related to 
experience as well as to age, and young children can often 
clearly demonstrate that they have the competence to make 
decisions about treatment. Such competence has a legal 
standing in some countries (such as the so- called ‘Gillick’ 
competence in English law).

Providing the information: an essential 
component of consent
In some societies, disease and pain are interpreted in terms 
of sin and retribution. This may make it diffi cult for health 
workers to explain diagnostic and management options in 
medical terms.

Information should include details of the possible diag-
noses and prognosis, possible management options, the 
purpose of a proposed investigation or treatment, and the 
likely benefi ts and probabilities of success, and discussion 
about any serious or frequently occurring risks. Wherever 

possible the information should be given in a way that is 
clearly understood and remembered. 

All this information may be overwhelming for patients 
and their families. The principles of benefi cence and non- 
malefi cence might suggest that a more paternalistic and 
less forthright doctor might be behaving more ethically. 
However, it is important that personal views about how 
much to disclose are not imposed on the patient when 
explaining an illness or treatment to them. 

When providing information, it is essential that profes-
sionals do their utmost to fi nd out about the patient’s (and 
family’s) needs and priorities. This is often the most diffi cult 
part of the communication process, and involves respond-
ing honestly to any questions the patient or family raise and, 
as far as possible, answering these as fully as possible. It 
is for the competent patient, not the doctor, to determine 
what is in the patient’s own best interests. 

Finally, information for decision making should not be 
withheld from the patient and their family, unless it is judged 
that disclosure would cause the patient or family serious 
harm (the principle of non- malefi cence). It may also be 
inappropriate to discuss treatments that are not available.

Emergency situations
If the patient is unconscious or otherwise unable to consent 
to, or decline, treatment and there is no one legally able to 
consent for them (this varies between countries, and may be 
the patient’s child, brother, sister, etc.), urgent investigation 
and treatment may be carried out. This is sometimes called 
presumed consent, where the healthcare worker does what 
they think is in the best interests of the patient.

The UK General Medical Council (1998) advice on 
consent for emergencies includes the following:

‘In an emergency, where consent cannot be obtained, 
you may provide medical treatment to anyone, pro-
vided the treatment is limited to what is immediately 
necessary to save life or avoid signifi cant deterioration 
in the patient’s health.’

Summary of consent
 O Practise within the limits of the law of the country (unless 

this is harmful to the patient).
 O Assess the level of competence of the patient before 

deciding how much and how to tell them.
 O The patient and their family can tell you how much 

information they need to make a decision.
 O All decisions must be free from coercion.

Confi dentiality
This is not an ethical principle, but it involves a respect for 
autonomy, benefi cence towards the patient, and a desire 
to act with non- malefi cence.

Confi dentiality respects an individual’s autonomy and 
their right to control information relating to their own health. 
In keeping information confi dential, the doctor is acting 
benefi cently.

Most countries have laws to enable the breaking of 
confi dentiality in some circumstances – for example, to 
protect the safety of a third person, or: 
1 to prevent a serious crime, as information may need to 

be disclosed to the police
2 to report suspected child abuse
3 to report someone who is HIV positive who is unwilling 
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to inform their sexual partner(s) about this and does not 
consent to the healthcare worker telling the partner(s). 
The healthcare worker should inform the patient of his 
or her intention to inform the partner(s). 

Information should only be disclosed without the 
patient’s consent by health workers to individuals who 
need to know, and the recipient(s) of such information 
should keep it confi dential. 

Patient rights (family rights in the case of 
young children)
These are as follows:
1 to participate in developing a plan of treatment
2 to receive an explanation of how components of treat-

ment will be provided
3 only to have confi dentiality broken under certain condi-

tions (e.g. knowledge or suspicion of child abuse, intent 
of the patient to harm him-  or herself or others, or the 
presence of a communicable disease that may harm 
others)

4 to receive clinically appropriate care and treatment
5 to be treated in a manner that is free from abuse, dis-

crimination and/or exploitation
6 to be treated by staff who are sensitive to the family’s 

cultural background
7 to be given privacy. 

End- of- life issues 
These include the following:

 O attempts to prolong the life of a dying patient 
 O euthanasia and medically assisted suicide
 O care of terminally ill patients.

Attempts to prolong the life of a dying 
patient 
Where there is no benefi t to the patient these attempts are 
unethical. Futile treatments are those that are assessed as 
bound to fail and which are prolonging the dying phase. 
Withholding or withdrawing treatment is not the same as 
participating in assisted suicide or assisted euthanasia. This 
does not include palliative treatment, which must always 
be offered (see Section 1.16).

The patient may decide to discontinue treatment for a 
life- threatening illness while able to understand the informa-
tion needed to make an informed choice, and prefer to die 
with dignity, being treated palliatively. Alternatively, they may 
wish to continue treatment even if they understand that it 
can provide little benefi t. They must always be offered pal-
liative treatment, whatever their choice.

Euthanasia and assisted suicide are illegal in most countries 
and prohibited in most medical codes of ethics, and the 
WMA states that assisted suicide is unethical.

Euthanasia
Euthanasia (also known as ‘assisted dying’) means inten-
tionally performing an act that is intended to end another 
person’s life and:

 O the patient has voluntarily asked for their life to be ended 
and is competent, informed and has an incurable illness 

 O the agent knows about the patient’s condition and their 
desire to die, and commits the act with the intention of 
ending life

 O the act is undertaken with compassion and without 
personal gain.

Assisted suicide
This is knowingly and intentionally providing a person with 
the knowledge or means to commit suicide, including 
counselling about lethal doses of drugs, prescribing or 
supplying the drugs.

This does not mean that healthcare workers should 
abandon dying patients, but rather they should provide 
compassionate end- of- life care, including relief of pain and 
suffering (see Section 1.16).

This includes patients who have refused potentially life- 
saving treatment while competent to do so. For example, if 
a patient refuses potentially life- saving surgery for a ruptured 
ectopic pregnancy, they should still receive nursing and 
medical care and symptomatic relief of suffering. 

Withholding or withdrawing medical care 
If the patient is a child, the healthcare team and the parents 
must enter a partnership of care whose function is to serve 
the best interests of the child.
1 Although there is no significant ethical difference 

between withdrawing and withholding treatment, there 
are signifi cant practical differences.

2 Optimal ethical decision making concerning patients 
requires open and timely communication between 
members of the healthcare team, the patient and the 
family.

3 Parents must decide on behalf of a child who is unable 
to express preferences, unless they are clearly acting 
against the child’s best interests. Cultural practices and 
religious beliefs may have an impact on this.

4 The wishes (antecedent, if known) of a child who has 
suffi cient understanding and experience should be given 
substantial consideration.

5 Resolution of disagreement should be by discussion, 
consultation and consensus.

6 The duty of care is not an absolute duty to preserve life 
by all means.

7 A shift from life- sustaining treatment to palliation repre-
sents a change in aims and objectives, and does not 
constitute a withdrawal of care.

8 Health workers should never withdraw treatments that 
alleviate pain or promote comfort. 

9 There is a difference between treatment of the dying 
patient and euthanasia. When a dying patient is receiv-
ing palliative care, the underlying cause of death is 
the disease process. Treatments that may incidentally 
hasten death are justifi ed, if their primary aim is to relieve 
suffering.

Hospital ethics committees
Despite the growth of medical ethics and the publication 
of many professional codes of practice in recent years, it 
is still diffi cult for individuals to obtain guidance in resolving 
specifi c ethical dilemmas they face. Some hospitals have 
set up a hospital ethics committee or clinical ethics forum 
to discuss these dilemmas.

The jurisdiction of the ethics committee includes clinical 



102

International Maternal & Child Health Care

situations involving all patients, including infants and chil-
dren under 18 years of age.

Function of hospital ethics committees
1 Education: The committee should provide members of 

the hospital/medical staff with access to the language, 
concepts, principles and knowledge of ethics.

2 Policy review and development: the committee can 
assist the hospital and healthcare staff in the develop-
ment of polices and guidelines regarding recurrent 
ethical issues and questions which arise in the care of 
individual patients.

3 Case review: the committee should be a forum for 
analysis of ethical questions that arise in the care of 
individual patients. 

Appointment and membership
The committee is multidisciplinary, and should include doc-
tors, nurses, midwives, social worker, pastoral care, hospital 
director and chief of medical staff. A 30% membership 
from the general community has been suggested to ensure 
breadth of perspective and clarity of output.

Research ethics
Each year £35–40 billion is spent on healthcare research 
worldwide, but only 10% of this is aimed at the health 
problems of 90% of the world’s population.

Under- resourced countries need research to help 
to prevent and treat diseases such as tuberculosis and 
malaria, but lack funds and trained personnel, and therefore 
need expertise and fi nancial support from public and private 
sectors in wealthy countries. This can lead to exploitation 
of the people in the country where research is needed and 
undertaken.

The principles that should be followed by anyone who 
is designing or conducting healthcare research in under- 
resourced countries are as follows:

 O to alleviate suffering
 O to show respect for people
 O to be sensitive to cultural differences
 O not to exploit those who are vulnerable
 O the scientifi c and social importance of the research 

should outweigh the risks and burdens to the study 
subjects

 O all research should have social as well as scientifi c value
 O the populations involved in the research should benefi t 

from the results
 O staff working in the public sector where there are insuf-

fi cient staff to provide proper care for patients (e.g. in 
most of sub- Saharan Africa) should not be taken from 
their work in order to undertake research.

It is important that there are national guidelines in every 
country which set priorities for healthcare research, and if 
external sponsors propose research outside these priori-
ties, it must be justifi ed to the appropriate research ethics 
committees. 

There should be three levels of review for each research 
proposal: 
1 relevance to healthcare priorities in the country
2 scientifi c validity
3 ethical acceptability.

There are a number of national and international guidelines 
and regulations with regard to research (e.g. WMA, Council 
for International Organizations of Medical Science in col-
laboration with WHO, European Council and European 
Parliament), but these are often inappropriate for under- 
resourced countries.

Consent to research
For this to be valid, it should be given freely after full disclo-
sure of all relevant information in a manner understandable 
by the research subject. Consent for the research may be 
withdrawn by the subject at any time without there being 
any adverse effects on the subject. However, in some 
communities it is usual for male members of the family or 
a community to make decisions on behalf of women and 
children.

Level of care
The level of care provided to the control group (i.e. the 
group that is not having the active potential treatment) is 
controversial. Some argue that, if the research is externally 
sponsored, the people in the control group should receive 
the same standard of care as would be received in the 
sponsor’s country. Others argue that this prevents some 
research from being conducted. For example, if two treat-
ments are being compared in the under- resourced country, 
it is more appropriate for the new treatment to be compared 
with the one currently available in that country, not one that 
is inaccessible there.

Post- research considerations
If an intervention is effective, should it be made available to 
the research participants and the community? The country 
concerned may not be able to afford this, particularly if it is 
a new and expensive drug, but a decision should be made 
with the national government via its research ethics com-
mittee about what will happen after the trial period is over.

Healthcare worker relationships
As well as having an ethical duty towards patients, health-
care workers have an ethical duty towards other healthcare 
workers, to the healthcare system and to society. 

The health worker–patient relationship
1 The healthcare worker’s primary role is to be an advo-

cate for each patient’s care and well- being. They should 
always place the interests of their patients fi rst. The 
healthcare worker also has a duty to accept responsibil-
ity for his or her clinical decisions. 

2 The healthcare worker must treat each patient with 
honesty, compassion, dignity and respect. They should 
not exclude or discriminate against any patient because 
of ethnic origin, race, sex, creed, age, socio- economic 
status, diagnosis, physical or mental disability, or sexual 
orientation.

3 The healthcare worker’s commitment to patients 
includes health education and continuity of care by 
good communication with subsequent health workers.

The healthcare worker–healthcare worker 
relationship
Traditionally, healthcare workers have been part of a hier-
archical system, both within and between professions. 
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Doctors have been at the top of the caregiving hierarchy, 
above nurses and other healthcare workers. This situation 
is gradually changing, with other healthcare professionals 
increasingly questioning the reasoning behind a doctor’s 
decision.
1 Healthcare workers have a responsibility to maintain 

moral integrity, intellectual honesty and clinical compe-
tence. They should be aware of the limitations of their 
expertise and seek consultation or assistance in clinical 
situations in which they are not expert.

2 Healthcare workers should work as a team, supporting 
each other and working together for the benefi t of the 
patient.

3 Healthcare workers have an obligation to educate and 
share information with colleagues, including trainee 
healthcare workers. They should be committed to life-
long learning and continuously improve their knowledge 
and clinical skills relevant to their practice.

4 There is an ethical obligation to report impairment or 
misconduct of colleagues in order to prevent potential 
harm to patients.

The relationship between the healthcare 
worker and the system of care
1 The healthcare worker’s duty of patient advocacy should 

not be altered by the system of healthcare delivery in 
which they practise.

2 If there are confl icts of interest, the patient’s interests 
should take priority over those of others.

3 Healthcare professionals should campaign against 
unethical practices.

4 Healthcare professionals should not be infl uenced by 
commercial enterprises (e.g. companies that manufac-
ture drugs, diagnostic tools or equipment). The duty of 
the physician is to evaluate objectively what is best for 
the patient. Gifts designed to infl uence clinical practice 
are not acceptable.

5 Healthcare professionals should advocate to their 
departments of health for improved medical facilities and 
treatments for patients where acceptable basic facilities 
and treatments are lacking (e.g. oxygen, effective pain 
relief, blood transfusion services, access to vital skills 
such as surgery, basic life- saving drugs).

In many countries, there are huge divisions between the 
rich minority and the poor, exploited and disadvantaged 
majority. Healthcare professionals should be aware of this 
and acknowledge how their actions support such divisions, 
and aim to provide high standards of care independent of 
a patient’s or family’s ability to pay.

The relationship of the healthcare worker to 
society
Healthcare workers have a responsibility to society as well 
as to patients, and sometimes society’s best interests may 
take precedence over those of the patient (e.g. mandatory 
reporting of patients with a designated disease, those who 
are unfi t to drive and those suspected of child abuse).

In other circumstances there may be requests from the 
police or the military to take part in practices that violate 
human rights (e.g. torture). Healthcare workers should 
report unjustifi ed interference in the care of their patients, 
especially if fundamental human rights are being denied. 
If the authorities are unhelpful, contact with a national 
medical or nursing association, the WMA or World Nursing 
Federation, or a human rights organisation may be needed. 

The increasing mobility of society means that healthcare 
workers have a responsibility for global health, including 
preventing the spread of infectious diseases between 
societies and countries.

Another effect of globalisation is the mobility of health-
care professionals, and their migration from low- income to 
high- income countries. The shortage of healthcare workers 
is one of the biggest health problems facing low- income 
countries today.

The governments of low- income countries invest in 
the education and training of healthcare professionals, 
and therefore lose these resources and the contribution 
of these workers when graduates migrate. The factors 
considered by the migrant may be economic, social and/
or family related. Often in low- income countries there are 
low wages, poor working conditions, lack of leadership and 
very few incentives, as well as limited opportunities for their 
children. High- income governments encourage migration 
when there is a need, often with no compensation for the 
government where the migrant was trained.

This presents an ethical dilemma whereby if emigra-
tion was prevented it would restrict the autonomy of the 
individual, but on the other hand the health of a society 
suffers if there is mass migration of healthcare professionals. 
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1.21 Traditional medicine and its relevance to 
hospital care

BOX 1.21.1 Minimum standards
 Q Consider traditional medicine as a possible cause of any 

child presenting with symptoms suggesting poisoning.
 Q ABCD structured approach.
 Q Hypoglycaemia and electrolyte disturbance 

management.
 Q Antibiotics.
 Q Wound management.
 Q Tetanus immunisation promotion.

Introduction
Traditional medicine encompasses diverse health practices, 
remedies, approaches, knowledge and beliefs incorporat-
ing plant, animal and mineral products, spiritual therapies, 
charms, manual techniques, exercises, and in fact any 
kind of salutary method applied singly or in combination 
to diagnose, treat and prevent illnesses or maintain well- 
being, which has been handed down by the tradition of a 
community or ethnic group. In contrast with conventional 
medicine, which focuses on experiment and disease- 
causing pathogens, traditional medicine postulates that the 
human being is both a somatic and spiritual entity, and that 
disease can be due to supernatural causes arising from the 
anger of ancestral or evil spirits, the result of witchcraft, or 
the entry of an object into the body. It is therefore not only 
the symptoms of the disease that are taken into account, 
but also psychological and sociological factors. Thus the 
holistic nature and culture- based approach to traditional 
healthcare is an important aspect of the practice, and sets 
it apart from conventional western approaches. Traditional 
medicine is culturally treasured by various communities 
around the world. It thus plays an almost inestimable role 
in healthcare delivery to the people. 

In many parts of sub- Saharan Africa, it is estimated 
that about 80% of the population use traditional health 
services. Most rural and urban dwellers often supplement 
treatment by orthodox medical practitioners with treatment 
by traditional healers. In Ghana, Mali, Nigeria and Zambia, 
it has been found that the fi rst- line treatment for 60% of 
children with high fever from malaria is the use of herbal 
medicines at home. Traditional medicine is extensively used 
in Latin America and Asia. In China, 40% of all healthcare is 
delivered by traditional health practitioners. In 2007, there 
were an estimated 190 000 traditional health practitioners in 
South Africa. They treat an array of health- related problems 
as well as culture- bound syndromes or ailments considered 
to be non- responsive to western medicine. In 2002, the 
World Health Organization (WHO) estimated that traditional 
medicine provided 80–90% of healthcare in Africa. 

For example, among Nigerians, there are powerful cul-
tural and religious beliefs and practices relating to health. 
Approximately 85% of the population use traditional medi-
cine and consult its practitioners for healthcare. The majority 

(70%) of Nigeria’s population is rural and relies almost 
exclusively on traditional medicine for its healthcare needs. 

The popularity of traditional medicine has been attrib-
uted to poverty, limited or no access to good- quality 
orthodox medicine, illiteracy and ignorance. Other factors 
include affordability, availability, effi cacy, costly or ineffi cient 
orthodox medical facilities, unfriendliness of hospital staff, 
poor communication (e.g. patients not being told the nature 
and cause of their illness), inadequate technical services 
leading to poor- quality care, treatment that is divorced 
from the patient’s culture, family and community, and the 
treatment only addressing biological aspects of the illness 
rather than also addressing spiritual aspects. 

The traditional healer, as defi ned by the WHO (1976), 
is a person who is recognised by the community in which 
they live as being competent to provide healthcare by using 
vegetable, animal and mineral substances and certain other 
methods based on the social, cultural and religious back-
ground, as well as the knowledge, attributes and beliefs 
that are prevalent in the community, regarding physical, 
mental and social well- being and the causation of disease 
and disability. They rely exclusively on practical experience 
and observations handed down from one generation to the 
next, whether verbally or in writing. For most countries of 
the world, a traditional healer may be able to perform many 
functions, thus being more versatile as a healer. 

The elements of traditional medicine include, among 
others, herbal medicine, massage, homeopathy, mud 
baths, music therapy, wax baths, refl exology, dance ther-
apy, hydrotherapy, mind and spirit therapies, self- exercise 
therapies, radiation and vibration, osteopathy, chiropractic 
medicine, aromatherapy, preventive medicine, radiant heat 
therapy, therapeutic fasting and dieting, spinal manipulation 
and psychotherapy. 

Traditional healers
There are various categories of traditional healers. Some 
of them may have areas of special interest. 

Herbalists
A herbalist is a person who specialises in the economic or 
medicinal uses of plants. The whole plant may be used or 
parts of the plant, including the whole root, root bark, whole 
stem, stem bark, leaves, fl owers, fruits and seeds, which 
may be administered to the patient in the following forms:
1 a powder that can be swallowed or taken with pap/

traditional porridge (cold or hot) or any drink 
2 a powder that is rubbed into cuts made on any part of 

the body with a sharp knife 
3 a preparation that is soaked for some time in water or 

local gin, and decanted as required before drinking; 
the materials could also be boiled in water, cooled and 
strained 

4 a preparation that is pounded with native soap and used 
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for bathing; such ‘medicated soaps’ are commonly used 
to treat skin diseases 

5 pastes or ointments, in a medium of palm oil or shea 
butter 

6 soup which is consumed by the patient
7 herbal preparations may also be administered as an 

enema. 

The plants are gathered from the environment, and are 
therefore part of every cultural tradition and have helped the 
development and growth of herbalism. Some of the plants 
that are facing extinction due to drought, bush burning, 
rapid growth of communities, farming or other factors are 
specially cultivated by some herbalists to maintain a steady 
source of supply.

Traditional birth attendants (TBAs) 
A traditional birth attendant assists the mother at childbirth, 
and initially acquired her skills delivering babies by herself or 
by working with other birth attendants. TBAs are predomi-
nantly female. For example, around 60–85% of childbirth 
in Nigeria is overseen by TBAs, especially in the rural com-
munities. They therefore occupy a prominent position in the 
healthcare system. Their skills are wide ranging, including 
diagnosis of pregnancy, antenatal care, conduct of labour 
and postnatal care. They are quite acceptable to those 
living in rural communities because their practice is linked 
to socio- cultural practices. For this reason, some govern-
ments have started to train TBAs in an attempt to reduce 
maternal and child morbidity and mortality.

Traditional bone setters
Traditional bone setters are knowledgeable in the art and 
skill of setting broken bones in the traditional way, using 
their skill to ensure that the bones unite and heal properly. 
They are involved in setting various types of fractures using 
wooden splints made from bamboo plants, and they use 
dry fi bre from banana stems as bandaging. Wounds result-
ing from such fractures are usually cleaned and bleeding 
stopped by the application of plant extracts. Some practi-
tioners fracture similar bones in a bird and treat it alongside 
the fractured limb of the patient. This is used to determine 
the time that it will take for the patient’s fracture to heal, 
and the correct time for removing the wrapped splints and 
clay cast. Importantly, some bone setters collaborate with 
orthodox medical practitioners who treat the open wounds, 
offer radiological services and give advice on cases that 
require referral. This may help to reduce the number of 
complications occurring in their practices.

Traditional surgeons
These practitioners undertake minor surgery. The pro-
cedures that they perform include the cutting of tribal 
marks, male circumcision and female genital mutilation 
(see Section 2.10), ear piercing, and incision and drainage 
of abscesses, to name just a few. Complications such as 
haemorrhage, tetanus and sepsis have been reported in 
their practices. 

Traditional psychiatrists 
The traditional psychiatrist specialises mainly in the treat-
ment of patients with mental disorders. Psychotics who 
are violent are usually restrained by chaining them with 
iron or by clamping them down with wooden shackles. 

Those who are diagnosed as demon possessed are usu-
ally caned or beaten into submission and then given herbal 
hypnotics or highly sedative herbal potions to calm them. 
Such herbal preparations include extracts of the African 
Rauwolfi a species. Treatment and rehabilitation of people 
with mental disorders usually take place over a long period 
of time. Incantations and various forms of occultism are 
often employed.

Practitioners of therapeutic occultism 
These are traditional practitioners who use supernatural 
or mysterious forces, incantations, or prescribed rituals 
associated with the community’s religious worship, and 
they adopt various inexplicable methods to treat a range of 
diseases. They are usually respected within the community 
because of their ability to deal with unseen and supernatural 
forces. They are regarded as witches and wizards.

Traditional medicine ingredient dealers
These dealers are involved in the buying and selling of 
plants, animals (including insects) and minerals used to 
make herbal preparations. Some of them also cultivate 
certain medicinal plants. Although they are not traditional 
healers, they have knowledge of products that cure differ-
ent disease conditions, and can therefore prescribe and 
administer these. Due to this fact, some of them are referred 
to as traditional healers.

Relevance of traditional medicine
Many communities have developed various traditional sys-
tems using locally available resources for the alleviation of 
their health problems. This has resulted in the appearance 
of a number of different categories of healers, and a variety 
of healing methods, strategies and medicines or remedies. 

Most people who live in rural communities do not have 
access to orthodox medicine. For example, in Nigeria it is 
estimated that about 75% of the population still prefer to 
solve their health problems by consulting traditional healers. 
Furthermore, many rural communities have great faith in 
traditional medicine, particularly its inexplicable aspects, as 
they believe that it represents the wisdom of their forefathers 
which also incorporates their socio- cultural and religious 
background, which orthodox medicine seems to neglect. 

There is some justifi cation for the use of herbs by the 
various traditional healers. A range of herbs have been used 
in the treatment of various disease conditions, including 
the African Rauwolfi a species (used to treat cardiovascular 
diseases such as hypertension), rose periwinkle (used to 
treat diabetes), the Chinese herb Artemisia annua (used to 
treat malaria) and lemon grass (used to treat diseases of 
the respiratory system). Although herbal medicines may 
have benefi cial active ingredients, the dosage cannot be 
controlled as there is no assay system for defi ning potency, 
and this increases the risk to patients who receive such 
treatment.

In environments where illness is believed to have a 
magical/spiritual origin, people become involved in intense 
prayers and sacrifi ces to compensate for their frailty and 
powerlessness. Western explanations of illness are rarely 
taken seriously. Local people may embrace traditional 
medicine to the exclusion of all other approaches, or com-
bine it with orthodox medicine. Adverse drug interactions 
may result from such combinations of approach. Medical 
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practitioners working in places where traditional medicine is 
practised must be patient and respectful in their encounter 
with patients who are using traditional approaches. With 
health education and therapy that bring real health benefi ts, 
local people will become persuaded to accept effective 
evidence- based treatment.

Although the disadvantages of traditional medicine 
are numerous, it does also have a few advantages. The 
traditional healers and their drugs are available in these 
communities and their drugs are relatively easy to obtain 
compared with those of orthodox medicine. The healing 
system cares for the body, mind and soul of the patient 
in the context of the family, community, God or gods. The 
relationship between the practitioner and the patient can 
be close, encouraging and intense, with active participa-
tion of the family and neighbours. The practitioners are 
well known, trusted and respected in the community, and 
their methods fi t very well with the culture and customs 
of the people. The drugs are cheap and readily available, 
and the healers accept payments either as a whole, in part 
or in kind, which also makes their treatments much more 
accessible for the people. 

Complications of traditional medicine
Contrary to popular opinion that traditional medicine, espe-
cially herbal medicine, is natural or safe, it can be hazardous 
to health if these preparations are taken in recommended 
or larger amounts, injected or combined with prescription 
drugs. Some Asian herbal products have been found to 
contain potentially dangerous concentrations of harmful 
substances such as arsenic, mercury and lead, many of 
which cause liver failure, haemorrhage or heart failure.

Where confidence in conventional medical care is 
low, there is a tendency to resort to more risky traditional 
remedies which may be more toxic. Conversely, when 
confi dence in conventional medical care improves, there 
is an increasing movement towards the use of less toxic 
remedies, even though the use of some traditional remedies 
may continue to satisfy cultural and social needs.

In many low- income countries, patients are subjected to 
traditional treatment as fi rst aid therapy in emergency condi-
tions at home. Caregivers may apply interventions that are 
ineffective, harmful, and have no pathophysiological basis. 

The application of traditional medical care that is inef-
fective may also lead to delayed presentation of potentially 
curable conditions to conventional care, resulting in unnec-
essary deaths and morbidity.

Some cultural practices are harmful to the health and 
survival of the newborn infant, and it is often young ‘fi rst- 
time’ mothers who are most likely to follow these practices. 
Giving newborn infants cold baths, discarding colostrum, 
and providing food other than breast milk soon after birth 
is common practice. The application of butter, ash or other 
substances, such as cow dung, to the umbilical stump 
increase the risk of life- threatening infection.

Examples of problems resulting from 
traditional medicine practices
Experience of the use of traditional medicine 
in Nigeria
In Nigeria, as in most other developing countries, children 
are subjected to unorthodox treatment as fi rst aid therapy 
in emergency conditions at home. Caregivers may apply 

interventions that are ineffective, harmful, and have no 
pathophysiological basis. The use of traditional medicine 
is largely ethnocentric. 

Crude oil
In the Niger Delta region of Nigeria, crude oil is available 
in large amounts. It is highly regarded locally as a remedy 
for a variety of ailments, including febrile convulsions, gas-
trointestinal disorders, burns, ‘foot rot’ and leg ulcers, and 
poisoning. It is also used in witchcraft. The oil is applied to 
the skin, mixed with alcohol or water as a drink, and instilled 
into body orifi ces such as the nostrils, ears, anus, vagina 
and urethra. The use of crude oil as traditional medicine in 
Nigeria has been reported to have an analgesic effect com-
parable to that of aspirin. Complications associated with its 
use have been reported in children with febrile convulsions.

Complications caused by crude oil have been reported 
to affect a number of organs, including the skin, lungs, 
liver and kidneys. Skin exposure may result in the forma-
tion of vesicles, blisters and even extensive epidermolysis. 
Ingestion of crude oil may result in nausea, vomiting and 
diarrhoea, and the aspiration of crude oil during vomiting 
results in chemical pneumonitis. Central nervous system 
symptoms range from vertigo and headache caused by 
ingestion of small doses, to lethargy, convulsions, coma and 
death with larger doses. Renal failure has been described 
as another toxic effect. 

Cow’s urine concoction
‘Cow’s urine’ concoction (CUC) is a traditional medicine 
used in the management of convulsive disorders in child-
hood among the Yoruba- speaking people of south- western 
Nigeria. It is prepared from leaves of tobacco, garlic and 
basil, lemon juice, rock salt and onion bulbs, which are 
soaked in cow urine, which acts as the vehicle in which 
the active principles of these constituents dissolve. Over 
50 chemical compounds have been identifi ed in CUC, the 
major ones being benzoic acid, phenylacetic acid, p- cresol, 
thymol and nicotine. These components are toxic, and have 
harmful effects on the different systems of the body. The 
main effects are severe respiratory depression, effects on 
the cardiovascular system and the central nervous system, 
and hypoglycaemia. These toxic effects acting singly or 
in combination are believed to be the cause(s) of death 
from CUC.

Cow dung
It is estimated that 30–40% of infections resulting in deaths 
from neonatal sepsis are transmitted at the time of childbirth 
and have early onset of symptoms (developing during the 
fi rst 72 hours after birth). Worldwide, 60 million births occur 
outside healthcare facilities, and even within such facilities, 
hygienic practices may be suboptimal. 

The unhealed umbilical cord is an important portal for 
local and invasive infections during the neonatal period. It 
is rapidly colonised by bacteria from the maternal genital 
tract and then from the environment. Infection can emanate 
from the bamboo stick that is used to cut the umbilicus, and 
from the cow dung (believed to have desiccating properties) 
that is used to dress the umbilical stump. Localised umbili-
cal infection (omphalitis) emanating from these sources 
can spread to the abdominal wall, the peritoneum, or 
through the umbilical or portal vessels leading to systemic 
sepsis, which if untreated has a high fatality rate. Neonatal 
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tetanus is a very important complication resulting from 
these practices, which are common among the Yorubas 
of south- western Nigeria and the Maasai people of Kenya. 
Cow dung is also used to anoint the heads of the sick 
among the Maasai people.

Traditional eye medications
In one study, complications occurred in 55% of the individu-
als studied, and included corneal opacities, staphyloma and 
corneal ulcers. Other complications were panophthalmitis, 
endophthalmitis, uveitis, cataract and bullous keratopathy. 
Eleven individuals in one study underwent enucleation of 
the affected eye.

Traditional healers tend to prefer to use substances that 
cause irritation and pain, as these are perceived by both 
healers and patients to be more potent. Such substances 
may be acidic or alkaline, resulting in ocular burns. No 
particular attention is paid to concentration and sterility, as 
most of these concoctions (mixture of various substances, 
which may be plant or animal extracts) are prepared without 
regard for hygiene, including the use of contaminated water, 
local gin, saliva and even urine. 

Most of these ocular conditions could have been ade-
quately treated using standard medicines, which were 
sometimes available. 

Experience of the use of traditional medicine 
in pregnancy in South Africa 
A recently published review showed that a large percent-
age of pregnant women still use herbal remedies during 
pregnancy and childbirth, and in one study the use of at 
least 56 botanical species was documented. 

Such herbal treatments are known collectively as 
Isihlambezo, which is taken as an antenatal tonic during 
the last trimester of pregnancy in the belief that it promotes 
a favourable pregnancy and a quick and uncomplicated 
labour. It is also used to treat common pregnancy- related 
ailments such as oedema, indigestion, constipation, infec-
tion and high blood pressure. It is even believed by some 
that such traditional medicines may be able to turn a 
breech baby.

Many different plants are ingredients of Isihlambezo, 
and the recipes for this tonic vary depending on factors 
such as the traditional healer consulted, the general state 
of health of the woman, the geographical area and the tribal 
community. The ingredients are boiled or infused in water 
and the ‘tea’ is then taken by the spoonful or cupful. The 
concentration of the mixture may be increased at the end 
of pregnancy in order to speed up labour. 

Isihlambezo mixtures can be purchased from and dis-
pensed by traditional healers and herbalists or ‘muti’ shops, 
and individual ingredients can be obtained from open herbal 
medicine markets throughout the country. In the rural areas, 
the ingredients for Isihlambezo are often harvested from the 
local countryside by senior women in the tribal community 
or by traditional birth attendants. 

Imbelekisane and Inembe are more specifi c remedies 
used as uterotonic drugs in cases of prolonged and diffi -
cult labour. However, interviews conducted with traditional 
healers in KwaZulu- Natal revealed that Imbelekisane and 
Inembe are regarded by them as dangerous medicines. 

Teratogenicity can be largely ruled out, as these rem-
edies are usually only used in the last trimester. However, 
the potential for maternal and fetal toxicity remains. Sixteen 

of the species used in these remedies are known to be 
poisonous, and one of these, Callilepis laureola (Impila), 
is extremely poisonous and has been responsible for 
many fatalities resulting from hepato- renal failure. Other 
toxic effects that have been linked to the use of these 
medicines in pregnancy include low neonatal birth weights, 
fetal meconium staining of amniotic fl uid, and fatal uterine 
rupture.

All of the plants investigated in the above- mentioned 
study were able to directly stimulate uterine contraction 
to varying degrees. Clivia, Agapanthus and Rhoicissus 
signifi cantly augmented the initial response of the uterus 
to oxytocin, and were able to produce initial phasic con-
tractions followed by tonic contractions at higher doses. 
Herbal remedies containing these plants must therefore be 
considered to have the potential to cause uterine hyper- 
stimulation and its associated adverse effects, including 
uterine rupture.

Experience of traditional medicine in the 
Eastern Cape area of South Africa
In another publication, traditional remedies were found to be 
regularly used in the home management of children in the 
Eastern Cape, and probably in the great majority of cases 
these remedies do little harm beyond delaying presentation 
to the healthcare system. However, serious effects were 
occasionally identifi ed. Most often the traditional remedy 
was given to treat a symptom of an underlying disease, 
rather than being the cause of the condition or symptoms. 

 O iYeza lo moya: commonly given to infants by mouth, 
with few problems reported. However, a traditional 
enema may also be given, which may have more toxic 
effects.

 O Senecio extracts: infusions of this weed with yellow 
fl owers have been reported to cause veno- occlusive 
disease in a small number of children.

 O Impila: extracts from this root may cause fatal hepato- 
renal failure, often presenting with hypoglycaemia.

 O River onion: this is used both orally and rectally, and 
causes hepato- renal failure in a signifi cant number of 
children. 

 O Jeyes fl uid: this is sometimes added to rectal and oral 
remedies, and causes local and systemic effects.

Surgical complications of traditional 
medicine in East Africa
A series of case histories in 2007 included a 6- year- old girl 
sustaining a spiral fracture of the humerus during a road 
traffi c accident. The parents refused hospital treatment and 
took her to a traditional bone setter. Two weeks later she 
was brought back to the hospital with a gangrenous upper 
limb, which was the result of placing a tourniquet around 
the axilla. Debridement was undertaken but the child lost 
the whole of the skin of the forearm and most of the hand.

A second case involved an 18- month- old boy who 
underwent circumcision by a traditional practitioner. On 
subsequent admission to hospital he was found to have 
partial amputation of the glans penis. 

Traditional medicine used in pregnancy in 
Malaysia
In one study, 108 mothers (51% of those studied) used 
at least one type of herbal medicine during pregnancy. 
The type most commonly used (by 64%) was coconut oil 
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ingested only during the third trimester. The most common 
indication (90% of cases) was to facilitate labour. 

The older generation, parents and in- laws were those 
who most strongly encouraged the use of herbal medi-
cines. The main reasons for using these medicines were to 
facilitate labour, to promote the baby’s physical health and 
intelligence, to prevent a retained placenta or to promote 
abortion.

Management of suspected adverse 
effects of traditional medicine 
These include a rapid assessment of:

 O Airway 
 O Breathing
 O Circulation
 O Disability.

Regular assessment and treatment of these essential 
systems will ensure that management keeps abreast with 
progress and with the prevention of deterioration.

However, when treating patients who have been given 
traditional medicines, fi rst look for a medical cause of the 
symptoms and signs before assuming that the illness is due 
to the traditional remedy.

TABLE 1.21.1 Serious complications caused by traditional medicines, and their management

System affected Symptoms and signs Treatment

Cardiovascular Increased cholinergic actions such as lacrimation, salivation, 
rhinorrhoea, diarrhoea, vomiting and miosis, severe bradycardia 
or heart block

IV atropine may help

Anticholinergic actions such as hyperthermia, tachycardia or 
tachyarrhythmias, mydriasis, constipation or acute urinary 
retention

Anticholinesterase drugs may 
help

Neurological Weakness, epileptic fi ts, coma and intracranial bleeding Check blood clotting

Anticonvulsants

Pulmonary Anaphylaxis, bronchoconstriction

Severe interstitial pneumonitis, non- cardiac pulmonary oedema, 
acute eosinophilic pneumonia

Specifi c treatment for anaphylaxis 
and bronchoconstriction 

(see Section 5.1.B)

Corticosteroids 

Liver toxicity Nausea, anorexia, vomiting, jaundice with elevated liver 
transaminases

Supportive (see Section 5.7.A)

Nephrotoxicity Acute renal failure and tubular dysfunction Supportive (see Section 5.6.C)

Heavy metal contamination 
with lead, arsenic, thallium or 
uranium 

Gastrointestinal disorders, hepatitis, polyarthritis, encephalopathy 
(including ataxia and severe psychiatric disturbances)

(see Section 7.4)

 O Clean any areas that are visibly affected with a topical 
application of sterile water, and apply a non- adhesive 
dressing if necessary.

 O If available, laboratory investigations can be helpful for 
identifying organ systems that may be affected by a 
toxic traditional medicine. Take blood for a biochemical 
profi le (urea and electrolytes, liver function tests, amyl-
ase and glucose) and a full blood count with indices. If 
there is any signifi cant abnormality, refer the patient to 
the relevant specialist team.

 O Symptoms and signs such as convulsions should be 
treated with diazepam injection, hypoglycaemia should 
be corrected with glucose infusion, and fl uid and electro-
lyte disturbances should be corrected with appropriate 
oral administration or intravenous infusion.

 O Appropriate antibiotics should be administered to 
patients with infective conditions.

Conclusion
Traditional medicine continues to represent a very large 
component of community healthcare, especially in 
resource- limited regions. Efforts to make traditional medi-
cine safer are urgently required, and might include offi cial 
regulation to monitor the activities of traditional practitioners, 
standardise their practices and undertake toxicity stud-
ies on their products, in collaboration with scientists and 
recognised institutions. However, this will also require the 
traditional healers to be willing to work with such control 
of their practice, which could be a problem if the healers 
see this as an attempt to limit their practice, or to steal their 
secrets and remedies.
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1.22 Emergency equipment and drugs for obstetric 
and paediatric care

Introduction
Wherever healthcare is offered, people who consider that 
they need emergency care will arrive unexpectedly. All 
healthcare facilities should be prepared to receive and treat 
such patients as quickly, effectively and compassionately 
as possible.

Preparation, training and practice are the keys to 
success in emergency care.

Preparation involves considering and having available 
the necessary equipment and drugs for all of the possible 
pathologies requiring emergency care that are likely to 
present to the facility. 

Training involves ensuring that healthcare workers 
in the emergency area have been trained to assess life- 
threatening and urgent care needs and to respond to these 
in a recognised and structured way so that no essential 
steps are omitted.

Practice involves the emergency team rehearsing their 
response to emergencies together so that they become 
competent when presented with real situations. 

Hospitals should have a dedicated ‘Emergency Room’ 
where patients of all ages and with all conditions can present. 
However, patients will often attend the ward where they 
have previously been seen, and of course emergencies can 
arise within any ward, especially if that ward is understaffed. 

Therefore it is vital that every ward, as well as the 
emergency room, is prepared with the drugs and equip-
ment necessary to respond successfully to any emergency 
in that area. 

This section describes the drugs and equipment nec-
essary to treat emergencies in women and girls during 
pregnancy, labour and the postpartum period, as well as 
in infants and children. 

The emergency room should be staffed at all times. The 
number of staff will depend on the size of the facility and 
the expected number of patients. In a large city hospital 
where hundreds of patients attend every day, there may be 
10 to 20 nurses and 6 to 8 doctors on duty at any one time. 
However, in a small peripheral clinic, with only one or two 
inpatient wards and three or four labour- room beds, there 
may not be enough staff for one of them to spend all of his 
or her time awaiting an emergency. In that case, a simple 
and reliable means of calling for assistance must be put 
in place for emergency cases arriving at the facility. Again, 
preparation is key, and the immediate availability of the 
necessary emergency equipment and drugs, together with 
a trained and practised healthcare worker, is paramount.

Training in the structured approach to recognition 
and treatment of life- threatening illness and injury should 
be available to all healthcare workers who may be called 
upon to treat emergency patients. There are a number 
of training programmes available, including the World 
Health Organization’s Integrated Management of Neonatal 
and Childhood Illnesses (IMNCI), the Emergency Triage 
Assessment and Treatment (ETAT) course, the Emergency 
Maternal and Neonatal Health (ESS- EMNH) and Emergency 

Child and Trauma Health (ESS- ECTH) courses of Maternal 
Childhealth Advocacy International (mcai.org.uk), and the 
Advanced Life Support Group (ALSG) courses (alsg.org).

Wherever there are unexpected emergencies, decisions 
have to be made about which patient is the most urgent 
one. Emergency healthcare is not offered on a ‘fi rst come, 
fi rst served’ basis. Those with the greatest need are treated 
fi rst. This sorting system is called triage (for a detailed 
explanation, see Section 1.10).

Throughout this textbook, details of diagnoses and 
treatments, including practical procedures, for improving 
the care of patients with emergency healthcare needs can 
be found. In this section we now list the emergency equip-
ment and drugs that are essential for providing this care. 

Resuscitation equipment for the 
emergency room
Airway and breathing

 O Suction apparatus:
 — wall, electrical or manual suction
 — Yankauer (adult and paediatric) and soft suction 
catheters

 — a manual suction device, for use by midwives.
 O Face masks – adult, child, infant non re-breathing with 

reservoir bags (for delivering 100% oxygen).
 O Self- infl ating resuscitation bag with 500- mL (for infants 

and young children) and 1600- mL (for older children 
and adults) reservoir bags and face masks in a range of 
sizes (masks that are too large may be used inverted).

 O Nasal cannulae for prolonged lower level oxygen delivery.
 O Airway devices:

 — oropharyngeal airways in a range of sizes (000, 00, 
0, 1, 2 and 3)

 — endotracheal tubes in a range of sizes (2.5–7.5 mm), 
and connectors.* 

 O Laryngeal masks (e.g. I- Gel Size 1, 1.5, 2, 2.5, 3 and 4).
 O Laryngoscopes:*

 — adult curved and paediatric straight- bladed
 — spare bulbs and batteries.

 O Magill’s forceps.*
 O Cannulae for cricothyroidotomy.*

Circulatory access and bleeding control
 O Peripheral vascular cannulae in a range of sizes (18–25G).
 O Intraosseous needles (16–18G) or EZ- IO drill with adult 

and paediatric needles.
 O Sterile catheters 4, 5, 6.5, 8 Fr gauge 40 90 cm long (for 

suction, feeding, etc.) for umbilical access (for newborn), 
umbilical vessel dilator, and artery forceps.

 O Central venous catheters.* 
 O Syringes, including a 50- mL syringe for fl uid boluses, 

plus a three- way tap.
 O Intravenous giving sets and graduated burettes.
 O Condom catheter (see Section 2.5.D.iv).
 O Cut- down instruments, scalpel and forceps.
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*These items are to be used only if facilities exist for intuba-
tion and assisted ventilation (e.g. on a high- dependency or 
intensive- care unit).

Trauma
 O Hard cervical collars (adult short and regular, paediatric) 

and sandbags/foam blocks.
 O Peripheral vascular cannulae, (18–25G) three-way taps 

and syringes.
 O Scalpels, sutures, needle holders and scissors.
 O Splints.
 O Chest drains in a range of sizes (12, 18, 20, 22, 28, 

32 Ch).
 O Dissecting forceps.
 O Underwater drainage system, or fl ap valves.
 O Nasogastric tubes in a range of sizes (4, 5, 6.5, 8, 10 Fr).

Drugs, fl uids, etc.
 O Oxygen supply.
 O Ringer- lactate or Hartmann’s solution or 0.9% saline, 

vials and bags or bottles.
 O Colloid (e.g. 4.5% albumin, gelatine, hetastarch).
 O Adrenaline, 100 micrograms/mL (1 in 10 000) and 1 mg/

mL (1 in 1000).
 O Amiodarone, 30 mg/mL.
 O Glucose, 10%, 25% and 50%.
 O Water for injection.
 O Normal saline for injection.
 O Mannitol, 20% and/or saline, 2.7% (or 3%).
 O Diazepam, rectal solution.
 O Lorazepam, diazepam or midazolam (can be used as 

buccal or IV treatment).
 O Phenytoin.
 O Phenobarbitone.
 O Atropine.
 O Sodium bicarbonate.
 O Calcium chloride.
 O Magnesium sulphate.

 O Broad- spectrum antibiotic (e.g. cefotaxime, ceftriaxone, 
gentamicin).

 O Penicillins: penicillin G, amoxicillin, fl ucloxacillin. 
 O Metronidazole.
 O Hydralazine.
 O Misoprostol.
 O Quinine.
 O Morphine/diamorphine.
 O Naloxone.
 O Insulin.
 O Local anaesthetic (e.g. lignocaine) and general (e.g. 

ketamine) anaesthetic agents.*
 O Paralysing agents.*
 O Skin cleansing solution (e.g. chlorhexidine, alcohol, 

iodine).
 O Vaginal antiseptic lotion (Hibitane).
 O Steroids (prednisolone, hydrocortisone).
 O Salbutamol nebules, inhaler and IV solution.
 O Aminophylline.
 O Furosemide.

Monitoring and other equipment
 O Pulse oximeters.
 O ECG monitors including one with with defi brillator with 

paediatric pads or an automatic external defi brillator 
(AED).

 O Sphygmomanometer or blood pressure oscillometer.
 O Thermometers (including low- reading thermometer).
 O Nebuliser.
 O Large- volume spacers.
 O Blood/urine glucose testing kits.
 O Urine protein testing sticks.
 O Urinary catheters (silicon, rubber or soft feeding tubes) 

of various sizes (12–30 Fr). 

*These items are to be used only if facilities and skills exist 
for intubation and assisted ventilation. 

1 .23 Grief and loss in societies affected by confl ict 
and disaster

Introduction
Why do we grieve? Wouldn’t life be much simpler if we 
did not experience all those painful emotions that occur 
when someone we love dies? Perhaps so – no weeping 
and wailing, no stoical silence, no anger and irritation, no 
smiling and carrying on as usual, no sudden fl ood of pain 
and memories to overwhelm and paralyse us, no rush of 
tears when we hear a familiar tune. That sounds much 
easier. The trouble is that grief is actually the price tag on 
another emotional experience, without which human life 
would be quite unbearable. We grieve because we love. 
Love is the essential emotion that keeps us connected and 
attached to family and friends and allows us to survive as 
rather puny animals in a hostile world. If we did not love we 

could not suffer loss, but neither could we survive in selfi sh 
isolation.

This section provides a brief introduction to understand-
ing grief and loss in families living in societies affected by 
disaster and confl ict, and offers some guidance on how 
to support these families. It will address the following 
questions:

 O What is the impact of loss on individuals and groups in 
confl ict and disaster settings?

 O What is grief and how is it related to attachment?
 O Is grief an illness?
 O How does grief affect our health?
 O When is grief abnormal?
 O What is mourning and why does it matter?
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 O What happens when large numbers of people die at 
one time?

 O How do we distinguish between the effects of traumatic 
events and the effects of loss? 

 O What is cultural bereavement?
 O What are the effects of grief in childhood?
 O What can we do to help grieving families and children?

In a society affected by confl ict or disaster, most children 
will be seen in the company of their surviving adult relatives, 
whose own mental state will have a profound effect on the 
child. The family doctor must therefore be responsive to, 
and able to assess and support, the whole family. For this 
reason, this section looks at grief in both adults and children, 
and it outlines a general approach to supporting families 
and children. However, it does not give detailed manage-
ment advice on the wide variety of specifi c symptomatic 
problems that can occur in grief (e.g. bedwetting, sleep 
disturbance), as there are a number of excellent manuals 
available on this topic.1

What is the impact of loss on 
individuals and groups in confl ict and 
disaster settings?
The central experience for almost all of those living in com-
munities affected by confl ict or disaster is loss. Even if no 
one in your family dies, something will be lost. You may be 
injured or lose your health. Your home or your school may 
be destroyed, or the neighbourhood may be swept away. 
Your friends or work colleagues may be killed or fl ee. If you 
fl ee yourself you will lose everything that made up your 
world and kept you rooted and connected. As well as these 
external losses, you may lose aspects that are central to 
your internal sense of self, such as feelings of being safe 
and in control, and your sense of identity as, for exam-
ple, a mother, father, schoolchild, farmer or shopkeeper. 
Some of the possible losses that can be experienced are 
listed in Table 1.23.1. Their effect can be overwhelming. 
Understanding how people react to such losses, how to 
distinguish between normal and abnormal grief, and how to 
assist in appropriate mourning will be some of the key tasks 
for healthcare workers in these contexts. It is also essential 
to understand other psychological reactions, such as post- 
traumatic stress disorder (PTSD), and set them in context.

TABLE 1.23.1 Some of the losses that can be experienced by those 
exposed to confl ict, disaster, or life as a refugee

Internal losses External losses

Control Family members

Autonomy Friends

Security Home

Identity Community/country

Self- respect Work/school

Belief in the future Money and other material 
possessions

Sense of belonging Physical health

Trust Religion

The past Language

Meaning of life Familiar life

What is grief and how is it related to 
attachment?
The ability to form strong relationships with others is neces-
sary for our survival as human beings. We call this ability 
attachment. The sense of loss that we feel when a loved 
one is absent leads us to search them out. Attachment is 
the glue that keeps families and groups connected together. 
Human beings could not have survived in previous eras if 
they had not lived in groups that enabled them to feed and 
shelter themselves. Loss is the sense of sadness, fear and 
insecurity that we feel when a loved person is absent. It can 
also be felt in relation to objects and places.

In the 1950s, the World Health Organization (WHO) 
commissioned John Bowlby to observe what happened to 
small children when they were separated from their moth-
ers. In Britain in those days, if a child went to hospital for 
an operation, the parent was not allowed to remain with 
them. John Bowlby sat watching the infant to see how 
they reacted, how they adapted to the separation, and 
how they behaved when the parent returned. He defi ned a 
cycle of behaviours that can be observed in any infant who 
is separated from their mother and then reunited with her.

First there would be a period of loud and angry protest. 
The child would hope that their cries would bring their 
mother running back. When this did not happen, a period 
of despair and withdrawal followed in which the child would 
cry, not wish to engage with others, and refuse to eat or play. 
Later the child might appear to ‘adapt’. They would start to 
eat again, play with other children, make friends with the 
nurses and appear detached and indifferent to the loss of 
their mother. Indeed if the parent reappeared at this stage, 
the child’s fi rst response might be to ignore her, and then 
if they did engage with her, to be naughty and angry. Only 
after some time would the original relationship reform and 
re- engagement occur. Bowlby noted that this attachment/
separation behaviour is most visible in children between 
6 months and 3 years of age. However, these behaviours 
can reappear in any individual throughout the life cycle when 
they are faced with separation from someone they love.

Attachment behaviour is any form of behaviour that results 
in a person attaining or maintaining proximity to some 
clearly identifi ed individual who is conceived as better 
able to cope with the world. It is most obvious whenever a 
per son is frightened, fatigued or sick, and is assuaged by 
comforting and caregiving. At other times, the behaviour is 
less in evidence. Nevertheless, for a person to know that an 
attachment fi gure is available and responsive gives him a 
strong and pervasive feeling of security and so encourages 
him to value and continue the relationship. Whilst attach-
ment behaviour is at its most obvious early in childhood, 
it can be observed throughout the life cycle, especially in 
emergencies. Since it is seen in virtually all human beings 
(though in vary ing patterns), it is regarded as an integral 
part of human nature and one we share (to a varying extent) 
with members of other species. The biological function 
attributed to it is pro tection. To remain within easy access 
of a familiar individual known to be ready and willing to 
come to our aid in an emer gency is clearly a good insurance 
policy – whatever our age.

Bowlby, 19882
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Many writers have noted the similarity between a child’s 
behaviour after separation from a parent and our reactions 
to the loss of a loved person who has died. Death reac-
tivates attachment behaviour. Faced with the permanent 
loss that death represents, we may fi nd ourselves angrily 
protesting, searching and yearning, trying our best to main-
tain and hang on to the connection. Or we may experience 
periods of indifference and denial as a way of avoiding the 
pain. Many people alternate between periods of acute griev-
ing and yearning and periods of avoidance or detachment. 
In the past, some authors have argued that these feelings 
occur in stages. Elisabeth Kubler-Ross constructed a model 
of bereavement in which the individual was said to progress 
through the following periods, often cyclically:2

1 denial
2 anger
3 bargaining
4 depression
5 acceptance.

It was suggested that people could become stuck at 
different stages, and that ‘grief work’ was necessary to 
progress through all the stages to recovery. There is now 
a growing understanding of the enormous variability in our 
responses to bereavement. How people grieve and how 
they cope will depend on individual factors such as their 
temperament and personality. What were their experiences 
as a child? Were they loved and securely attached to those 
who cared for them or were they abused or insecure? This 
will affect the way that they form relationships with other 
people, and the way that they experience loss, as will their 
age, gender, and experience of previous losses. The way 
that people grieve will also depend on the nature of the 
loss and how it occurred. Was it sudden or expected? 
Was it violent, unjust, or part of a massive loss, or did it 
occur after a prolonged illness? What did the loss mean to 
the person? Were they thrust into isolation and poverty, or 
were they possibly liberated from an abusive relationship? 
In all cases, social factors such as cultural and religious 
beliefs and community and family dynamics will play a role 
in determining how grief is experienced and expressed. 
The current social situation will also infl uence this. Is the 
family in danger or in fl ight? What material resources do 
they have? Do they face legal diffi culties because of the 
loss? Is social support available or are they isolated? The 
case examples below and the vignettes in the Appendix all 
illustrate these variations.

Table 1.23.2 lists the wide variety of emotional, cogni-
tive, behavioural and physiological changes that can occur 
in response to bereavement. An individual may experience 
some, all or none of these. The reactions may occur in 
many different patterns and combinations depending on the 
factors described above. Some individuals experience few 
reactions, others more. Some people fi nd that their reac-
tions change over time or occur in varying combinations.

People may feel anger and sadness at the same time. An 
anniversary or a particular place may trigger a memory, 
which reactivates the feelings of grief again, perhaps years 
after the event, possibly interrupting a long period of accept-
ance. Some have described grief as a ‘relapsing illness’. 
Stroebe and her colleagues have created a model to show 
how many people may fl uctuate between a ‘loss orientation’ 
of yearning and sadness and a ‘restoration orientation’ of 

more avoidant states of denial and getting on with things 
(see Figure 1.23.1).

FIGURE 1.23.1 The dual process model of coping with bereavement. 
Thanks to Stroebe M, Schut H. Death Studies 1999; 23: 197–224.

Which feelings and behaviours occur, which state domi-
nates and what is regarded as normal for both children and 
adults will depend very much on how grief is expressed in 
that culture, by that family and in that individual, as well 
as on the religious values, temperament and personality 
of the individual. For example, in Bosnia it is regarded as 
appropriate for Serbian women to attend the funeral and 
to display their emotions visibly, keening and weeping. In 
Bosnia, Muslim culture values a more stoical approach 
and sees the open display of emotions as inappropriate. 
In some cultures, for example in parts of South- East Asia, 
vivid dreams may be regarded as appropriate messages 
from the dead. In western culture, dreams may be seen as 
an upsetting form of sleep disturbance. In Kosovar families 
with whom I have worked, there was often one individual 
(usually an older adolescent girl), who might cry a great 
deal, hyperventilate and faint, while the rest of the family 
remained stoical. The fainting girl might cause concern, but 
also seemed to play a role in vividly expressing grief for the 
rest of the family, whose concern for her also acted as a 
form of distraction from the loss (see Appendix, Vignette 2).

Near the end of his life, Sigmund Freud was consulted 
by a woman who had become depressed following the 
death of her husband. After listening to her, Freud quietly 
stated, ‘Madam, you do not have a neurosis, you have a 
misfortune.’

Is grief an illness?
Acute grief may be painful and feel like an illness, but it 
should be understood, in all its variety, as a normal reaction 
to loss. Some combinations of reactions do appear to mimic 
certain acute mental illnesses. For example, loss of appetite 
combined with sleep disturbance, sadness, ruminations 
and various somatic complaints appears similar to clinical 
depression. However, that diagnosis should not be made 
if someone has suffered an acute loss. Some individuals 
may adopt the behaviours of the deceased, dress in their 
clothes, act strangely or hear their voice, see them and talk 
to them. Again this should not be regarded as psychotic 
behaviour, but rather as a possible manifestation of acute 
grief. Or there may be fl ashbacks, vivid intrusive thoughts 
and dreams of the deceased, and the individual may be 
anxious and aroused, similar to those with PTSD. None of 
these reactions are necessarily pathological. 
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How does grief affect our health?
That is not to say that bereavement does not have physi-
cal and mental health consequences.4 Bereaved people 
experience more physical complaints, have more health 
consultations, use more medication and experience 
more hospitalisations than those who are not bereaved. 
Paradoxically, those who are grieving intensely actually have 
fewer health consultations than the normal population, and 
high- intensity grief is a predictor of more severe physical 
disorders 1 year later. Perhaps this is because early warning 
signs are missed. Regarding the impact of bereavement 
on mental health, the majority of people recover but there 
is a greater vulnerability to depression, anxiety and PTSD.
Bereavement is associated with increased mortality from 
many causes. People who have suffered a recent bereave-
ment are more likely to die of alcohol- related disorders, 
coronary artery disease, unnatural deaths and suicide. It 
is thought that this additional risk may be due to a number 
of factors, including loneliness, changes in social circum-
stances, a reduction in material resources, and lack of 
care. The mortality risk is higher in the earliest months and 
in specifi c groups, namely mothers who have lost a child 
and widowers. Therefore there is some basis for the saying 
that you can die of a ‘broken heart’.

When is grief abnormal?
The decision as to what is abnormal and inappropriate grief 
will depend on an understanding of the individual, the family, 
the culture and the wider context. You cannot decide what 
is abnormal without this cultural and personal knowledge. 
The community and family may be able to tell when they 
feel that the grief is too intense, too long or unusual in its 
manifestations. The new diagnostic formulations,5 DSM- V 
and ICD- 11, that psychiatrists are using to categorise men-
tal disorders are considering formulations for prolonged or 
complicated grief. For example, the suggested defi nition of 
prolonged grief disorder in ICD- 11 is as follows: 

‘Prolonged grief disorder is a disturbance in which, 
following the death of a person close to the bereaved, 
there is persistent and pervasive yearning or longing 

for the deceased, or a persistent preoccupation with 
the deceased that extends beyond 6 months after the 
loss and that is suffi ciently severe to cause signifi cant 
impairment in the person’s functioning. The response 
can also be characterised by diffi culty accepting the 
death, feeling one has lost a part of one’s self, anger 
about the loss, guilt, or diffi culty in engaging with social 
or other activities. The persistent grief response goes 
far beyond expected social or cultural norms, and 
depends on cultural and contextual factors.’

What is mourning and why does it 
matter?
Mourning refers to the culturally appropriate processes 
that help people to pass through grief. All societies and 
cultures mourn, but they do so in different ways. Mourning 
processes usually include acknowledgement and accept-
ance of the death, saying farewell, time periods for grieving, 
processes for continuing to focus attention on the dead, 
and processes for moving beyond the loss and forming 
new attachments. It might be helpful to take a moment to 
jot down on a sheet of paper the ways in which you mourn 
the dead in your own culture. Try to answer the following 
questions: 

 O How do other people know that someone has died or 
that you are bereaved?

 O What happens at a funeral?
 O What are the burial customs?
 O What happens to the body?
 O Who visits the bereaved?
 O What are the different roles, if any, for men and women?
 O What do younger and older children do?
 O Are there different ceremonies at different time periods 

after the death to mark different stages of mourning?
 O What ways do you use to remember the dead?
 O What is the role of the dead person in continuing fam-

ily life?

Different societies have different time periods set aside for 
mourning, and different ideas about what is appropriate 

TABLE 1.23.2 Reactions to bereavement3

Affective Cognitive Behavioural Physiological- somatic

Depression, despair, dejection, 
distress

Anxiety, fear, dread

Guilt, self- blame, 
self- accusation

Anger, hostility, irritability

Anhedonia (loss of pleasure)

Loneliness

Yearning, longing, pining

Shock, numbness

No reaction

Preoccupation with thoughts 
of the deceased, intrusive 
ruminations

Vivid memories

Sense of the presence of the 
deceased

Lowered self- esteem, 
self- reproach

Helplessness, hopelessness, 
pessimism about the future

Suicidal ideation

Sense of unreality

Memory and concentration 
diffi culties

Suppression, avoidance, 
disbelief

Fantasies

Agitation, tenseness, 
restlessness

Fatigue, apathy

Overactivity

Searching

Weeping, sobbing, crying

Social withdrawal

Normal behaviour and 
continuation of normal 
activities

In children
Acting out 

Regressive behaviour

School diffi culties

Rapid maturing

Loss of appetite

Sleep disturbances

Energy loss, exhaustion

Somatic complaints

Physical complaints similar to 
those of the deceased

Endocrine and immunological 
changes
Susceptibility to illness, 
disease, mortality
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behaviour for different family members. They may also 
have different views on the appropriate role of children in 
these rituals. Sometimes families may be in confl ict over 
what is appropriate to communicate to children and what is 
the appropriate way to mourn. This is particularly the case 
in societies that are in a state of upheaval (see Appendix, 
Vignette 1).

What happens in situations of massive loss?
Confl ict, disaster and displacement disrupt the possibility 
of appropriate mourning. There may be uncertainty about 
missing relatives. The body may have been lost, abandoned, 
treated inappropriately, or buried in a mass grave. During 
fl ight it is impossible to carry out the normal mourning rituals. 
Other processes also occur in large- scale upheavals. For 
example, in Aceh, Indonesia, after the 2004 Tsunami, people 
found themselves living in a landscape that had been swept 
completely clean by the Wave, where every familiar marker 
had disappeared along with their communities, families and 
livelihoods. There were no bodies and no places to go to 
remember the dead. In Haiti, after the earthquake, people 
camped out among crushed houses that entombed their 
families. Massive losses that affect whole communities may 
remove entire social networks of support. Moreover, even 
in functioning communities, they have the effect of depriv-
ing each individual of the normal support that they would 
have received if their loss had been a singular occurrence. 
Because everyone is affected, few are in the position to 
play the role of visitor and comforter. There is no one to 
come round, help the bereaved widow with the childcare 
and household tasks, arrange the funeral and cook a meal, 
because everyone who survived is in the same situation. 
Everyone struggles alone. And the bereaved may become 
more reticent than usual about their own feelings, not wishing 
to burden similarly affected neighbours. At the same time, 
the pain of the loss is amplifi ed by the knowledge that the 
bereaved person’s loss is one of many in a community. The 
outside world is focused on the scale of the event: ‘300 000 
dead’, ‘half a million killed’. Lost within these fi gures, the 
individual bereavement becomes insignifi cant, just one of 
many thousands, adding to the pain of the survivor.

CASE EXAMPLE: Giving signifi cance to loss
In early 2005 I was working on the East Coast of Sri Lanka 
after the tsunami. On one occasion, when I was walking 
along a completely deserted, devastated street, a man came 
running up to me. I was holding my camera and assumed 
I might have offended him by taking pictures. ‘No, no,’ he 
said, ‘please take a picture of this house.’ I looked at the 
gutted empty building and did as he requested, then turned 
back. He was near to tears. ‘My mother died here,’ he said. 
So we sat on the ground and he talked for some time about 
his mother. I suddenly realised that for this man I was 
more than just a sympathetic ear, I was the outside world 
witnessing and memorialising his individual loss. Not just 
10 000 dead, but his mother. I was making her signifi cant.

Traumatic experiences, grief and mourning
Traumatic experiences can interfere with mourning. 
Avoidance that may be protective in helping the bereaved 
to cope with the memories of a traumatic event may make it 
diffi cult for them to mourn their loss because the memories 

of the lost person are always accompanied by painful mem-
ories of the circumstances of the loss, so ‘remembering’ is 
too painful. In such circumstances, the traumatic symptoms 
may need treatment before the bereaved person is able 
to mourn. Table 1.23.3 lists the differences in emotional, 
cognitive and behavioural reactions that may occur.

Cultural bereavement 
The Australian anthropologist and child psychiatrist Maurice 
Eisenbruch has pulled some of these experiences together 
in the term ‘cultural bereavement’ to describe the massive 
losses experienced by refugees and all those displaced 
by war:

‘Cultural bereavement is the experience of the 
uprooted person – or group – resulting from loss 
of social structures, cultural values and self- identity: 
the person – or group – continues to live in the past, 
is visited by supernatural forces from the past while 
asleep or awake, suffers feelings of guilt over aban-
doning culture or homeland, feels pain if memories 
of the past begin to fade, but fi nds constant images 
of the past (including traumatic images) intruding into 
daily life, yearns to complete obligations to the dead 
and feels stricken by anxieties, morbid thoughts and 
anger that mar the ability to get on with daily life. It is 
not in itself a disease but an understandable response 
to catastrophic loss of social structure and culture.’7

In his work with Cambodian adolescents, Eisenbruch found 
that those refugee children who had been encouraged to 
assimilate rapidly into a new culture suffered more cultural 
bereavement than those who were encouraged to partici-
pate in traditional ceremonies and cultural practices. He 
believes that the concept allows for a more integrated and 
culturally sensitive approach to the experience of loss than 
attempting to classify any disabling symptoms only in terms 
of pathological categories according to western diagnostic 
criteria such as PTSD or traumatic bereavement. Disabling 
symptoms may be best addressed by a combination of 
restoring appropriate cultural practices and, if necessary, 
symptomatic relief.

Grief in childhood 
The following are some frequently asked questions 
about children who have suffered a bereavement:

 O Do children grieve?
 O Are they too young to understand?
 O Should we protect them from unpleasantness and 

distress?
 O Will loss in childhood cause later mental illness?

Children’s understanding of and reactions to 
death 
Children’s reactions to death are as variable as those of 
adults, and any or all of the reactions listed in Table 1.23.2 
may occur. The most important point to note is that their 
understanding of death changes according to their develop-
ment and life experiences. The following notes are based 
on western experience, and should be taken as a guide 
only. Working with victims of confl ict and disaster in many 
low- resource settings has taught me that in many socie-
ties, particularly rural ones, children understand death at 
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an earlier age. In other respects the categorisation below 
holds true. 

Children under 5 years
There is little understanding that death is fi nal. For example, 
a 4- year- old child in England, having helped to formally 
bury his dead pet rabbit in the garden, asked if he could 
now dig it up so that he could have the rabbit back again. 
Magical thinking results in misconceptions about cause and 
effect. An egocentric view of the world can lead to feelings 
of responsibility (e.g. ‘Mummy won’t come back because 
I was naughty’). Reactions are similar to those following 
any separation – the longer the absence, the greater the 
distress. The death may be followed by detachment, so that 
the surviving family may think the child does not care about 
the loss. Regressive behaviour, soiling, bed wetting, clingy 
behaviour, sleeplessness and minor illnesses can all occur.

Children over 5 years
Children begin to understand that death is irreversible, that 
certain physical changes occur, and that there is permanent 
separation. They may still not regard it as something that 
can affect them. They may continue to have some magi-
cal, concrete and egocentric thinking. At this age, children 
more commonly use concepts of good and bad, they are 
curious about cause and effect, and are able to articulate 
concern for others.

There is a desire to stay connected to the dead parent. 
Many children dream about and talk with the dead parent 
frequently, feel that the dead parent is watching them, and 
keep physical objects associated with them. One study 
found that 43% of children in a large community sample 
thought about their dead parent on a daily basis 1 year after 
the death.8 The reactions were variable. Boys were already 
learning to suppress their feelings, 91% of the children in 
the same study cried on the fi rst day, and 50% had tran-
sient emotional and behavioural problems. Concentration 
and school work are also affected, and repetitive play is 
very common.

Children from 10 years to adolescence
There is a growing understanding of abstract concepts 
– for example, that death is universal and inevitable and 
can affect the child or adolescent personally. There is a 
growing concern with justice and injustice, and an aware-
ness of inconsistencies. The confl ict between the desire 
for autonomy and the need for closeness can be resolved 
by ‘indifference and detachment’, or by identifi cation and 
nostalgia. In a group for adolescent refugee boys who had 
been ‘ethnically cleansed’ from Northern Bosnia (all of them 
had lost their homes, and some had also lost their family), all 
of the boys spoke passionately and with great longing about 
their home towns, describing them as the ‘most beautiful 
place to live’.9 Revenge fantasies are not unusual. There are 
fewer somatic and behavioural problems, and a depressed 
mood is common. Poor concentration and lack of interest 
occur at school. The oldest child in the family who has lost 
a same- sex parent is at greatest risk.

CASE EXAMPLE: The surviving brother
G is a 13- year- old boy. During a long and brutal war his 
older brother was killed on the front line. G had always been 
very close to his brother. Three years later he continued 
to think about him on a daily basis. He visited the grave 
frequently and watched the video of the funeral once a 
week. He did not like to sleep alone, and he felt sad much 
of the time, although he was doing well at school. He talked 
about his brother a great deal. He wanted to be as much 
like his brother as possible, whom he believed was one of 
the bravest and most incorruptible people. He was angry 
about the peace agreement. He felt that it was unjust and 
made a mockery of the aims for which his brother fought.

As in adults, the reactions of children to bereavement are 
enormously variable. Age, personality, culture and family 
values, and especially the way the parents or surviving 
caregivers react, will all affect the expression of grief. 

TABLE 1.23.3 Distinguishing between the effects of traumatic events and loss6 

Reactions to loss Reactions to traumatic event

Separation anxiety Anxiety about threat presented by traumatic event

Sadness more than anxiety Anxiety more than sadness

Yearning and preoccupation with loss Fearful, anxious and preoccupied with traumatic event

Sense of security intact Personal sense of safety challenged

Primary relationships disrupted Primary relationships intact

Intrusive memories are images and thoughts of the deceased Intrusive memories of traumatic event plus re- experiencing 
accompanying emotions

Memories are positive and comforting Uncontrollable intrusions are negative and distressing

Dream of the dead person is comforting Nightmares of event are terrifying

Seeking out reminders of the loved one Hypervigilant, scanning environment for threat

Avoidance of reminders of the absence of the loved one (denial) Avoidance of reminders of threat

Anger at loss Irritable, diffuse, unfocused anger and rage

Guilt about not doing enough Guilt about surviving

Mourning as a tribute to the dead person

Sleep EEG is normal Increased REM sleep intensity

Coping involves reconstructing life without the loved one Coping involves re- establishing a sense of safety

Recovery: Resolves attachment issues Recovery: Habituates to fearful responses
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Children within one family exposed to the same losses may 
all handle grief in different ways (see ‘Case example: When 
to tell the story’, p. 118). And the experience of grief may 
wax and wane. When discussing grief feelings with children, 
I sometimes use the image of a wave. (This is obviously 
inappropriate with children who have either never seen the 
sea or who have experienced the Tsunami.) I ask them to 
imagine that they are standing at the edge of the sea and 
that a big wave comes along and knocks them over. They 
feel terrible, but manage to struggle to their feet. Then 
there is a period of calm water before the next wave. This 
time they are more prepared, so that when the next wave 
comes it does not knock them over. What will happen over 
time is that, although the waves never go away completely, 
the periods of calm sea will grow longer, the waves will get 
smaller and the child will grow stronger (see Figure 1.23.2).

FIGURE 1.23.2 Waves of grief. The time intervals between waves 
get longer, and the waves get smaller.

Long- term effects
Many people worry that if children experience the loss of 
someone signifi cant early in life this will have long- term 
effects on their mental health. Research evidence suggests 
that children who suffer an early bereavement do have a 
higher incidence of psychiatric disorder in later childhood, 
and that adults who lost a parent in childhood are more vul-
nerable to psychiatric disorder than the general population, 
and are particularly vulnerable to depression and anxiety 
precipitated by further losses.

Research has shown that the following life events are 
most likely to be associated with later mental illness:

 O those that require people to undertake a major revision 
of assumptions about the world

 O those that are lasting in their implications
 O those that take place over a short period of time without 

preparation.

A traumatic death can have all of these features. However, 
there are signifi cant factors that can modify the impact of 
a bereavement. The child’s long- term mental health also 
depends on the following:

 O the response of the surviving parent or relatives
 O the availability of other support 
 O subsequent life circumstances 
 O the degree of continuity in the child’s life 
 O how the loss is viewed by others 
 O what resources are available.

This list provides an immediate guide to what needs to be 
done to enhance a child’s resilience and coping in the face 
of loss. The ‘Case example: Different girls’ from Pakistan 
illustrates how important these aspects are and what a great 
difference the behaviour of the surviving relatives can make.

CASE EXAMPLE: Different girls
After the Pakistan Earthquake in December 2005, I worked 
with children who had lost their parents. Contrast the 
experiences of two young teenage girls from the same 
rural Islamic society, affected by the same terrible event, 
but living in somewhat different settings with quite different 
responses from those caring for them. Shamsa was 14 and 
living with her aunt and uncle and her six younger brothers 
and sisters in one tent in a displaced persons camp near the 
town of Balakot. Her village had been completely destroyed 
and her mother and father had been killed. Shamsa acted 
as mother to her siblings and helped her aunt to care for 
her cousins. The aunt and uncle had told the children ‘Your 
mother is in the village and will come soon.’ Shamsa and her 
smaller sisters looked ill- kempt and neglected. They cried 
constantly, which suggested that the comforting lie was 
not working. They knew that their house had been turned 
to rubble, so where was their mother now? When I asked 
Shamsa what she thought, she told me in a whisper that her 
mother was dead. The aunt and uncle gave me permission to 
explain to all the children what had actually happened. Their 
calm reaction suggested that I was confi rming something 
they already knew. Shamsa also told me she would like to 
get out of the tent. As she was the oldest girl, she carried 
the burden of household tasks and childcare, and her aunt 
was very reluctant to let her go to the camp school or 
any of the other activities arranged for children. However, 
she let the younger ones go and the improvement in their 
mood was very apparent. Shamsa continued to weep and 
grieve. Finally, when the aunt herself became involved in a 
livelihood programme with other camp women, she gave 
Shamsa permission to go to school. This had the immediate 
effect of alleviating some of Shamsa’s sadness. In contrast, 
12- year- old Sadia still lived in her village higher up in the 
mountains above the town. She too had lost her mother 
when their house was destroyed. She moved in with her 
grandmother but stayed in her village. When I met her she 
was laughing and playing with the other village children. 
She had just had her hands hennaed in beautiful fl ower 
patterns. She had been told that her mother was dead and 
said she still felt very sad. But she liked living with her 
grandmother and she did not cry all the time. When playing 
with the other village children she was able to be happy, and 
she had many relatives and friends who cared about her.

NOTE: names changed for reasons of confi dentiality

How do we assist grieving families?
TABLE 1.23.4 Key actions to support grieving families

 O Attend to their basic needs

 O Access resources

 O Assist mourning in a culturally appropriate manner

 O Answer questions and provide information

 O Accompany them

 O Be available

 O Focus attention on their individual loss: give it signifi cance

 O Altruism opportunities

 O Avoidance as required

 O Advice as needed
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Not all grieving families require a health worker’s interven-
tion. But in situations of confl ict, disaster and displacement 
the natural sources of social support are absent for the rea-
sons listed above. In this case, the healthcare worker is the 
supportive community if unaffected him-  or herself. Some 
key activities are listed in Table 1.23.4. Your role may be to 
accompany and support the bereaved as any neighbour 
might do in normal times. Obviously if a family lacks basic 
resources or is not safe, helping to address these basic 
needs is a priority. Help may be needed to trace missing 
bodies or identify them. Outsiders may have a signifi cant 
role to play simply by encouraging and taking part in the 
normal processes of mourning. This may involve assisting 
an individual to organise a funeral, or it may involve helping 
a community. Vignette 3 provides an illustration of how one 
non- governmental organisation (NGO) assisted mourning 
in a disaster- affected community. If any individual has such 
severe symptoms of distress that they cannot function or 
carry out necessary tasks, providing symptomatic relief 
will help.

Regarding discussion of the loss, you should follow the 
lead of the bereaved. This usually means being available 
and able to listen without forcing them to talk. There is no 
evidence that ‘grief work’ (i.e. the experiencing, confront-
ing and working through of negative emotions) is helpful, 
and there is some evidence that it may have long- term 
negative consequences. Contrary to some popular western 
stereotypes, positive emotions in the early period after loss 
are indicative of good outcomes, not pathology. Individuals 
who choose the more avoidant orientation (see Figure 
1.23.1) are not in harmful denial, and this does not have 
to be challenged.10

On the other hand, it is not necessary to ‘break down’ 
continuing attachment to the deceased. Good memories 
assist mourning and give pleasure and comfort. This con-
nection may be maintained throughout a bereaved person’s 
life without pathological effect. Depending on the culture, 
it may involve regular visits to the grave, talking actively or 
praying to the dead, frequent dreams or visions. Indeed, 
ritualised celebrations of connection with the dead in some 
societies actually strengthen living family bonds as they 
bring families together.11,12 A continuing connection should 
only cause concern if continuing yearning, searching and 
longing cause misery and dysfunction, dominate life in the 
long term and prevent the bereaved from forming any new 
attachments. 

If the loss has occurred as a result of some form of 
political injustice or abuse, unresolved issues of reparation 
and justice may prolong grief and make mourning diffi cult. 
Helping the victims to access justice may be another part 
of your role (see ‘Case example: When to tell the story’ 
on p. 118).

How do we help grieving children?
Many families present to healthcare workers because 
they have concerns about the long- term impact of 
events on the child, and want advice on how to talk 
about such abnormal events with their children. The 
healthcare worker’s role should be to facilitate the 
process of normal grieving, and to help to sustain and 
support the protective aspects mentioned in this sec-
tion. While treating pathology where it is evident, you 
should take care to avoid pathologising where it is not. 

A particularly important role may be to facilitate clear 
communication between family members. As some of 
the case studies and vignettes in this section illustrate, 
many families are concerned that telling the child what 
happened will cause unnecessary distress, and that as 
the child is ‘too young to understand’, it is better to lie 
or avoid the subject when it comes up. Children are 
very protective of surviving parents, and are quick to 
sense when a question is causing distress. They may 
avoid asking for information because the questions 
make their parent cry. False information leads to con-
fusion and a lack of trust. The following case example 
illustrates this.

CASE EXAMPLE: Telling the truth
The father of this family was a member of a ‘Liberation 
Army’, and was killed in the fighting. His 32- year- old 
wife had two surviving children aged 8 and 9 years, and 
continued to live with her husband’s relatives. She told the 
children that their father was working in another country. 
The children would frequently ask her why he did not phone 
and if he would bring them presents. They were confused 
because other children in the village told them their father 
was dead. When they questioned their mother she would 
start to cry, so they became nervous about asking her. 
The mother and her brother- in- law asked for advice about 
what to do, and accepted my suggestion that they should 
sit with the children and explain in simple terms what had 
happened, answering all the children’s questions as they 
came up, and sharing the experience of grief. The mother 
told me that the relief of not having to lie to the children 
had slightly eased her own distress and made it easier to 
respond to them. Moreover, rather than being bewildered 
by their father’s silent absence, the children now talked 
about him in the village with pride.

The following is a list of pointers specifi cally for supporting 
grieving children:
 1 Provide consistent, enduring, appropriate care.

 O Reunite children with their families or extended fami-
lies as soon as possible.

 O In the absence of family, create enduring family- type 
networks with a low ratio of caretaker to children. 

 O Consistent caregiving by one or two caregivers, not 
a number of different volunteers (however well inten-
tioned), is essential to prevent attachment problems, 
particularly in younger children.

 2 The more continuity that there is with the child’s 
previous life the better. Children may wish to avoid 
traumatic reminders, especially at the outset, but 
removing them completely from a familiar environment 
will cause more pain and problems in the long term. 

 3 Support the carers by attending to their basic needs 
and their own mental states. Help them to access the 
appropriate agencies to solve the practical problems 
that they will encounter. Attention to basic needs is 
essential. Engaging in the process of rebuilding their 
lives helps families to come to terms with their losses 
(see Appendix, Vignette 1). 

 4 Facilitate normal grieving and mourning with 
memorials for absent bodies, and appropriate religious 
ceremonies.
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 5 Don’t hide the truth.
 O Children need clear, honest, consistent explanations 

appropriate to their level of development.
 O They need to accept the reality of the loss, not be 

protected from it.
 O Magical thinking should be explored and corrected. 

What is imagined may be worse than reality, and 
children may be blaming themselves for events 
beyond their control.

 6 Grief work and debriefi ng may not be therapeutic 
or appropriate. The insistence on getting a child to 
‘debrief’ or tell the story of their loss may not be thera-
peutic or appropriate. Not all cultures put as high a 
value on the ventilation of individual feelings as western 
culture does. The therapist’s goal should be to encour-
age a supportive atmosphere for the children, where 
open communication is possible, diffi cult questions are 
answered, and distressing feelings are tolerated. This 
means that the child will be free to express their grief 
in the manner that they fi nd appropriate to the person 
they most trust, and at a time of their own choosing.

 7 Provide symptomatic relief. Help the family to cope 
with traumatic symptoms such as bedwetting, night-
mares and regressive behaviour, if they occur. Give 
the parents information about what to expect and 
straightforward management advice.

 8 Restart normal educational and play activities as 
soon as possible.

 9 Help the child to maintain connection with the 
lost parent. Encourage the surviving parent to allow 
the child to choose a memento to keep, to give them 
access to photographs, or to let the child draw a pic-
ture, make objects, or create a memory box. Answer 
the child’s questions about the dead parent.

 10 The question of justice will be important for families in 
situations of political violence. Many will state that they 
cannot come to terms with their losses while the fate 
of loved ones is unknown, bodies remain unidentifi ed, 
or perpetrators are still at large. These issues will affect 
the children, and older children may bring them up 
spontaneously and wish to discuss them. Healthcare 
workers may be asked for their own views. Stating 
a willingness to learn and understand, along with an 
acknowledgement of one’s own biases and subjectivity, 
is the most helpful position. Political and cultural literacy 
are essential. The family should be put in touch with 
the appropriate human rights or justice agencies if they 
wish to give formal evidence, so that the therapeutic 
and confi dential nature of your own work remains clear 
and the family are not confused about the purpose of 
the interview. Giving testimony to such agencies should 
always be at their own request. In this case it may prove 
therapeutic (see ‘Case example: When to tell the story’, 
below).

CASE EXAMPLE: When to tell the story
The family consisted of three surviving children (two girls 
and a boy) who had witnessed the death of their mother 
and aunt and 15 other members of their extended family. 
They had been physically injured in the attack and spent 
some time in hospital. At our fi rst meeting, 4 months after 
the event, two of the children did not believe their mother 
was dead. They hoped she had survived as they had. We 

sat together with the children’s father, who told them gently 
that he thought that in all probability she was dead. The 
children cried and we did not discuss it further that day. 
The following week the bodies had been identifi ed, funeral 
notices posted and the funeral arranged. The family had 
returned to the house where the massacre had occurred and 
appeared to be functioning well. The boy had no symptoms, 
although the younger girl was sad and quiet. When asked if 
they wanted to talk about what happened, she said no. Her 
brother said that he had already talked with journalists and 
did not feel a need to go over it again. The older girl (aged 
14 years) had some intrusive thoughts and memories, and 
poor sleep and appetite. She wanted to walk me around 
the site and retell the events in detail. 

The other children did not wish to join in. During the walk 
the older girl told me that she now knew her mother was 
dead. All the children then wanted to show me all their old 
photographs, and they participated in identifying their dead 
relatives and telling me stories about their life before the 
war. After the funeral (which only the older girl attended, at 
her own request) the children appeared more cheerful, and 
all of them were looking forward to school. The surviving 
family provided an extremely loving and supportive network, 
and although the father was extremely sad, he allowed the 
children to talk about their mother whenever they wanted. 
Later the whole family was sent to another country for 
medical treatment for the children. They attended local 
schools where they learned English, and appeared to be 
adjusting well. 

One year after the events the International Criminal 
Tribunal wished to interview the family about the massacre, 
and the three children insisted that they would like to give 
their accounts. All the children made statements that were 
recorded on video, and gave similar detailed stories about 
the events surrounding the massacre. Although they found 
it distressing, they each obviously regarded it as signifi cant 
and important, and were pleased to have had the chance 
to contribute in this way. This example demonstrates that 
children in the same family will not all deal with their grief in 
the same way. If given the opportunity they will fi nd the most 
appropriate time to tell their own stories in the way that will 
give their loss signifi cance and meaning for themselves.

Appendix
The following three examples are drawn from fi eldwork in 
various confl ict and disaster situations. They illustrate the 
variability of responses and provide examples of practical 
ways to support grieving families and communities.

Vignette 1: Complex needs and confl ict in a 
grieving family
A is an 18- year- old high- school student, living in a rural 
area in the heart of a confl ict region, the second oldest of 
seven children (four girls and three boys). She wanted to 
study medicine. Her life and health were normal until the 
shelling began and her family fl ed to the forest, where they 
spent 3 months. The local police, who were of a different 
ethnic origin, found them and separated the men from the 
women and elderly men and sent the latter home. They 
got home to fi nd their village full of soldiers and police and 
themselves under siege at their home, where they were 
harassed and sometimes beaten. Meanwhile their invalid 
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pensioner father was shot in a massacre of 10 men from 
the village. He was buried while they were under siege. A 
was referred to me 1 month after this by a local doctor who 
was concerned about her mental state. When I fi rst saw her 
she was extremely sad and frightened. She was crying all 
the time, and ruminating about her father being captured. 
She found everywhere frightening, and was too afraid to 
go to sleep. When she did fall asleep, she woke early. She 
had no appetite, and a diurnal mood swing.

I fi rst assessed her at the doctor’s home, where we had 
a long talk, at her instigation, about everything that had 
happened to her. I felt that the severity of her depressive 
symptoms might necessitate use of an antidepressant, but 
delayed making a decision until I was able to assess her at 
home with her family. I visited them a week later and found 
all seven members of the family living in one restored room 
of their fi re- damaged home. To my surprise, A was a great 
deal better, her sleep and appetite having returned to normal 
over the course of the week. She informed me that she felt 
this was because she felt she had someone to talk to, and 
who ‘wanted to come and visit’. However, all the female 
members of the family were preoccupied with the father’s 
death, tearful when discussing it, and had confl icting views 
about how to manage the grief. The mother and one sister 
no longer wanted to wear the symbolic mourning clothes, 
but to move on. The other three sisters were wearing 
black mourning bands in their hair and wanted to do so 
for the appropriate period of 1 year. One of these sisters 
complained of having some panic attacks. They also all felt 
angry and concerned about their material circumstances. 
They had no access to their father’s pension, as this would 
have meant going to a police station run by the ethnic group 
in power to get new identity papers (all of theirs had been 
burnt), and identifying themselves as from a confl ict area 
and as being members of a family with a massacre victim. 
Anxiety made sleep diffi cult.

Interestingly, the boys in the family (aged 7, 8 and 
14 years) appeared cheerful, busy and well, insisting that 
they were symptom free, although they missed their father. 
All the boys attended school regularly. The girls did not go, 
as there was no money for books. They therefore sat around 
at home with little to do.

We agreed to have family meetings to help them to 
resolve their confl icting views about how to grieve, and 
relaxation therapy to provide some symptomatic relief. We 
did this as a group and they practised themselves on a daily 
basis, with the mother running the group. Over the next 
weeks there was a marked improvement in the whole fam-
ily. The three girls continued to wear their mourning bands, 
and the mother was more tolerant of this. A began to press 
me to help her to get an ID card so that she could go to a 
nearby town, get a job and earn some money. However, 
the security situation deteriorated too much for this to be 
possible. My last visit before evacuation was distressing, as 
there was fi ghting on the nearest main road and the sound 
of shelling of nearby villages. We all knew that they might 
have to fl ee again in the near future.

I returned to see the family 3 months later. They had 
spent these months internally displaced, being pushed from 
one village to another, and with very little to eat. During this 
time, the 14- year- old son, who had separated himself from 
the family because he believed that he endangered them, 
had been killed along with another male relative. The family 
had returned to their home to fi nd it completely burnt to 

the ground except for an outhouse. They had nothing left 
and were using an ammunition box as a table, and sleep-
ing under a small piece of plastic in the garden, because 
the outhouse attracted snakes. As before, the healthiest 
members of the family appeared to be the smallest boys, 
who denied any symptoms except some tearfulness now 
and then. They appeared active and cheerful except when 
witnessing their mother’s distress. The mother was devas-
tated, and could not stop crying. She could not sleep, eat or 
function, and expressed suicidal ideas. A had moved away 
to live with an aunt in a nearby town, and had a number 
of somatic symptoms. We provided clothes for the family 
and basic material equipment for the house. The mother 
was started on antidepressant therapy.

The family then lost contact with our service for 
6 months. They had been provided with materials to build 
a warm room, but the aid agency had failed to realise that 
with no adult males left in the family there was no one to 
build it. The family therefore moved into a grim damp refugee 
fl at in town. The mother had found the antidepressants 
helpful but had run out of medication. Two daughters had 
escaped the situation by marriage. The boys were well 
and attending school. The other daughters remain trapped 
within the prison of their mother’s unremitting grief. They 
spent all day in the fl at with their mother talking and crying. 
She did not wish to be left alone. They wanted to show her 
how much they cared for her and insisted on doing every 
household task, which added to her feeling of being a use-
less burden. We began ‘family work’ again, encouraging 
the girls to join the free local youth club and to allow the 
mother to re- establish her maternal role in the family, sup-
porting her by restarting the antidepressant medication at 
her request, and getting in touch with the aid agency about 
the family’s house.

Some refl ections on this case: For most families of this 
particular ethnic group, the immediate and respectful burial 
of the dead is crucial. This is followed by 7 days of visiting 
by friends and family, who sit all day with the bereaved 
and discuss the dead. These normal mourning processes 
had not been possible either for the father or for the son. It 
seems likely that the surprisingly sudden symptomatic relief 
that A gained from my initial intervention was a result of 
my contributing to some of this normal mourning by being 
an outsider who visited and listened. A family approach 
meant that differences could be brought out in the open in 
a respectful way. The family also formed a natural group so 
could encourage and support each other in doing relaxa-
tion work. Attending to human rights concerns such as 
identity papers and security was also important. However, 
all this was undone by the second round of confl ict and 
loss. There is something particularly devastating about loss 
coming again immediately a family has begun to work its 
way towards recovery. Being made homeless and not being 
given support to rebuild their house have contributed to their 
sense of bereavement and powerlessness, and prolonged 
the period of grief. The mother told me repeatedly that if 
she could start rebuilding her house she would feel better.

Some families are strongly patriarchal. There are dif-
ferent coping strategies available to boys and girls. All the 
women in this family came across as strong and capable, 
but all of them felt that the loss, fi rst of an invalid father 
and then of the oldest son, had completely destroyed the 
family’s capacity to function. Much of the work with grieving 
female survivors has to address their insecurity and lack 
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of confi dence in their own self- worth. This family required 
a complex approach, including participation in normal 
mourning, attention to basic needs, help with family com-
munication, symptomatic relief, help with re- establishing 
normal family roles, and adapting to new roles in the 
absence of male support.

Vignette 2: Supporting the whole family
Family B had lost more than 20 members, mostly female 
and children, in a massacre. I was asked to visit because of 
concerns about the mental health of the surviving children 
who had witnessed the attack and were all under 6 years 
of age. At the fi rst session, most of the remaining extended 
family, including the children, had gathered to meet me 
in the only intact room in the house. I already knew the 
outline of what had happened, and used this fi rst meet-
ing to draw a genogram. I have found that in situations of 
mass violence, in a culture where the extended family is of 
central importance, this simple technique has a number of 
useful functions.

 O It is a collective act, with everyone joining in, introducing 
themselves and explaining their connection to others.

 O It is interesting for the children, who join in the actual 
drawing on a large sheet of paper in the centre of the 
room.

 O By asking the family to include those who have died, it 
allows for a collective naming of the dead. In this family 
my symbolically putting a simple black line through these 
names took on a ritual signifi cance, and the children 
were quick to point out when I missed someone out.

 O The naming allows the person who has died to be 
identifi ed, but how much is said about that person or 
what happened is up to the family. Thus it provides the 
opportunity for storytelling without forcing the issue.

 O What is said about the dead is said in front of the whole 
family, so there is a collective narrative from which the 
children are not excluded.

Once the genogram had been drawn, the family told me 
their concerns about the children and their own fears about 
letting the children talk, as it seemed to upset them. At this 
meeting, I gave the simple advice about communication 
outlined above, and arranged to meet the family regularly 
and to have play therapy with the children. At the next 
meeting, the family informed me that they were concerned 
about the oldest teenage girl, who fainted regularly at the 
same time every afternoon, and was the most nervous and 
sensitive member of the family. Her sister was one of the 
dead, and her mother was particularly concerned about 
her health, but never cried herself. They wanted reassur-
ance that the girl was not seriously ill. Having provided this, 
I wondered aloud if the teenage daughter was in some 
way grieving for the whole family and that this exhausting 
work might be causing her to faint. It also meant that the 
mother did not have time to think about her own sadness. 
The daughter said that she wished her mother would cry a 
little and not worry about her so much, in which case she 
could look after her.

By the next meeting, the daughter was no longer fainting 
and the mother was now actively grieving. I continued with 
family meetings and play therapy over the next 6 months. 
During this time the oldest child (5 years of age) of another 
section of the family, in which the mother had died, began 
to tell his father fragments of what he had seen and to ask 

questions about his mother. The father had taken out pho-
tographs of his wife to show to all the children. At no point 
did the children tell the story to me, nor did I insist upon it, 
seeing my role as facilitating and supporting communica-
tion within the family. Over the following year the children 
became much less tearful and withdrawn, and increasingly 
outgoing, cheerful, communicative and energetic. They 
all attended the formal reburial of their family. Their father 
remarried and their new stepmother was well accepted. 
The father began on the process of rebuilding his house. 
They remained well at our last contact, and the oldest child 
had begun school without problems.

Vignette 3: Assisting communal mourning
The South- East Asian tsunami that occurred on 26 
December 2004 destroyed an area along the coast of 
Northern Sumatra 300 miles long and 6 miles wide. At 
least 130 000 people were killed in that country alone, and 
400 000 were left homeless. In some villages more than 
70% of the community were killed. One issue was the prob-
lem created by large mass graves. For example, outside 
the provincial capital Banda Aceh, approximately 20 000 
people were buried in a small piece of land next to the 
main road, with no identifi cation and no acknowledgement 
of their lives. Nothing grew there. Driving from the airport, 
one might witness a lone fi gure standing or sitting on the 
ground in quiet meditation or prayer. Our non- governmental 
organisation (NGO) psychosocial team talked with local 
community leaders in an effort to understand how to assist 
the Acehnese people in their mourning at this site, and 
took up their suggestion to collaborate in building a Quiet 
House. The house was built by local people in less than 
10 days with NGO supervision. It overlooked the grave site 
and provided shelter, privacy and beauty for the relatives 
of the dead, without the traffi c of the main road intruding. 
The house was designed to emphasise traditional culture, 
and was landscaped with fl owering plants and trees. To 
provide comfort for the bereaved, the Imam wrote a well- 
known Muslim prayer: ‘From him (Allah) we come and to 
him (Allah) we return.’ 

One of the local workers became tearful, explaining ‘I 
think my family are buried here but I don’t know. This is 
why I don’t come here … but now I can come and talk to 
them. It is very important for the people of Aceh to have a 
place where they can come and feel a sense of loss and 
family again.’ The project led to requests for further Quiet 
Houses at other sites.13

Note: Dr Jones is a members of the WHO ICD- 11 
Working Group on the Classifi cation of Disorders Specifi cally 
Associated with Stress, reporting to the WHO International 
Advisory Group for the Revision of ICD- 10 Mental and 
Behavioural Disorders. The views expressed in this arti-
cle are those of the author and, except as specifi cally 
noted, do not represent the offi cial policies or positions 
of the International Advisory Group or the World Health 
Organization.
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1.24 Obstetric and paediatric anaesthesia in low 
resource settings 

The Safe Anaesthesia Working Group of the World Health 
Organisation’s ‘Safe Surgery Saves Lives’ global initiative 
updated the 1992 International Standards for the Safe 
Practice of Anaesthesia in 2010. The aim of these Standards 
is to contribute to decreased patient morbidity and mortality 
worldwide, particularly in lesser resourced countries where 
regions have not adopted their own standards. 

The fundamental principle of these Standards is the 
continuous presence of an appropriately trained, vigilant 
anaesthesia professional. The Standards also highly recom-
mend pulse oximetry during anaesthesia, which means it 
is mandatory, although compromise may be unavoidable 
in emergencies.

Compliance with these International Standards should 
be advocated by health care workers in all facilities where 
anaesthetics are given.

Obstetric anaesthesia
The limiting factor is often the availability of doctors and 
nurses trained in anaesthesia; women, babies and children 
die because of the lack of trained staff.

Remember that there are two patients – the mother and 
the baby. The condition of the mother affects the condition 
of the baby. Therefore maintaining adequate oxygenation 
and resuscitation of the mother is the best initial way of 
treating and preventing fetal distress.

All pregnant mothers after 20 weeks’ gestation 
who are lying down must be put in the left lateral tilt 
position to avoid aorto- caval compression and supine 
hypotension.

Conduct of anaesthesia
Considerations in the obstetric patient in addition to routine 
anasethesia include those listed below.

1 Physiological 
Hypoxaemia
Pregnant women are at risk of hypoxia. They use oxygen 
faster than non- pregnant women, and because of the 
pregnancy it is more diffi cult for them to breathe deeply. 

Hypovolaemia
Signs of hypovolaemia eg. due to bleeding occur later than 
in the non- pregnant, because blood volume increases 
during pregnancy. This means that blood pressure, a late 
sign of blood loss, may be maintained in the hypovolaemic 
patient until induction of anaesthesia, when there may be 
catastrophic hypotension. Estimation of blood loss is dif-
fi cult and it may be concealed eg. placental abruption with 
retroplacental bleeding. Placental perfusion is compromised 
before blood pressure,so fetal distress may be a warning 
of possible maternal circulatory compromise.

Acid regurgitation 
Hormonal effects cause relaxation of the lower oesophageal 
sphincter, and pressure effects from the gravid uterus con-
tribute to an increased risk of regurgitation and aspiration 
if laryngeal refl exes are impaired (e.g. during anaesthesia 
or eclamptic fi ts). An H2 receptor antagonist and sodium 
citrate or other appropriate non- particulate antacid should 
be given to all pregnant women beyond the fi rst trimester 
before general anaesthesia, which should involve a rapid 
sequence induction with cricoid pressure.

2 Pregnancy- related disease
 O Pre- eclampsia/eclampsia

 — blood pressure control
 » Blood pressure should be controlled prior to 

anaesthesia if possible. Spinal anaesthesia is 
recommended for Caesarean section if there are 
no contraindications (signs of coagulopathy or 
raised intracranial pressure). If general anaesthesia 
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is needed, attempts should be made to obtund the 
hypertensive response to intubation (see general 
anaesthesia for Caesarean section).

 — Treatment with magnesium
 » Magnesium potentiates the effect of non- 

depolarising muscle relaxants, so smaller doses 
of muscle relaxant are needed if general anaes-
thesia is necessary.

 — HELLP (Haemolysis, elevated liver enzymes, low 
platelets)

 » If platelet count is less than 100 000 ×109/L, a 
coagulation profile is indicated prior to spinal 
anaesthesia. If platelet count is less than 75 000 
× 109/L, there is a risk of a spinal haematoma and 
so spinal anaesthesia is contraindicated. This has 
to be considered against the risks to the patient of 
alternative anaesthesia (general or local infi ltration).

 — Oedema of tissues
 » This includes facial and airway oedema. The larynx 

and vocal cords may be involved and a smaller 
than usual diameter endotracheal tube may be 
required eg. 6.5 mm, 6.0 mm.

 O Risk of increased intra- operative blood loss eg. if there 
has been antepartum haemorrhage, placenta praevia, 
long labour, maternal dehydration and ketosis or blood 
clotting abnormality (due to pre- eclampsia and HELLP 
syndrome, or anticoagulant medication). Ensure IV 
access with 2 wide bore patent cannulae prior to induc-
tion of anaesthesia. 

 O Sepsis (due to ascending genital tract infection or 
intrauterine infection). Early recognition of sepsis may be 
diffi cult, so it is important to suspect it from the patient’s 
history (e.g. prolonged rupture of membranes).

3 Underlying medical conditions
 O Examples include known cardiac abnormalities, previ-

ous cardiac surgery, and diabetes, all of which may be 
affected by pregnancy.

 O Symptoms of chest pain or dyspnoea may indicate an 
undiagnosed heart valve abnormality, which may be 
either congenital or acquired (e.g. from rheumatic fever). 
unmasked by the circulatory changes in pregnancy 
and labour.

4 Drugs
Ketamine: This causes an increase in blood pressure, so 
should not be given to women with hypertension, but it can 
be used for induction of anaesthesia for women needing 
general anaesthesia for Caesarean section. It may increase 
uterine tone, which may cause fetal distress, or diffi culty 
delivering the baby at Caesarean section.

Opioids: These drugs cross the placenta, so ideally should 
not be given until the cord is clamped, otherwise the baby 
may be slow to establish regular breathing.

5 Equipment
It is vital to ensure that all resuscitation equipment is avail-
able and working, in order to prevent avoidable delays if 
there is an emergency. Check the bag- valve- mask, airway 
equipment, oxygen, IV fl uids, suction, saturation monitor 
and blood pressure machine before every operation. Ensure 
that diffi cult airway equipment (e.g. stylets, bougies) is 
readily available.

Choice of anaesthesia for Caesarean section
The choice of anaesthesia for major surgical procedures 
such as Caesarean section depends on the clinical condi-
tion of the patient, the anaesthetist’s experience, and the 
equipment and drugs available. It should be decided after 
a balance of risks and benefi ts has been considered.
1 Most Caesarean sections are performed with spinal 

anaesthesia unless there are contraindications (see 
below).

2 General anaesthesia is used when spinal anaesthesia is 
contraindicated. Intubation as part of a rapid sequence 
induction is needed to minimise the increased risk of 
regurgitation and aspiration in a pregnant woman.

3 Local anaesthetic infi ltration can be used in situations 
where there is no trained anaesthetist, or if the patient 
is moribund.

Spinal (sub- arachnoid) anaesthesia for 
Caesarean section
A spinal injection gives a dense block of rapid onset (within 
5–15 minutes) that lasts for about 2 hours, and can be ideal 
for Caesarean section. The mother remains conscious. 
Spinal anaesthesia can also be used perinatally for 

 O evacuation of residual products of conception
 O manual removal of placenta
 O repair of third-  and fourth- degree tears.

Spinal anaesthesia causes vasodilatation with consequent 
hypotension. This can be prevented with fl uid loading before 
spinal insertion, and treated with IV fl uid boluses and a 
vasoconstrictor (e.g. ephedrine). 

Uses of spinal anaesthesia
It can be used for:

 O Caesarean section
 O laparotomy (not optimal)
 O evacuation of residual products of conception
 O manual removal of placenta
 O repair of third-  and fourth- degree tears.

Precautions
 O Correct hypovolaemia fi rst.
 O Be aware of the presence of a coagulation disorder 

(e.g. with severe pre- eclampsia, eclampsia or placental 
abruption), which can lead to a dangerous bleed around 
the spinal cord. Spinal anaesthesia should not be used 
in these circumstances.

Contraindications
These include the following:

 O maternal refusal
 O inadequate resuscitation facilities
 O uncorrected hypovolaemia
 O coagulopathy (e.g. if there is spontaneous bruising)
 O fi xed cardiac output (e.g. aortic valve stenosis)
 O allergy to local anaesthetics
 O local infection around the spinal area.

Giving a spinal anaesthetic
Preparation

 O Explain to the patient the type of anaesthesia.
 O Do not give a pre- operative sedative, as it may reduce 

the baby’s respiration and conscious level at birth.
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 O Give an antacid (e.g. sodium citrate 30 mL) immediately 
prior to anaesthesia.

Procedure
 O Ensure that there is a large- bore IV cannula (14 or 

16G) and IV infusion running.
 O Infuse 500–1000 mL of IV fluids (Ringer- lactate or 

Hartmann’s solution) to preload the mother and avoid 
hypotension. Also ensure that atropine 0.6 mg and 
ephedrine 30 or 50 mg diluted to 10 mL with Ringer- 
lactate or Hartmann’s solution are immediately available.

 O Check the patient’s blood pressure.
 O Sterility is critical. Use antiseptic skin solution to clean the 

patient’s back over a wide area. Use sterile gloves and 
ideally a sterile apron. Do not touch the point or shaft 
of the spinal needle with your hand. Hold the needle 
only by its hub.

 O Prepare the spinal anaesthetic (heavy bupivacaine 0.5%, 
2–2.5 mL).

 O Inject 1% lidocaine solution using a fi ne 25G needle to 
anaesthetise the skin over the site (L3/4 or L4/5). Do 
not use a space above L2/3 because the spinal cord 
ends at around L1/2.

 O Introduce the fi nest spinal needle available (24G) (ideally 
using an introducer needle if available) in the midline 
through the anaesthetised skin, at a right angle to the 
skin in the vertical plane. Fine spinal needles greatly 
reduce the risk of post- dural puncture headache. 

 O If the needle hits bone it may not be in the midline. 
Withdraw the needle and reinsert it, directing it slightly 
upwards while aiming in the direction of the umbilicus. 
It is important to have two correct planes (i.e. midline 
and also not too near to the spinous processes above 
or below).

 O Advance the spinal needle towards the sub- arachnoid 
space. A loss of resistance may be felt as the needle 
pierces the ligamentum fl avum.

 O Once the needle has passed through the ligamentum 
fl avum, push the needle slowly through the dura. You 
may feel another slight loss of resistance as the dura 
is pierced.

 O Remove the stylet. Cerebrospinal fl uid (CSF) should fl ow 
out of the needle.

 O If CSF does not come out, reinsert the stylet and rotate 
the needle gently. Remove the stylet to see if fl uid is 
fl owing out. If you continue to fail, try another space.

 O Once CSF fl ows out of the needle, inject 2–2.5 mL of the 
local anaesthetic solution described above.

Never proceed with the injection if the patient complains of 
pain on injection.

 O All patients should have their head and shoulders raised 
on a pillow to prevent high spread of the anaesthetic. 
When using ‘heavy’ (i.e. heavier than CSF) bupivacaine, 
as is used in a spinal anaesthetic, the position of the 
patient affects where the local anaesthetic collects, and 
can be used to infl uence the height of the block. The 
position of the block can be brought higher by placing 
the table head down. Gravity can be made to infl uence 
the level of the block for up to 20 minutes after the 
injection.

 O Lie the mother on her back. Have the operating table 
tilted at least 15 degrees to the left, or place a pillow 

or folded linen under the mother’s right lower back to 
decrease the risk of supine hypotensive syndrome. 

 O Recheck the blood pressure every 5 minutes after the 
spinal needle is inserted until the end of the procedure. 
A fall in blood pressure is likely.

 O If there is signifi cant hypotension (i.e. systolic blood 
pressure < 100 mmHg or a fall in blood pressure of more 
than 20%), or if the mother has nausea or vomiting:

 — Give the IV infusion as fast as possible.
 — Give ephedrine in 3–6 mg increments or an alterna-
tive available vasopressor until there is a response.

 — Give high- fl ow oxygen via face mask.
 O After the spinal injection wait 5 minutes and check for 

weakness of the legs, then pinch the skin with forceps. 
Start below the umbilicus and work up on both sides of 
the body until pain is felt. Wait 5 minutes, and then retest 
the level of the spinal block until there is no pain with 
pinch up to the level of the nipples. Anaesthesia should 
now be adequate for Caesarean section.

 O After surgery the mother does not have to lie fl at, but may 
not be able to move her legs for 2 to 4 hours. The fi rst 
time she mobilises after a spinal anaesthetic she should 
be accompanied in case she has residual weakness.

Complications of spinal anaesthesia
1 Hypotension.
2 Sensory block: if the bladder is full it will be unnoticed 

by the patient.
3 Headache can occur following a spinal anaesthetic, 

but is uncommon if small gauge spinal needles are 
used. Headache occurs because of leakage of CSF, 
which causes traction on intracranial structures. A typi-
cal headache is frontal and/or occipital, and worse on 
sitting or standing, but better when lying down. It can 
be immediate or delayed. Management consists of 
analgesia as per the WHO pain ladder (see Section 1.15) 
and keeping the patient well hydrated. 

4 If there is bradycardia, tingling or weakness in the hands, 
or diffi culty breathing, the block is likely to be too high. 
Give the mother atropine 0.6 mg if she is bradycardic, 
increase the IV infusion rate and give ephedrine. 

5 Rarely, intracranial spread can also occur. It produces 
loss of consciousness and apnoea, and is termed a total 
spinal block. Resuscitation is required.

Management of spinal blocks which are too 
high or total
Call for help.
Airway:

 O Assess and maintain patency.
 O Give oxygen 15 litres/minute via face mask, and measure 

SpO2 using a pulse oximeter (which should already be 
attached). 

Breathing
 O Assess and give chest infl ations with a bag- valve-mask 

if there is apnoea or inadequate breathing. 
 O Ideally protect the airway by intubation if the patient is 

unconscious (P or U on the AVPU scale).

Circulation
 O High or total spinal blocks can cause cardiac arrest.
 O Assess pulse and blood pressure.
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 O Give chest compressions if the patient is in cardiac arrest 
or has an inadequate central pulse (the blood pressure 
may be unrecordable).

 O Tilt the patient to the left if this has not already been 
done.

 O Treat hypotension with IV Ringer- lactate or Hartmann’s 
solution and ephedrine.

 O Treat bradycardia < 50 beats/minute in the mother 
with atropine 0.6 mg IV, repeated after 3 minutes as 
necessary.

Check the fetal heart after maternal resuscitation and con-
sider the timing and method of delivery.

Consider and exclude other causes of unconsciousness 
(e.g. eclampsia, hypoglycaemia, epilepsy, opioid drugs, 
intracranial bleed).

Keep a chart of pulse, blood pressure, respiratory rate, 
SaO2, fetal heart rate and treatments given.

For management of anaphylaxis, see Section 2.7.C.

General anaesthesia
If spinal anaesthesia is contraindicated, rapid sequence 
induction and intubation is the recommended anaesthetic 
if expertise and equipment are available. See in Paediatric 
anaesthesia section of this section for the ‘10 golden rules 
of anaesthesia’, essential monitoring, essential drugs, 
essential equipment, and how to intubate steps 1–6.

General anaesthesia is indicated
1 If spinal fails or is refused by the patient
2 If there is a medical contraindication for spinal 

anaesthesia: 
 O suspected coagulopathy, 
 O raised intracranial pressure (impaired consciousness 

following eclamptic fi ts) 
 O fi xed cardiac output (e.g. aortic stenosis)

3 If there is no time for a spinal anaesthetic to be given.

Conduct of General Anaesthesia
 1 Minimise aspiration risk by the following:

 O restrict oral intake, especially solids for women in 
labour

 O give H2 receptor antagonist e.g. ranitidine 150 mg 
orally if time, or 50 mg IV if emergency

 O give sodium citrate 30 mL orally just prior to induc-
tion of anaesthesia

 O assess patient, with particular attention to airway.
 2 Check drugs available: 

 O Induction agents 
 — Thiopentone 3–5 mg/kg or
 — Ketamine 1.5–2 mg/kg – causes less hypotension 
than thiopentone, useful if patient hypovolaemic 
e.g. if antepartum haemorrhage. Contraindicated 
if pre- eclampsia or eclampsia or suspected 
raised intracranial pressure.

 O Muscle relaxant – Suxamethonium 1–2 mg/kg
 O Other drugs – to reduce hypertensive response 

to intubation, given if the patient has severe pre- 
eclampsia/eclampsia, magnesium 4 g (2 g if already 
receiving magnesium) or lidocaine 1.5 mg/kg, and/or 
rapid onset opioids if available. If opioids are used, 
the baby may need naloxone after initial resuscitation 
if not breathing adequately.

 3 Check equipment – laryngoscopes, endotracheal tubes 
and ensure diffi cult airway equipment, including stylets, 

bougies, laryngeal mask and cricothyroidotomy kit are 
available.

 4 Lie patient on theatre table with left lateral tilt and ensure 
suction is on and under pillow. Connect monitoring.

 5 Start an IV infusion of Hartmann’s solution via a large 
gauge (14 or 16G) cannula.

 6 Explain to the patient and anaesthetic assistant about 
cricoid pressure and pre- oxygenate the patient for 
3 minutes.

 7 Give predetermined dose of induction agent and sux-
amethonium and support jaw until relaxed, or until 
fasciculations subside.

 8 Intubate patient and infl ate cuff. Check position of 
endotracheal tube before allowing cricoid pressure to 
be released.

 9 Maintain anaesthetic with a volatile agent or intermittent 
boluses of ketamine. 

 10 After the baby is delivered, oxytocin is given, as 
requested by the surgeon, usually 5 units as a bolus, fol-
lowed by an infusion. Oxytocin may cause tachycardia 
and hypotension, so care must be given to patients with 
hypovolaemia or other patients for whom tachycardia 
would cause cardiovascular compromise e.g. stenotic 
cardiac valve disease. In these patients, the oxytocin 
bolus can be drawn up into 20 mL 0.9% saline and given 
slowly over 5–10 minutes. After delivery the mother can 
be given opioid analgesia for post- operative pain relief.

Failed intubation
This is more likely to occur at emergency Caesarean sec-
tions, when it is often unexpected and leads to rapid oxygen 
desaturation. An early decision should be made to abandon 
repeated attempts at intubation.

The priority is to OXYGENATE the patient. 
1 Maintain cricoid pressure. This should not interfere with 

bag- valve- mask ventilation if correctly placed, and may 
need to be adjusted.

2 Inform surgeon and scrub nurse to help.
3 Ventilate the patient with 100% O2, initially with mask.
4 If mask ventilation not successful,

a. insert oropharyngeal airway
b. consider using 2 hands to maintain airway with 

assistant squeezing bag
c. insert laryngeal mask.

5 If ventilation is still inadequate, a percutaneous cricothy-
rotomy should be performed.

6 If this is unsuccessful, either surgeon or anaesthetist 
should perform surgical cricothyrotomy or tracheostomy.

If ventilation and oxygenation is possible at any of the steps 
before cricothyroidotomy, and the Caesarean section is 
elective, the patient should be woken up and a spinal or 
local infi ltration should be used.

If the Caesarean section is an emergency, you should 
consider whether to wake the patient up and give spinal 
anaesthesia, or proceed with the patient breathing spon-
taneously and give volatile anaesthesia or intermittent 
ketamine IV.

If spinal anaesthesia is not possible, intubation fails, or 
expertise and/or equipment is unavailable, and Caesarean 
section is urgently needed, the priority is to maintain oxy-
genation with bag- valve- mask and anaesthetise with either 
a volatile agent or ketamine depending on the experience 
of the practitioner.
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Ketamine in early pregnancy
Ketamine causes a trance- like state where patients become 
mentally removed from their surroundings. It causes sleep, 
analgesia and short- term memory loss (amnesia). The 
patient is unconscious, pain- free and has no memory of 
the time under anaesthesia. The airway protective refl exes 
are usually present but cannot be guaranteed. Therefore it 
is important that the patient is starved and anaesthetised 
on a tipping table with suction available. It can only be 
used as a sole anaesthetic agent in the fi rst trimester and 
if there is no increased risk of regurgitation. Patients should 
be fasted for 6 hours prior to ketamine anaesthesia.

Ketamine is contraindicated in patients with high blood 
pressure (including pregnancy- induced hypertension), 
eclampsia or heart disease.

Effects of ketamine:
Central nervous system: Ketamine causes sympathetic 
nervous system stimulation. The additional use of diazepam 
(after delivery if ketamine is used for a Caesarean section) 
will reduce the amount of sympathetic stimulation. Ketamine 
also raises intracranial pressure, which makes it unsuitable 
for patients with eclampsia.

The effects start 10–15 seconds after IV injection. 
Ketamine produces a ‘dissociative state’. The eyes may 
remain open and may make quick side- to- side movements 
(nystagmus), and the patient may move during surgery if 
ketamine is the only drug used. The patient can be quite 
agitated, crying and distressed on waking up. This can be 
minimised by using diazepam with ketamine and avoiding 
stimulation while emerging from anaesthesia. This can also 
be helped by including diazepam (see below) as part of the 
premedication.

Cardiovascular system: Ketamine causes mild stimu-
lation of the cardiovascular system. The blood pressure 
rises by about 25% and heart rate increases by about 20%. 
This increases the workload of the heart.

Respiratory system: If given too quickly, IV ketamine 
can cause the patient to stop breathing for up to a minute. 
If this happens, ventilate the patient until the effect wears 
off. The airway is usually maintained, but still needs to be 
monitored closely. The oxygen saturation may decrease, 
so give oxygen.

Ketamine causes bronchodilatation. Laryngeal spasm 
may occur, and may be partly caused by increased secre-
tions resulting from ketamine use (see below for the 
importance of an atropine premedication in helping to 
prevent this). If it occurs, continuous positive airways pres-
sure by mask with oxygen or manual ventilation with a bag 
and mask should relieve this potentially dangerous problem. 
If it doesn’t relieve the obstruction and oxygen saturations 
are falling, or the patient is cyanosed, give a short acting 
muscle relaxant (suxamethonium 1 mg/kg IV) and continue 
bag valve mask ventilation until adequate breathing returns 
(usually about 5 minutes later). 

Muscle: Ketamine increases muscle tone. This makes 
it an unsuitable drug for major abdominal surgery where 
abdominal relaxation is necessary. Some body movements 
can occur.

Uterus and placenta: Ketamine may increase the tone 
of the uterus. It readily crosses the placenta, so the fetus 
receives some of the drug.

Premedication before ketamine
 O Atropine 10–20 micrograms/kg (up to a maximum of 

600 micrograms) IM 30 minutes before or IV at the time 
of induction of anaesthetic. 

 O Diazepam 100 micrograms/kg (up to a maximum of 
10 mg in pregnancy) can be given IV at the time of 
induction to prevent hallucinations. When performing 
a Caesarean section after ketamine induction, give 
diazepam only after the baby has been delivered as 
diazepam can cross through the placenta and prevent 
the newborn baby from breathing. 

 O Give oxygen at 6–8 litres/minute by mask or nasal 
cannulae.

Administration of ketamine in pregnancy
1 Should only be used without intubation in the first 

trimester.
2 Can be used as an induction agent as part of rapid 

sequence induction in 2nd and 3rd trimester if there are 
no contraindications, e.g. pre- eclampsia, eclampsia.

Start an IV infusion of crystalloid and ensure that a reliable 
IV cannula is in place. 

Ketamine may be given by IV injection or by IV infu-
sion. At doses of 250–500 micrograms/kg IV ketamine 
is a good analgesic. At doses of 1–2 mg/kg IV ketamine 
is an anaesthetic.

Giving IV diazepam 100 microgram/kg will reduce 
nightmares and hallucinations, but respiratory depression 
is more likely than with ketamine alone.

Ketamine injection
 O Check vital signs (pulse, blood pressure, respiration 

and temperature).
 O Oxygen should be given to ensure that SaO2 remains 

above 94%, ideally near 100%.

Induction of anaesthesia is achieved by slowly administering 
ketamine 2 mg/kg body weight IV slowly over 2 minutes. 
For short procedures lasting less than 15 minutes, this will 
provide adequate anaesthesia. 

 O Check the adequacy of anaesthesia at the operation site 
before proceeding with the surgery. Pinch the incision 
site with forceps. If the pregnant woman feels the 
pinch, wait 2 minutes and then retest. 

 O Monitor vital signs (pulse, blood pressure and respiration) 
every 5 minutes during the procedure.

Give additional IV boluses of ketamine 1 mg/kg body 
weight as needed.

Ketamine infusion
 O For longer procedures, infuse ketamine 200 mg in 

100 mL of 5% dextrose at 2 mg/minute (i.e. 20 drops 
per minute with a standard giving set with a drop fac-
tor of 20) and titrate to response. More or less may be 
needed. Stop the infusion 10 minutes before the end of 
the operation. If the patient needs a blood transfusion, 
give it through a different IV line.

 O Monitor vital signs (pulse, blood pressure and respiration) 
every 5 minutes during the procedure.
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Post- procedure care
Discontinue ketamine infusion and administer a post- 
operative analgesic appropriate to the type of surgery 
performed. The patient takes about 2 hours to wake up, 
and needs to be in a quiet area. Let her wake up naturally 
without stimulation. Maintain observations every 30 minutes 
until the patient is fully awake.

Local anaesthesia for Caesarean section
In extreme situations, Caesarean section can be under-
taken under infi ltration with local anaesthetic. Although not 
ideal, this can be necessary in an extremely ill patient (e.g. 
if unconscious and/or eclamptic), where general anaes-
thetic/intubation is not available and spinal anaesthetic is 
inadvisable. 

Up to 100 mL of lidocaine 0.5% with adrenaline 
1:200 000 is used to infi ltrate the layers of the abdominal 
wall either side of the midline from the symphysis pubis to 
5 cm above the umbilicus.

Paediatric anaesthesia
This must only be undertaken by anaesthetic practitioners 
with adequate experience, preparation and equipment. If 
these skills and equipment are not available, the child should 
be referred to a more experienced hospital if at all possible.

Ketamine anaesthesia is commonly used in children 
and is usually safe, but it must still be undertaken with care.

The ‘10 golden rules of anaesthesia’ (originally defi ned 
by Maurice King in his manual Primary Anaesthesia) form 
the basis of essential safe anaesthetic practice for all cases, 
and are listed below.
 1 Do an adequate pre- operative assessment. 
 2 Ensure that the patient has been nil by mouth for an 

appropriate time.
 3 Use a tipping table. 
 4 Check all equipment and drugs. 
 5 Have suction ready.
 6 Keep the airway open. 
 7 Be prepared to ventilate the patient (with oxygen). 
 8 Check the pulse, blood pressure and oxygen saturation 

(SpO2). 
 9 Have a vein open with a reliable venous cannula.
 10 Have an assistant ready to apply cricoid pressure.

In addition: 
 O Create a non- frightening environment. If possible and 

appropriate, the parents should be present up to the 
time of induction of anaesthesia. 

 O Be aware of anatomical, physiological and pharma-
cological concepts relevant to infancy and childhood.

 O Know the normal values of the main physiological 
variables. 

 O For all emergencies, remember ABC for assessment 
and treatment, and call for help early.

 O Know the hourly fl uid and blood requirements for every 
patient (for children these are based on their weight). 

 O Ensure that all equipment and drugs are available for 
the child.

Pre- operative assessment
 O Past medical history (including anaesthetic history), in 

particular any cardiorespiratory illness, and the presence 

of respiratory tract infection, which increases the risk of 
adverse respiratory events during anaesthesia.

 O Medication and allergies.
 O Nil- by- mouth guidelines (if unsure, ensure 6 hours nil by 

mouth for all oral intake)
 — clear fl uids: 2 hours
 — breast milk: 4 hours
 — food: 6 hours.

 O Weigh the child.
 O Note the physiological status: airway, oxygenation and 

ventilation, cardiovascular stability, hydration.
 O Assess airway and ease of intubation. Burns, facial 

deformity, small chin and reduced mouth opening are all 
signs of a potentially diffi cult airway. If any problems with 
airway or intubation are anticipated, consider referring 
the child to a more experienced hospital. 

 O If the child is sick, consider whether the procedure is 
really necessary, and if it is, ensure adequate resuscita-
tion prior to any procedure.

 O Plan the fl uid requirements. Do not give hypotonic solu-
tions such as 0.18% saline in 5% dextrose. Give Ringer’s 
lactate or Hartmann’s solution, which are best and 
essential intra- operatively. Neonates, infants and sick 
children need glucose (dextrose) intra- operatively, and 
therefore a 5% or 10% solution of glucose in Ringer- 
lactate or Hartmann’s solution is ideal. Check the blood 
glucose levels regularly, and give additional glucose 
(10%) 2 mL/kg as required.

 O Basic maintenance fl uids in children:
 — Give 4 mL/kg/hour for the fi rst 10 kg of body weight. 
 — Then add 2 mL/kg/hour for the next 10 kg of body 
weight.

 — Then add 1 mL/kg/hour for each kg thereafter.
 O Additional fl uids: Judge these clinically: cardiovascular 

status and urine output (> 0.5–1 mL/kg body weight/
hour for a child). 

 O Premedication: give oral paracetamol. Avoid sedative 
premedications unless you are experienced in their use.

 O Explain what is to happen to the child and their 
family.

Intra- operative considerations
Planning the anaesthetic

 O Maintenance of normal physiological status is part of 
balanced anaesthesia.

 O General anaesthesia involves a reduced conscious level 
(sleep), muscle relaxation and analgesia. Anaesthetic 
drugs rarely provide all three of these (e.g. ketamine 
is a poor muscle relaxant, ether is not analgesic, local 
anaesthetics provide no fall in conscious level). Therefore 
modern anaesthesia uses combinations of drugs to 
provide balanced anaesthesia.

 O Avoid general anaesthesia wherever possible. Most 
operations can be performed using one or all of the fol-
lowing: sedation, local anaesthesia and ketamine. These 
techniques should be the basis of anaesthesia for the 
non- specialist anaesthetist.

 O General anaesthesia is indicated where other meth-
ods are precluded due to lack of knowledge, lack of 
drug, the nature of the surgical procedure (abdominal 
surgery) or contraindication for ketamine/local anaes-
thetic drug.

 O Inhalation anaesthesia with or without muscle relaxant 
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and local anaesthetic/opioid as analgesia is the standard 
combination.

 O Intravenous ketamine is an excellent induction agent 
unless it is contraindicated. Thiopentone is a useful 
alternative if inhalational anaesthesia is planned and 
intravenous induction is required.

 O Induction can be achieved by inhalation of anaesthetic 
gases, provided that there is adequate expertise and 
equipment. This is not safe for patients with a full stom-
ach, but in those with acute upper airway obstruction 
it must be used (intravenous induction often leads to 
apnoea or a worsening of airway obstruction).

 O Neonates and infants form a special group. Do not 
undertake anaesthesia without concern in this age group, 
and it should be administered only by an experienced 
practitioner. Sedation and ketamine anaesthesia are 
more diffi cult to perform safely. Under general anaes-
thesia, neonates and infants do not breathe well (due 
to difficult airway maintenance, unfavourable chest 
wall/lung mechanics and limited reserve in the face of 
hypoxaemia). Therefore, in general, ventilation must be 
controlled. Caution must be exercised with regard to 
drug doses (opioids and local anaesthetics due to side 
effects, suxamethonium is required at a higher dose), 
and post- operative risks are increased. Ketamine or 
inhalational anaesthesia with controlled ventilation is the 
technique of choice. 

For all anaesthesia:
 O Remember the ‘10 golden rules’.
 O Give oxygen if it is available (especially at altitude).
 O Use all monitoring that is available. The best monitor is 

the anaesthesia provider closely watching the patient at 
all times. A pulse oximeter is the most essential basic 
monitor.

 O Maintain normothermia (using warm fl uids and high 
ambient temperature).

 O Give fluids for maintenance with additional fluid as 
indicated clinically. 

 O The optimal haemoglobin level depends on age, but pref-
erably should always be higher than 8 g/dL. Correction 
of chronic anaemia is not necessary unless major blood 
loss is expected.

 O Analgesia: paracetamol, non- steroidal anti- infl ammatory 
drugs, local anaesthetic infi ltrations and blocks, and 
opioids (morphine and pentazocine).

 O Plan to maintain spontaneous ventilation wherever pos-
sible. Never use muscle relaxants without knowledge of 
and experience in how to intubate.

When to intubate
 O To protect the airway/lungs: All acutely ill children and 

pregnant women have poor gastric emptying. If in doubt, 
or if there is a strong indication of a ‘full stomach’ (acute 
abdomen) you must protect the lungs with an endotra-
cheal tube. Intravenous induction with the application 
of cricoid pressure prior to intubation is the technique 
of choice. Prolong nil by mouth times post trauma to 
minimise the risk of regurgitation.

 O To ensure a safe maintained airway: In the case of 
a diffi cult airway or potentially diffi cult intubation, never 
give muscle relaxant until the airway is secured with an 
endotracheal tube (i.e. keep breathing!). Upper airway 

obstruction is a contraindication to intravenous anaes-
thesia, including ketamine.

 O To provide positive pressure ventilation: Prolonged 
surgery, where muscle relaxant is essential (abdominal 
surgery).

 O To improve oxygenation in neonates and infants: You 
can administer 100% oxygen and maintain better lung 
volumes with positive end- expiratory pressure (PEEP).

Post- operative care
 O Basic recovery care: attention to ABC, maintenance 

of normothermia, continued fl uid therapy, and provision 
of safe and effective analgesia.

 O Commence oral fl uids as soon as possible.
 O If intravenous fl uids are required (due to ongoing losses 

or nil by mouth), give at 70% maintenance with additional 
fl uids matched to losses.

 O Regular oral/rectal analgesia (paracetamol, non- steroidal 
anti- infl ammatory drugs) with opioid as rescue anal-
gesia. Consider opioid infusion (see Section 1.6 and 
Section 1.15).

 O Pain assessment scores to titrate analgesia (see 
Section 1.16).

 O Family care and communication.

Techniques
Sedation
In pregnancy and in children should only be administered 
by experienced health workers; usually an anaesthetist.

 O Conscious sedation through to general anaesthesia: 
based on loss of airway self- maintenance, gradual loss 
of protective refl exes and decreased responsiveness.

 O All drugs can have unpredictable and prolonged effects.
 O Cardiorespiratory compromise is the greatest danger.
 O Avoid sedation altogether in patients with upper airway 

obstruction.
 O Prepare as for general anaesthesia.
 O Drugs: chloral hydrate, midazolam or diazepam.

 — chloral hydrate: 25–50 mg/kg orally (infants)
 — midazolam: 200 micrograms/kg intranasally, orally 
or sublingually

 — diazepam: 200 micrograms/kg IV (500 micrograms/
kg rectally).

Local anaesthetic
 O Advantages:

 — It is cheap, and minimal equipment is required.
 — Its use can avoid the need for general anaesthesia.
 — The procedures are simple and brief.
 — It can be used for post- trauma analgesia and post- 
operative analgesia.

 O Disadvantages:
 — Slow onset, and prolonged effect.
 — Each block can have major complications.
 — Toxicity: central nervous system (seizures) and car-
diovascular (arrhythmias).

 — All techniques can be lethal.
 — It is not sedative!

 O Safety:
 — Always ensure sterility.

Never exceed the maximum doses of local anaesthetics: 
lignocaine 3 mg/kg (7 mg/kg with adrenaline), and bupi-
vacaine 2 mg/kg (with or without adrenaline).
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 O Be very cautious with doses in neonates.
 O Know the anatomy.
 O Use blunted needles (easier to identify layers), ideally 

25–29 gauge.
 O Always aspirate before any injection (this is not a 100% 

guarantee of avoiding intravascular injection).
 O All injections should be easy (i.e. there should be no 

resistance to injection; resistance indicates intra- neural 
injection).

 O Be aware of the possibility of toxicity, and assess for it 
during and after administration of local anaesthesia (an 
early symptom of toxicity is tingling of the lips, which are 
a highly vascular area).

Applications
This can be administered topically, by infi ltration or by 
regional blocks. 

Do not combine local anaesthetic with adrenaline in 
digital or penile blocks.

 O Topical application: easy to do and can be very effec-
tive (e.g. Ametop or EMLA skin anaesthesia, local 
anaesthetic soaked dressings, eye drops). 

 O Infi ltration: use a small needle, and slow injection.

Nerve blocks
For all blocks, fi rst consider whether ketamine anaes-
thesia would be safer and more tolerable for the child.

 O Explain this type of anaesthesia to the patient and carers, 
and gain their consent.

 O Warn the patient about motor blockade and the sensa-
tion of sensory blockade.

 O Apply the principles of safe use of local anaesthetics.
 O The onset of effect can be slow (30–60 minutes).
 O The effect can be prolonged (up to 24 hours).
 O Be aware of the distribution of analgesia for each 

block.

Femoral block/‘3 in1’
 O Femoral shaft fractures, burns, grafts from anterior thigh.
 O Medial calf only blocked below the knee.
 O Lie the patient in a supine position. The femoral nerve 

lies lateral to the vascular sheath just below the inguinal 
ligament (the nerve, artery and vein lie laterally to medi-
ally, respectively).

 O Sterilise the skin, and provide skin analgesia.
 O Identify the artery. The injection point is 0.5–1 cm lateral 

to the artery.
 O Advance a 21G blunted needle at 45 degrees to the skin 

until two ‘pops’ are felt (the fascia lata and fascia iliaca). 
 O Aspirate, inject lignocaine 1% with adrenaline (1 in 

200 000), 0.5– 0.7 mL/kg. 
 O Larger volume blocks obturator and lateral cutaneous 

nerves in addition, hence ‘3 in 1’.

Brachial plexus block (axillary approach)
 O This is the easiest and safest approach.
 O It blocks the whole arm except for the upper arm and 

shoulder.
 O Lie the patient supine, abduct the arm to 90 degrees, 

rotate it externally, forearm to 90 degrees.
 O Identify the artery, sterilise the skin, and provide skin 

analgesia.
 O Advance 1 inch with a 22 G needle, aiming for the apex 

of the axilla, over and parallel to the artery.

 O After one pop is felt, let go of the needle. It will bounce 
with arterial pulsation if correctly sited. 

 O Support the needle, then carefully aspirate and inject 
0.5 mL/kg lignocaine 1% with adrenaline 1 in 200 000. 
Intravascular injection is a signifi cant risk.

Intercostal block
 O This is useful for fractured ribs and upper abdominal 

surgery.
 O The risk of complications is high, but it is an effective 

block.
 O Identify the postero- medial curve of the rib.
 O Sterilise the skin and provide skin analgesia.
 O Advance a 22–24G needle perpendicular to the skin 

until you hit the rib.
 O ‘Walk’ the needle just under the rib, aspirate and inject.
 O Repeat at each rib.
 O Beware of the maximum dose, 0.5 mL/kg of 1% lig-

nocaine with adrenaline 1 in 200 000, as intravascular 
uptake from this site is high.

Intravenous regional anaesthetic (IVRA)/Bier’s block
 O This is used for distal limb excisions and fracture 

manipulations.
 O It involves intravenous injection of local anaesthetic into 

an arm with a tourniquet blocking off the arterial and 
venous supply. It is therefore dangerous and must only 
be performed with the appropriate equipment.

 O Exsanguinate the arm by elevation.
 O Apply the tourniquet (a double one if available).
 O Insert two IV cannulae – one in the limb to be blocked 

as distal as possible, and the other for safety in another 
limb.

 O Infl ate the tourniquet (to twice the arterial pressure).
 O Inject lignocaine 1% (10 mL at 1 year, 20 mL at 

5 years, 30 mL at 10 years) into the cannula in the 
limb to be blocked (but not with adrenaline and not 
with bupivacaine).

 O There is a 10- minute onset, and it is safe to release the 
tourniquet after 30 minutes.

Ilioinguinal/iliohypogastric block (fi eld block)
 O This is used for hernia repair and orchidopexy.
 O Lie the patient supine and identify the anterior superior 

iliac spine.
 O This is 1 cm medial and 1 cm caudal.
 O Sterilise the skin and provide skin analgesia.
 O Advance a 22 G blunted needle perpendicular to the 

skin until one pop is felt (after the skin). Then aspirate 
and inject.

 O Two pops are acceptable. Three pops or ‘feels too far’ 
runs the risk of femoral nerve block.

 O Infi ltrate 0.5 mL/kg 1% lignocaine with 1 in 200 000 
adrenaline after aspiration.

 O Withdraw to skin and infi ltrate.

Central blocks
Central neural blockade should only be used by experienced 
anaesthetic practitioners in older children. It is not appropri-
ate to discuss central blocks for children in this textbook. 
Please refer to a specialist anaesthetic textbook.

Ketamine
Ketamine anaesthesia is not always safe, and must only 
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ever be undertaken with great care. Remember the 10 
Golden Rules of anaesthesia and ensure that adequate 
preparation has taken place.

Ketamine is an analgesic, dissociative anaesthetic that 
induces a trance- like cataleptic state dissociated from the 
environment.

 O Advantages:
 — airway maintenance
 — cardiovascular stability
 — useful for short procedures, and limb and extra- cavity 
surgery.

 O Disadvantages:
 — airway is not guaranteed, and interference risks laryn-
gospasm and bronchospasm; cardiovascular stability 
is no alternative to good resuscitation

 — hypoxaemia and apnoea, especially after bolus 
administration

 — hypertonus, especially with prolonged anaesthesia 
(greater than 1 hour)

 — resistance is unpredictable except in developmentally 
delayed children

 — it raises the intracranial and intraocular pressure
 — emergence phenomena (e.g. hallucinations), although 
these are perhaps less common in children, and can 
be minimised with benzodiazepines.

 O Use as low a dose as possible.
 O Recovery may be prolonged.
 O Use only with great caution in neonates (apnoea is very 

likely to occur).

Ketamine doses 
 O 1 mg/kg slow IV bolus.
 O Repeat half the fi rst dose (500 micrograms/kg) after 

15 minutes.
 O 7 mg/kg IM induction dose.

For IV infusion:
 O Make up a solution of 1 mg/mL by placing 500 mg in a 

500- mL bag of 5% glucose or 0.9% saline.
 O Maintenance after the initial bolus. 
 O Aim for 2–4 mg/kg/hour for general anaesthesia.
 O Aim for a lower dose, of 500 micrograms to 1 mg/kg/

hour, for analgesia.

Marked tachyphylaxis can occur with infusions that last for 
more than 30–60 minutes.

Inhalational anaesthesia 
Do not undertake this unless you are trained in anaesthesia.

 O Airway maintenance skills and the ability to recog-
nise an appropriately anaesthetised patient are the 
absolute minimum requirements for safe practice.

 O The best simple guide to depth of anaesthesia is the 
level of sympathetic nervous system arousal.

 O The equipment for this type of anaesthesia is generally 
more specialised.

 O Spontaneous ventilation via mask or endotracheal tube 
and breathing system is the safest application.

Ether is a relatively safe drug to use, although it is no longer 
widely available. It can be given by an open method or by 
a breathing system and vaporiser, usually of the draw- over 
type. Induction of anaesthesia is slow and relatively predict-
able. Respiratory depression is late, and cardiovascular 

stability is well maintained. Recovery can be prolonged. 
Ether has no analgesic effect. 

Halothane is a potent but highly effective inhalational 
anaesthetic agent. It can only safely be given via a vaporiser. 
It is easy and dangerous to use too much.

Trichloroethylene (trilene) has the advantages of slow 
onset, high potency and an analgesic effect. Tachypnoea 
and post- operative nausea are seen. It is rarely if ever 
used alone.

Essential equipment
This should follow the World Health Organization (WHO) or 
World Federation of Societies of Anaesthesiologists (WFSA) 
standards. The minimum is Level 1 facility.

Minimum equipment required for ketamine 
and local anaesthesia provision

 O Equipment to support the airway and ventilation 
(bag- valve-mask).

 O Suction (foot operated or electric).
 O Intravenous cannulae.
 O Syringes.
 O Needles.
 O Pulse oximeter.

Preferred equipment for ketamine, 
inhalational anaesthesia and resuscitation

 O Oxygen masks: with and without reservoir bags (paedi-
atric and adult sizes).

 O Oxygen supply: cylinders with oxygen fl ow meter or 
oxygen concentrator.

 O Intravenous fl uids (isotonic solutions such as Hartmann’s, 
Ringers- lactate or 0.9% saline) not dextrose solutions 
without electrolytes, except in the fi rst 2 days of life.

 O Intravenous administration sets (ideally burettes).
 O Paediatric anaesthetic face masks (ideally clear masks 

with infl atable rims that provide an airtight seal and have 
minimal dead space).

 O Oropharyngeal airways (Guedel), sizes 0–4.
 O Bag- valve-mask incorporating non- rebreathing valve 

(paediatric), reservoir tubing/bag and self- infl ating bag 
(preterm neonatal (250 mL) and full term neonatal and 
child (500 mL) sizes.

 O Ayre’s T- piece, with Jackson–Rees modifi cation (open- 
ended 500- mL bag).

 O Endotracheal tubes: 2.0–9.0 mm internal diameter, 
cuffed and uncuffed, PVC.

 O Laryngoscopes: straight- bladed and curved- bladed.
 O Magill’s forceps (adult and paediatric sizes).
 O Fixation tape.
 O Suction apparatus (manual, foot/hand pump).
 O Suction catheters.
 O Yankauer suckers, paediatric and adult.
 O A means of administering inhalational anaesthetic 

agents: continuous- fl ow (Boyles type) require a con-
tinuous oxygen supply; simple draw- over (OMV, EMO 
based, triservice); or new hybrid machines, such as the 
Universal Anaesthesia Machine (www.gradianhealth.org) 
or the Glostavent (www.diamedica.co.uk) (please refer 
to specialist anaesthetic textbooks).

Essential monitoring
 O This improves patient safety, reducing morbidity and 

mortality.
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 O Use in any location and for any technique, including 
sedation.

 O Use from induction through to recovery.
 O Documentation is essential. 

The best and only universally available monitor is the 
presence and vigilance of the person administering the 
anaesthetic.

Minimum monitoring includes colour, pulse rate and 
volume, chest wall movements, capillary refi ll time, res-
piratory rate and auscultatory fi ndings, and pupil size. This 
monitoring can and should be performed repeatedly by 
the anaesthetist.

Always remember to check:
 O equipment prior to use
 O whether there is enough oxygen
 O whether oxygen is fl owing into the patient
 O the patient’s arterial oxygen saturation (SpO2), electrocar-

diogram, non- invasive blood pressure (this is extremely 
valuable), temperature (ideally core temperature), blood 
glucose levels, urine output, and capnography (expen-
sive but useful).

Essential drugs
 O Oxygen.
 O Intravenous fl uids.
 O Local anaesthetics (lignocaine and bupivacaine).
 O Ketamine.
 O Atropine.
 O Diazepam. 
 O Midazolam. 
 O Paracetamol. 
 O Morphine or another opiate.
 O Suxamethonium bromide (if no refrigeration facilities are 

available), (lasts 5 minutes, higher dose is needed in 
neonates, salivation, hyperkalaemia, masseter spasm, 
anaphylaxis). 

 O Pancuronium (or atracurium or vecuronium); neostigmine.
 O Adrenaline (resuscitation doses: 1 in 10 000 = 100 micro-

grams/mL; 1 in 1000 = 1 mg/mL).
 O Thiopentone (apnoea, hypotension).
 O Inhalational agents.

Intubation
This is used:

 O to secure the airway
 O to protect the airway
 O for prolonged ventilation
 O for intra- operative ventilation
 O for tracheo- bronchial toilet
 O for the application of high airway pressures and positive 

end- expiratory pressure (PEEP)
 O for cardiopulmonary resuscitation (all of the above)
 O in patients with raised intracranial pressure to maintain 

normal oxygenation and normocapnia.

Choice of tube 
 O Uncuffed under 25 kg: the larynx is narrowest below the 

glottis at the circular non- distensible cricoid ring (modern 
cuffed tubes are increasingly available for infants and 
young children).

 O The correct tube is that which passes easily through the 

glottis and subglottic area with a small air leak detectable 
at 20 cmH2O (i.e. sustained gentle positive pressure).

 O Size of uncuffed tubes: measure the tube internal diam-
eter against the diameter of the little fi nger of the child: 

 — preterm neonates: 2.5–3.5 mm internal diameter
 — full- term neonates: 3.0–4.0 mm internal diameter
 — infants under 1 year of age and after the neonatal 
period: 3.5–4.5 mm internal diameter

 — children over 1 year: internal diameter in mm = 
age/4 + 4
length of tube in cm = age/2 + 12 for oral tube
= age/2 + 15 for nasal tube.

Aids to intubation
 O Laryngoscope: blade (straight for neonates and infants 

because of their long, fl oppy epiglottis; curved for older 
children and pregnant mothers), bulb and handle.

 O Magill’s forceps.
 O Introducer (not further than the end of the tube itself).
 O Gum elastic bougie (over which the tube can pass).
 O Cricoid pressure (can aid visualisation of the larynx).
 O Suction apparatus must be available, plus Yankauer 

and other catheters.
 O Syringe (cuffed tube).

Predictors of diffi culty
 O Diffi culty in opening mouth
 O Reduced neck mobility
 O Laryngeal/pharyngeal lesions
 O Congenital: Pierre- Robin syndrome, mucopolysac-

charidoses.
 O Acquired: burns, trauma.
 O Look from the side: a small chin is a predictor of 

diffi culty.

Complications
 O Displacement: oesophageal, endo- bronchial, out of 

larynx.
 O Obstruction: kinking, secretions.
 O Trauma: from the lips to larynx.
 O Hypertensive response.
 O Vagal response.
 O Laryngeal or pharyngeal spasm.
 O Aspiration of gastric contents.

How to intubate
1 Prepare and check the equipment.

 O Choose an appropriate tube size, with one size above 
and one size below available.

 O Get the tape ready to fi x the tube. 
 O Suction must be available.
 O Induce anaesthesia and give muscle relaxant unless 

completely obtunded. Do not attempt this in a 
semi- conscious patient.

2 Position: 
 O Children over 3–4 years of age and pregnant moth-

ers: ‘sniffi ng morning air’ position (head extended on 
shoulders and fl exed at neck). 

 O Children under 3 years (especially neonates and 
infants): neutral position (large occiput).

 O Keep in a neutral position with in- line immobilisation if 
there is an unstable cervical spine (e.g. due to trauma 
or Down’s syndrome).
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3 Pre- oxygenate every child prior to intubation.
4 Introduce the laryngoscope into the right side of the 

mouth, sweep the tongue to the left, and advance the 
blade until the epiglottis is seen.

 O Curved blade: advance the blade anterior to the 
epiglottis, and lift the epiglottis forward by moving 
the blade away from your own body.

 O Straight blade: advance the blade beneath the epi-
glottis into the oesophagus, pull back, and the glottis 
will ‘fl op’ into view.

 O Recognise the glottis.
 O Insert the endotracheal tube gently through the 

vocal cords.
 O Stop at a predetermined length.

5 Confi rm that placement is correct.
 O The chest moves up and down with ventilation and 

equally on both sides.
 O Listen to breath sounds in the axillae and anterior 

chest wall.
 O Confirm that there are no breath sounds in the 

stomach.
 O Oxygen saturations do not go down.

6 Secure the tube.

If you are skilled, proceed to nasal intubation. This is 

best for long- term ventilation, but is contraindicated in 
base of skull fracture.

 O Fresh gas fl ow through T- piece circuit to prevent re- 
breathing CO2.

 O Minute ventilation (MV) is 1000 mL plus 100 mL/kg. 
 O For spontaneous ventilation: 3 × MV.
 O For positive pressure ventilation: 1.5 × MV.
 O Minute ventilation = rate × tidal volume.
 O Ventilator rates and tidal volumes (by hand or mechanical).
 O Tidal volume is that which is enough to see the chest 

expand adequately, or 5–10 mL/kg.
 O Rates:

 — neonates: 30–40 breaths/minute
 — infants: 25–30 breaths/minute
 — children: 20 breaths/minute
 — adolescents: 15 breaths/minute.

Further reading
Merry AF, Cooper JB, Soyannwo O et al. (2010) International 

Standards for a Safe Practice of Anesthesia 2010. Canadian 
Journal of Anesthesia, 57, 1027–34. 

Bartholomeusz L. (2007) Safe anaesthesia: a training manual 
where facilities are limited. Available as a DVD from TALC – 
Teaching- aids At Low Cost. ISBN: 9780955258770

King M. (2003) Primary anaesthesia. Oxford Medical 
Publications. ISBN: 019261592- 0 

1.25 Non- invasive respiratory support

Introduction
Respiratory support is needed when the patient fails to 
sustain an adequate airway, oxygenation or ventilation, 
despite treatment of the condition leading to respiratory 
failure. Respiratory failure may result from:

 O respiratory illnesses
 O severe shock
 O coma
 O convulsions
 O meningo- encephalitis
 O neuromuscular disorders
 O raised intracranial pressure (e.g. from trauma).

Infants and young children are more likely to progress to 
respiratory failure because:

 O they are more susceptible to infection
 O their airway is smaller
 O their thoracic cage is more compliant
 O their ribs are (nearer) horizontal
 O their respiratory muscles are more prone to fatigue.

Pregnant women and girls are also more susceptible to 
respiratory failure. They have reduced immune function, 
an expanding abdominal mass which impairs lung expan-
sion, and are more prone to gastro- oesophageal refl ux and 
aspiration of gastric contents.

As respiratory failure progresses, it will ultimately lead 
to cardiorespiratory arrest and death. Thus recognition of 
the severity of the conditions that lead to respiratory failure, 
followed by appropriate treatment, will reduce morbidity 
and mortality.

Use of respiratory support
The following clinical signs should be observed when 
assessing the adequacy or inadequacy of breathing:

 O intercostal, sub- costal and supra- sternal recession
 O respiratory rate
 O inspiratory and expiratory noises
 O use of accessory muscles
 O adequacy of breath sounds and chest expansion
 O heart rate
 O skin colour
 O mental status.

To help to assess the development of respiratory failure, it 
is necessary to assess changes in the clinical signs listed 
above. In the following situations, however, these signs 
are less useful because there is absent or decreased work 
of breathing:

 O in patients with fatigue or exhaustion (e.g. after pro-
longed respiratory effort)
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 O in those with cerebral depression due to raised intrac-
ranial pressure, poisoning or encephalopathy

 O in children with neuromuscular disease.

In these cases, pay more attention to the chest expan-
sion and air entry on auscultation of the chest, heart 
rate, skin colour, mental status and, if available, SaO2 
measurement.

Pulse oximetry measures the arterial oxygen saturation 
through the skin (SpO2 or SaO2). Values of SpO2 lower 
than 94% in air at sea level (for values at high altitude, see 
Section 5.1.D) are abnormal and would warrant at least 
initial treatment with additional inspired oxygen. Values 

of less than 85% in oxygen are very low, but even values 
greater than 95% in oxygen may be associated with signifi -
cant hypoventilation. It is essential to remember that, in 
respiratory failure, even a normal SaO2 while receiving 
additional inspired oxygen is likely to be associated 
with significant hypoventilation or intrapulmonary 
shunting. Measurement of transcutaneous, end- expired 
or blood carbon dioxide levels will confi rm this.

When respiratory fatigue is severe, oxygenation is poor 
or deteriorating, or carbon dioxide levels are raised, respira-
tory support should be used, if available. The various forms 
of respiratory support are outlined in Table 1.25.1, along 
with their indications.

TABLE 1.25.1 The various forms of respiratory support, with nursing care and medical treatment required, and examples of relevant 
conditions treated

Mode of 
respiratory 
support

Interface with 
patient

Level of 
nursing care

Associated 
medical treatment

Clinical use Examples of relevant 
conditions treated

High- fl ow 
high- humidity 
oxygen

Nasal cannulae Home, ward, 
HD

Nil To provide a fl ow above the 
patient’s needs, that helps 
to wash out dead space, 
and improves comfort and 
clearance of the airways. It 
may provide mild CPAP

Bronchiolitis, post- 
operative, chronic lung 
disease of prematurity

Continuous 
positive airways 
pressure 
(CPAP)

Nasal cannulae or 
nasopharyngeal 
tube

HD Sedation or 
analgesia may be 
needed

To keep the upper and 
lower airways patent and 
maintain adequate lung 
volume (oxygenation)

Neonatal respiratory 
distress syndrome, 
bronchiolitis*

Nasal mask or 
face mask

Home, ward, 
HD

Nil Sleep- related upper 
airway obstruction

Intensive care 
(IC)

Sedation or 
analgesia may be 
needed

Acute upper airway 
obstruction before, 
instead of* or after 
extubation

Intermittent 
positive 
pressure 
ventilation 
(IPPV)

Nasal mask or 
pillows, face mask 
(NIPPV)

Home to IC Nil To treat hypoventilation 
(raised CO2) when airway 
control and clearance are 
adequate

Chronic (e.g. central, 
neuromuscular)

Acute (e.g. after 
surgery)

Endotracheal tube IC Anaesthesia for 
intubation.

Sedation or 
analgesia will be 
needed

To treat hypoventilation 
when clearance/support 
of airway(s), or when close 
control of ventilation is 
needed

Procedures or surgery 
requiring anaesthesia

Severe respiratory 
illnesses, raised 
intracranial pressure

Tracheostomy Home to IC ENT surgical 
procedure

Long- term ventilation 
where day and night 
support is needed

Brainstem/high spinal 
injury or neuromuscular 
disease 

Continuous 
negative 
extrathoracic 
pressure 
(CNEP)

Chamber or jacket Home to IC Nil To keep the lower airways 
patent and maintain 
adequate lung volume

Bronchiolitis and other 
severe lower respiratory 
infections, especially 
where the nose is 
blocked by secretions

Intermittent 
negative 
pressure 
ventilation 
(INEP or INPV)

To treat hypoventilation 
where airway control and 
clearance are adequate or 
maintained by CPAP

Central hypoventilation 
(e.g. apnoea of 
prematurity or 
neuromuscular disease)

HD, high dependency; IC, intensive care.

Shaded areas are those that require a lower dependency of care (e.g. they have been used in the home setting), but may be useful in 
acute conditions.

* High- risk situation, in which CPAP may be ineffective and intubation may be required.
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Notes on the use of positive pressure 
ventilation
 1 Monitoring of patient status and either airway or extra- 

thoracic pressures is necessary when undertaking 
any form of respiratory support except for high- fl ow, 
high- humidity oxygen (see below).

 2 Positive airway pressure involves a fl ow of air or other 
gas mixture to the patient’s airways. This fl ow may be 
continuous (as in CPAP) or intermittent (as in IPPV). It 
may vary with inspiration and expiration (as in BiPAP), 
or to accommodate the leaks or variable compliance 
of ventilator tubing, airways or lung units.

 3 Mask ventilation can be well tolerated by children, but 
it may be more diffi cult for infants and young children 
to tolerate appliances on their face.

 4 In the presence of excess airway secretions or an open 
mouth, nasal masks and nasal cannulae may not pro-
duce as effective airway pressures as ventilation with 
tracheal intubation (or relatively higher pressures may 
be needed to achieve the same effect).

 5 The pressures used with masks and cannulae may 
be higher than those used with tracheal intubation, 

because of the greater potential for air leaks and other 
volume loss in compliant upper airway structures.

 6 Infants and young children will sometimes only tolerate 
masks and cannulae if sedation is used, in which case 
close monitoring of respiratory failure must be under-
taken in case full intubation and ventilation are needed.

 7 Endotracheal intubation should be undertaken with 
rapid- sequence drug or gaseous induction, and sub-
sequent analgesia, anxiolysis and sedation must be 
provided.

 8 Positive pressure ventilation administered through an 
endotracheal tube must be accompanied by adequate 
humidity of the inspired gases.

 9 Oxygen may be administered either using a built- in 
mixer in the ventilator, or by entraining a supply in the 
ventilator tubing nearer to the patient.

 10 Positive pressure ventilators should be able to pro-
vide manipulation of either the pressure or volume 
administered, and the time intervals for inspiration and 
expiration. There should be alarms for failure to cycle, 
and for excessive pressure/volume administered.





Section 2
Pregnancy- 

related problems 
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2.1 Antenatal care and the hospital

Introduction
For a variety of logistic and cultural reasons in resource- 
limited countries, the fi rst time a woman attends a health 
facility during pregnancy may be because of a medical 
problem or because she is in labour. This often means that 
she is medically compromised even before giving birth, and 
at high risk of morbidity and mortality.

Antenatal care in such settings tends to be oppor-
tunistic, and the ways in which care is delivered must be 
innovative and optimised to ensure that comprehensive care 
reaches as many pregnant women and girls as possible. 
This might mean outreach teams going out to the rural 
areas (‘trekking’), rather than the women having to make 
the long journey to the healthcare facility, often on foot. 
Usually the staff who undertake such visits are midwives 
and nurses, rarely doctors. 

Such problems particularly affect rural areas at long 
distances from the nearest facility and where roads are poor. 
Hospital workers have a duty to ensure that they work with 
the community health teams to facilitate antenatal care.

Defi nitions of pregnancy- related events
Maternal mortality is the death of any woman or girl, 
from any cause, while pregnant or within 42 days of 
the end of pregnancy.

Gravidity is the number of times that a woman or girl 
has been pregnant. Parity is the number of times that she 
has given birth to a fetus with a gestational age of 24 weeks 
or more, regardless of whether the child was born alive or 
was stillborn. 

For example, in gravida 2:para 2 (G2 + P2) the woman 
or girl has had two pregnancies and two deliveries after 
24 weeks, and in gravida 2:para 0 (G2 + P0) the woman 
or girl has had two pregnancies, neither of which survived 
to a gestational age of 24 weeks. If these individuals are 
both currently pregnant again, they can be referred to as 
G3 + P2 and G3 + P0, respectively.

 O A nulliparous woman or girl has not given birth previ-
ously (regardless of outcome).

 O A primigravid woman or girl (a primigravida) is in her 
fi rst pregnancy.

 O A primiparous woman or girl has given birth once. 
 O A multigravid woman or girl (a multigravido) has been 

pregnant more than once.
 O A multiparous woman has given birth more than once.
 O A grand multipara is a woman who has already delivered 

four or more infants who have achieved a gestational age 
of 24 weeks or more. Such women are considered to be 
at higher than average risk in subsequent pregnancies.

 O A grand multigravida has been pregnant four times 
or more.

Multiple pregnancies present a problem with regard to termi-
nology. A multiple gestation counts as a single event, and a 
multiple birth, should be interpreted as a single parous event.

Rationale for antenatal care 
Antenatal care is primarily a means of screening for, diag-
nosing, and treating conditions which could cause problems 
during the pregnancy, at delivery and after birth. These 
conditions may be pre- existing maternal medical disorders 
or obstetric or fetal complications which arise during the 
pregnancy itself.

Basic antenatal care
Two conditions are of particular importance to detect and 
manage antenatally, namely pre- eclampsia and anaemia, 
as they contribute to a large proportion of maternal and 
perinatal deaths.

Pre- eclampsia may vary in severity, but commonly 
presents with mildly raised blood pressure and proteinu-
ria, and may progress to full- blown pre- eclampsia with 
dangerously high blood pressures, heavy proteinuria and 
generalised oedema (see Section 2.5.E). Mild and moder-
ate pre- eclampsia is usually asymptomatic, and therefore 
routine testing of blood pressure and urine in pregnancy is 
crucial to its detection.

Severe pre- eclampsia can be associated with symp-
toms such as headache, visual disturbance and epigastric 
pain, and commonly leads to eclamptic fi ts, cerebrovascular 
accidents or HELLP syndrome (Haemolysis, Elevated Liver 
enzymes and Low Platelets), all of which carry a very high 
mortality. Timely intervention, by lowering the blood pres-
sure, delivering the baby and treating fi ts if they occur, may 
be life- saving.

It is also vitally important to detect and treat anaemia 
antenatally, to reduce the woman’s risk of dying should she 
experience a postpartum haemorrhage (see Sections 2.5.B 
and 2.8.D). 

As far as possible there should be a structured approach 
to antenatal care. (A card or booklet designed and imple-
mented by individual Ministries of Health for pregnant 
women or girls to keep and bring to clinics is helpful.) At 
the fi rst encounter, an attempt should be made to obtain 
as full a history as possible, time permitting. This should 
include the following details:

 O the date of the last menstrual period (LMP), regularity 
of the menstrual cycle, any contraceptive usage, the 
date of the positive pregnancy test (if available), and any 
particular complaints in pregnancy to date

 O the previous obstetric history, including complications, 
mode of delivery and outcome

 O the previous medical history
 O the family history, especially with regard to hyperten-

sion, diabetes mellitus, multiple births and congenital 
abnormalities

 O use of drugs, smoking, and alcohol consumption
 O allergies.

The patient must always be examined.
 O Look for signs of anaemia (pallor, leuconychia or white 
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nails, koilonychia or spoon- shaped nails, and angular 
stomatitis), malnutrition, oedema and other medical 
conditions unrelated to the pregnancy. 

 O The blood pressure must be measured, and ideally the 
woman should be weighed.

 O The chest should be examined for cardiac and respira-
tory signs. 

 O Abdominal inspection and palpation should be done, 
looking for scars and checking for signs of pregnancy, 
including measurement of the symphysio- fundal height 
and feeling for the number of fetuses, fetal lie and pres-
entation, and engagement of the presenting part (see 
Figures 2.1.1 and 2.1.2). 

 O An attempt should be made to auscultate the fetal heart 
with a Pinard’s stethoscope, if the uterus is palpable 
abdominally.

Accurate dating of the pregnancy is important, as it 
infl uences decision making during the antenatal period, 
particularly around the timing of delivery and whether this 
is by Caesarean section (CS) or induction of labour. It also 
aids assessment of the maturity of the fetus if the mother 
goes into spontaneous labour early.

Bimanual examination, which must be undertaken in 
an aseptic and careful way (especially if there could be 
an ectopic pregnancy), is a useful diagnostic tool for dat-
ing an early pregnancy (in conjunction with the menstrual 
date), and in the absence of scanning facilities might be 
the only available means of calculating the estimated date 
of delivery (EDD).

At around 4 weeks’ gestation, the cervix starts to 
change in colour and texture, feels soft and acquires a bluish 
tinge which may be visualised on speculum examination. 
The uterus fi rst becomes palpable abdominally at around 
12 weeks’ gestation.

Prior to this an estimation of gestational age can be 
obtained from vaginal examination by assessing uterine 
size with the following comparisons:

 O 6 weeks is equivalent to a plum or golf ball
 O 8 weeks is equivalent to a tennis ball
 O 10 weeks is equivalent to an orange
 O 12 weeks is equivalent to a grapefruit
 O 14 weeks is equivalent to a small melon (palpable 

abdominally).

The accuracy of clinical assessment may be reduced by 
obesity, fi broids, and if the uterus is retroverted. 

Multiple pregnancy and molar change can also lead to a 
pregnancy larger than dates. At follow- up visits, the history 

and examination can be more focused on pregnancy events 
since the last visit. Examination should look for signs of 
intercurrent problems, anaemia and oedema. At every visit, 
the blood pressure must be measured and the abdomen 
palpated to check on the progress of pregnancy.

At all visits after 20 weeks there should be direct ques-
tioning for symptoms of pre- eclampsia. If the blood pressure 
is elevated or rapidly progressive oedema is present, a urine 
sample must be tested for protein.

Prior to the due date, there should be a discussion 
about the mode and place of delivery for women with a 
previous Caesarean section scar. Birth attendants and 
family members must be informed that there is a high risk 
of scar rupture, and the woman must deliver in a healthcare 
site where emergency facilities are available if needed. 

They should also be informed of any concerns you may 
have which might put them at risk of needing intervention 
at delivery (e.g. twins, a high fetal head at term). These 
would indicate that they must deliver at an appropriate 
healthcare facility. 

Ideally, there should be waiting homes near the health-
care facility where comprehensive emergency obstetric care 
(EmOC) is available, set up by the regional health teams, to 
which they and their attendants can move near to the time 
of delivery so that they do not have to make a long and 
potentially dangerous journey while in labour. 

All of these details, along with the results of any 
investigations, should be noted on a small hand- held 
record (http://eepd.org.uk/wiki/index.php?title=Hand_
Held_Records) which the pregnant woman or girl is 
encouraged to carry with her at all times throughout 
the pregnancy. 

As the pregnancy progresses, the uterus continues to 
grow and has usually reached the level of the umbilicus by 
20–24 weeks (see Figure 2.1.1). Measuring the height of 
the fundus above the symphysis pubis can also provide a 
good indication of the growth and gestation of the fetus. 
The woman should fi rst empty her bladder. The measure-
ment is then made by placing the zero point of the tape 
measure on the upper border of the symphysis and taking 
the tape along the uterus in a longitudinal direction to the 
upper border of the fundus, with the mother lying in the left 
lateral tilt position. 

Between 20 and 34 weeks’ gestation, the length of 
this measurement (in centimetres) should correspond to 
the gestational age in weeks of a well- grown fetus (see 
Figure 2.1.2).

FIGURE 2.1.2 Measuring fundal height.FIGURE 2.1.1 Average size of normal gravid uterus at different 
gestations.
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A difference of more than 2 cm too long or too short 
can indicate complications such as multiple pregnancy 
(too long), intrauterine growth retardation (too short), or 
inaccurate measurements of the estimated date of delivery. 

It should be recognised that fundal height is not an 
accurate assessment of gestation or fetal size. Even in the 
absence of confounding factors such as multiple gestation 
and poly/oligohydramnios, it varies widely depending on 
the height and weight of the mother and lie of the fetus. In 
addition, the ‘normal’ fetal size also varies widely depending 
on patient build and ethnic origin.

Antenatal investigations and interventions
 O Ideally a full blood count should be done at least once 

during the pregnancy, to check the haemoglobin level 
and, if possible, the red cell indices. Portable systems 
for measuring haemoglobin include the haemocue and 
WHO colour card from a fi nger prick sample, or per-
haps, in the future, percutaneous measurement using 
a transcutaneous haemoglobinometer (currently under 
development by Masimo).

 O Urinalysis must be performed at every visit, to check for 
protein and glucose.

 O Screening for bloodborne viruses (hepatitis B and C 
and HIV) is not always available (see Section 1.8). All 
mothers should be advised of the risks involved, and 
of the precautions they can take to reduce the risk of 
transmission. Healthcare professionals also need to be 
made aware of universal precautions and adhere to 
them at all times.

 O Serum samples should be taken for blood grouping 
and Rhesus status.

 O All women should be tested for and when appropriate 
treated for syphilis (see Section 2.8.H). 

ABO and Rhesus incompatibility 
At a mother’s fi rst visit to the healthcare site, blood should 
be taken for ABO typing, determination of Rhesus (Rh) 
status and detecting the presence of harmful antibodies.

The main antibodies of concern are anti- D (usually 
acquired following feto- maternal haemorrhage), anti- c and 
anti- kell (which usually follow blood transfusion), all of which 
can cause severe haemolytic disease of the newborn. ABO 
incompatibility can also cause neonatal jaundice in one in 
30 cases. 

Potential Rh- D sensitising events for a Rhesus- negative 
mother include miscarriage, termination of pregnancy, 
ectopic pregnancy, antepartum haemorrhage, and invasive 
procedures such as external cephalic version. If the mother 
is not given anti- D immunoglobulin after such events, a 
second challenge will lead to a massive rise in anti- D anti-
bodies in the mother’s circulation, which can then cross the 
placenta and destroy Rhesus- positive fetal cells, causing 
fetal anaemia. The anti- D immunoglobulin should ideally be 
given within 3 days of the sensitising challenge, but may 
be effective when given up to 13 days after the challenge. 
The WHO recommends 125 IU per mL of fetal red blood 
cells found in the maternal circulation. A Kleihauer test can 
be performed to identify the presence and quantity of feto- 
maternal haemorrhage. In well- resourced countries, a dose 
of 250 IU of anti- D immunoglobulin is given before 20 weeks’ 
gestation, and 500 IU after 20 weeks. (This is almost always 
adequate but additional units are given if the Kleihauer test 
indicates a larger feto- maternal haemorrhage.)

Due to limited infrastructure, blood bank facilities will not 
be available at all healthcare sites, but staffed laboratories 
should be available in district hospitals where the serum 
sample, taken at the healthcare site, adequately labelled 
and batched, can be sent for processing. 

Immunisation and antimalarial prophylaxis
Routine administration of anti- tetanus toxoid should be 
offered to all women to reduce the risk of neonatal and 
maternal tetanus. For women who have never received 
tetanus toxoid vaccine, or who have no documentation of 
such immunisation, a total of fi ve doses is recommended – 
two doses given 1 month apart in the fi rst pregnancy, then 
one dose in each subsequent pregnancy (or at intervals of 
at least 1 year), up to a total of fi ve doses.

A single dose does not offer adequate protection, and 
as the highest level of antibody occurs 24 weeks follow-
ing the second dose, ideally this should be given around 
16 weeks’ gestation, with the fi rst dose being given at least 
4–8 weeks earlier in the fi rst trimester, if early attendance 
allows this. 

Intermittent antimalarial prophylaxis should also be 
offered. Among its other advantages, this may reduce the 
burden of severe anaemia (see Section 2.8.D).

Ultrasound scanning 
Facilities for ultrasound scanning in this setting are usually 
limited. There may be no funding for a machine. If there 
is a machine, the staff need to be adequately trained and 
have the time to use it. Scanning can be useful for assess-
ing the site of pregnancy, the period of gestation, viability, 
the number of fetuses, presentation and the progress of 
the pregnancy. If the image quality is good enough, it may 
also allow the detection of abnormalities, and although 
intervention might not be possible, this would mean that 
problems could be anticipated, delivery planned and the 
mother counselled appropriately.

Specifi c antenatal problems
It is not possible to discuss the management of every 
antenatal condition here. Conditions such as anaemia, 
hypertension and diabetes, which are common compli-
cations of pregnancy and becoming increasingly so, are 
discussed in detail elsewhere in this textbook. 

Hyperemesis 
Some nausea and vomiting is common in early pregnancy. 
However, in a small proportion of patients, severe vomiting 
(hyperemesis) can occur. This condition is more common 
where there is a larger than normal placental mass (e.g. in 
multiple pregnancy and molar pregnancy). 

Signs of dehydration such as tachycardia, dry mucous 
membranes and a slow skin pinch can develop. The patient 
often develops ketoacidosis, which makes the nausea and 
vomiting worse. For details on managing this condition, 
see Section 2.6.I.

Organising an effective antenatal care 
system
Blood bank facilities 
A functional and effective blood transfusion service (see 
Section 1.7) is a vital component of a national health system. 
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The WHO expects all countries to have national policies 
and a legislative framework for blood safety, with a centrally 
coordinated and quality system in place. Ideally, all donors 
should be unpaid volunteers, and unnecessary transfusion 
should be avoided. Currently there are large discrepancies 
between wealthy and resource- limited countries in the 
availability of this service.

Antenatal care networks
One important factor in the delivery of an effective antenatal 
service is establishing good networks between the com-
munity and the healthcare facilities in which births occur.

As was mentioned in the introduction to this section, 
‘trekking’ is the setting up of an outreach service by which 
healthcare providers go to the women, rather than vice 
versa. This serves to offset the problems of distance and 
lack of transportation, and may be the fi rst step in facilitat-
ing these linkages, as the staff have an opportunity to offer 
education to the mothers, birth attendants, family and 
community members on the potential benefi ts for women of 
delivering in a healthcare facility. The staff can also advise on 
warning signs to look out for, and on emergency measures 
that can be taken before professional help arrives. 

Patients and their attendants need to know that they 
will receive the care they need regardless of whether 
or not they can afford it. 

Perhaps most importantly, hospital staff need to reiterate 
the vital role that community members can have in averting 

a tragedy. This will hopefully reduce suspicion and encour-
age early communication when help is needed, so that 
critical delays in getting help to a mother can be avoided. 
A local emergency taxi service set up in each village, and 
ideally funded by the community and available at all times 
for women to be taken to the healthcare facility, is one way 
of addressing this. 

One of the responsibilities of the regional health teams 
is to provide waiting homes near to a health facility, pro-
viding comprehensive EmOC, as mentioned earlier, where 
the high- risk expectant mother and her family members 
can stay for a short period prior to the birth in case an 
emergency arises.

If help is summoned following an emergency in the 
community, an emergency ambulance system, manned 
by personnel who have been trained in resuscitation and 
stabilisation, can be used for retrieval, further reducing 
the delay before the mother fi rst receives skilled care (e.g. 
wheelbarrow ambulances, http://niaje.com/blog/kiberas-
wheelbarrow-ambulance-innovation-out-of-necessity/).

Conclusion 
The main keys to providing effective antenatal care are 
education on the role that it plays and emphasis on the 
importance of teamwork by all of the parties involved, to 
ensure the best possible outcome for both mother and 
baby.

2.2 Nursing pregnant women and girls in hospital 
(midwifery) 

Introduction
Irrespective of where midwifery care is provided, there are 
universal requirements that should govern the provision 
of care: 
1 provision of a safe healthcare environment for patients 

and staff
2 respectful and compassionate care for women, the 

neonate(s) and the family
3 skilled and competent staff to provide a good standard 

of evidence- based care 
4 health education and promotion.

These areas of critical importance are further considered 
and described concisely in the subsections below. More 
detailed information on each area can be found in the refer-
ences listed at the end of this section.

The global human resources target for effective delivery 
of obstetric care is one skilled birth attendant (SBA) for 
every 100 expected births. SBAs are defi ned as midwives, 
nurses, health offi cers, medical doctors and obstetricians/
gynaecologists.

Defi nition of maternal death
In every action that is undertaken as part of midwifery, the 
prevention of maternal death must be the fi rst priority. 

According to the WHO, pregnancy- related death is 
defi ned as the death of a woman or girl while pregnant or 
within 42 days of the termination of pregnancy, irrespective 
of the cause of death.

Safe environment
WHO checklist
The WHO has recently produced a helpful checklist for 
patient safety with regard to childbirth (www.who.int/
patientsafety/implementation/checklists/en/index.html).

Infection control 
The microorganisms that cause infection can be transmitted 
to patients and staff by several routes. These include aero-
sol, droplet (e.g. coughing and sneezing) and faecal–oral 
routes, direct contact (person to person), indirect contact 
(through contaminated food or water, contaminated sur-
faces or objects), via blood and body fl uids, and via insects 
and parasites. It is vital that basic infection control practices 
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TABLE 2.2.1 Elements of the WHO Safe Childbirth Checklist

Checklist item Qualifying caption

On admission of the mother to the birth facility

Does the mother need referral? � Yes, organised According to the facility’s criteria

� No

Partograph started? � Yes Start plotting when cervix is * 4 cm, then cervix should dilate * 
1 cm/hour. Every 30 minutes, plot heart rate, contractions and fetal 
heart rate. Every 2 hours, plot temperature. Every 4 hours, plot 
blood pressure

� No, will start 
when * 4 cm

Does the mother need to start 
antibiotics?

� Yes, given Give if temperature is * 38°C, or if there is a foul- smelling vaginal 
discharge, rupture of membranes longer than 18 hours, or labour 
longer than 24 hours

� No

Does the mother need to start 
magnesium sulphate?

� Yes, given Give if (1) diastolic blood pressure is * 110 mmHg and 3+ 
proteinuria, or (2) diastolic blood pressure is * 90 mmHg and 2+ 
proteinuria, and any of the following: severe headache, visual 
disturbance or epigastric pain

� No

Does the mother need to start 
antiretroviral medicine?

� Yes, given Give if the mother is HIV positive and in labour

� No

� Supplies are available for cleaning 
hands and wearing gloves for each 
vaginal examination

� Birth companion encouraged to be 
present at birth

� Confi rm that the mother and/or 
companion will call for help during labour 
if the mother has a danger sign 

Call for help if the mother has bleeding, severe abdominal pain, 
severe headache, visual disturbance, urge to push, or diffi culty 
emptying bladder

Just before pushing (or before Caesarean section)

Does the mother need to start 
antibiotics?

� Yes, given Give if temperature is * 38°C, or if there is a foul- smelling vaginal 
discharge, rupture of membranes longer than 18 hours now, labour 
longer than 24 hours, or Caesarean section

� No

Does the mother need to start 
magnesium sulphate?

� Yes, given Give if (1) diastolic blood pressure is * 110 mmHg and 3+ 
proteinuria, or (2) diastolic blood pressure is * 90 mmHg and 2+ 
proteinuria, and any of the following: severe headache, visual 
disturbance or epigastric pain

� No

Are essential supplies at the bedside for 
the mother?

� Gloves Prepare to care for the mother immediately after birth: (1) Exclude 
the possibility of a second baby, (2) Give oxytocin within 1 minute, 
(3) Use controlled cord traction to deliver the placenta, (4) Massage 
the uterus after the placenta has been delivered

� Soap and 
clean water

� Oxytocin 10 IU 
in syringe

Are essential supplies at the bedside for 
the baby?

� Clean towel Prepare to care for the baby immediately after birth: (1) Dry 
the baby and keep them warm, (2) If the baby is not breathing, 
stimulate and clear the airway, (3) If they are still not breathing, cut 
the cord, ventilate with bag and mask, and (4) shout for help

� Sterile blade to 
cut cord

� Suction device

� Bag and mask
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Checklist item Qualifying caption

� Has an assistant been identifi ed and 
informed to be ready to help at birth if 
needed?

Soon after birth (within 1 hour)

Is the mother bleeding too much? � Yes, shout for 
help

If blood loss is * 500 mL, or if blood loss is * 250 mL and the 
mother is severely anaemic, massage the uterus, consider 
additional uterotonic drugs, start an intravenous line, and treat the 
cause

� No

Does the mother need to start 
antibiotics?

� Yes, given Give antibiotics if the placenta is manually removed, or if the 
temperature is * 38°C and any of the following are present: foul- 
smelling vaginal discharge, lower abdominal tenderness, rupture 
of membranes longer than 18 hours at time of delivery, or labour 
longer than 24 hours at time of delivery

� No

Does the mother need to start 
magnesium sulphate?

� Yes, given Give if (1) diastolic blood pressure is * 110 mmHg and 3+ 
proteinuria, or (2) diastolic blood pressure is * 90 mmHg and 2+ 
proteinuria, and any of the following: severe headache, visual 
disturbance or epigastric pain

� No

Does the baby need a referral? � Yes, organised According to the healthcare facility’s criteria

� No

Does the baby need to start antibiotics? � Yes, given Give these if antibiotics were given to the mother, or if the baby has 
any of the following: breathing too fast (> 60 breaths/minute) or too 
slow (< 30 breaths/minute), chest in- drawing, grunting, convulsions, 
no movement on stimulation, or too cold (temperature < 35°C and 
not rising after warming) or too hot (temperature > 38°C)

� No

� Does the baby need special care and 
monitoring?

Recommended if more than 1 month early, birth weight 
< 2500 grams, needs antibiotics, or required resuscitation

Does the baby need to start an 
antiretroviral drug?

� Yes, given Give antiretroviral drug if the mother is HIV positive

� No

� Started breastfeeding and skin- to- skin 
contact (if mother and baby are well)?

� Confi rm that the mother or companion 
will call for help if:

The mother has bleeding, severe abdominal pain, severe headache, 
visual disturbance, breathing diffi culty, fever/chills, or diffi culty 
emptying bladder

The baby has fast breathing or diffi culty breathing, fever or is 
unusually cold, stops feeding well, is less active than normal, or the 
whole body becomes yellow

Before discharge

Is the mother’s bleeding controlled? � Yes

� No, treat and 
delay discharge

Does the mother need to start 
antibiotics?

� Yes, given Give if the temperature is > 38°C and any of the following: chills, 
foul- smelling vaginal discharge, or lower abdominal tenderness

� No

Does the baby need to start antibiotics? � Yes, give 
antibiotics, delay 
discharge, and 
give special care 
or refer

Give if the baby is breathing too fast (> 60 breaths/minute) or too 
slow (< 30 breaths/minute), or if there is chest in- drawing, grunting, 
convulsions, no movement on stimulation, too cold (temperature 
< 35°C and not rising after warming) or too hot (temperature 
> 38°C), has stopped breastfeeding well, or there is umbilical 
redness extending to the skin or draining pus

� No

Is the baby feeding well? � Yes
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are adhered to in order to reduce or eliminate the sources 
and spread of infection (see Section 1.2). 

Situations in which equipment, treatment rooms and 
delivery beds are covered in dirt, old blood and rat drop-
pings, with goats and pigs wandering freely through the 
grounds and rats nesting in incubators and other equip-
ment (all of which can be seen in resource- limited settings 
in public health facilities) are unacceptable and a source 
of infection. It is important to understand the reasons why 
women are developing serious wound infections post 
Caesarean section, which include, for example, over-
crowded recovery rooms, with beds and surroundings not 
cleaned properly for months. 

Washing hands between patients and after all invasive 
procedures is one of the infection control procedures that 
is of paramount importance, as dirty hands play a large 
part in spreading infection. Facilities for handwashing (i.e. 
a basin and clean towels), plus the availability of soap and 
water, are essential within any ward or healthcare facility. 

It is also extremely important to ensure that any equip-
ment used for the care of patients is cleaned after every use, 
with anything broken being replaced or mended. It is also 
necessary for the equipment to be stored in a clean and 
tidy area, so that it does not become contaminated when 
not in use. This will ensure that vital equipment is kept clean 
and in working order, ready to be used safely at any time. 

An example of a situation where the above basic mini-
mum standards are not met is the absence of clean oxygen 
tubing with nasal cannulae to help a baby to survive, and 
only dirty equipment available, with nothing to thoroughly 
clean it. There is then the dilemma of whether to use the 
unclean equipment with the associated severe risk of infec-
tion to the sick infant. 

The environment in which women and babies are 
cared for also needs to be regularly cleaned. This includes 
regular cleaning of trolleys, bedding and sanitation facili-
ties. Omission of these tasks will lead to the harbouring of 
infection, whether this is through direct or indirect contact 
or by the attraction of fl ies and mosquitoes to dirty surfaces 
or pools of fl uid. 

It is appreciated that, in some healthcare facilities, 
cleaning solutions (e.g. disinfectant) can be diffi cult to 
obtain because of lack of supplies or their cost making 
them unavailable. Using basic soap and water or even just 
cooled boiled water is better than not cleaning at all, and 
will remove microorganisms and the organic matter on 
which they thrive. 

Instruments and other equipment that penetrates skin 
or mucous membranes or enters the vascular system or 
sterile spaces needs to be free of viable microorganisms, 
including viruses and bacterial spores. This is achieved by 
sterilising the equipment, usually in a hot oven or autoclave. 
It is important that the healthcare staff maintain the ovens 
and/or autoclaves in working order. They also need to fully 
appreciate how the process of sterilisation works. It is not 
appropriate for instruments to be placed in hot ovens or 
autoclaves without fi rst cleaning them to remove visible 
blood and organic debris. Another common mistake is for 
healthcare staff to remove sterilised instruments and then 
proceed to cool them off using unsterilised water from the 
roof or tap. 

Healthcare staff should wear protective clothing when 
indicated, if it is available. This includes new sterile gloves 
for every invasive procedure, and disposable or cleanable 
plastic aprons to avoid contamination of uniforms with 
bodily fl uids during messy or potentially messy procedures.

Another extremely important element of infection control 
is to ensure that healthcare staff have received appropriate 
training in the disposal of used sharps (e.g. needles) into 
sharps boxes. The process for removal of these full sharps 
boxes from the health facility, and their incineration, also 
needs to be clear and robust, to prevent contaminated 
sharps from ending up on the local village dump, where 
children often scavenge and play. 

Physical safety
The safety of the physical environment in which women and 
their babies are cared for is also very important, and staff 
need to give this full consideration. Broken beds and equip-
ment can be dangerous. The former may collapse, and 
the latter may have sharp edges that can cause a wound. 
Babies can fall off high surfaces if these are not guarded. 

Respectful and compassionate care
A good midwife or healthcare worker will treat every woman, 
irrespective of her personal circumstances, with compas-
sion and respect. Pregnancy, labour, delivery and the 
postnatal period can all be anxious times for a woman. It 
is at these times that guiding, supportive and empathetic 
care is required. It is completely unacceptable within any 
society for women to be verbally and physically assaulted 
by their carers. Fellow staff should never tolerate this type 
of behaviour from colleagues towards women. 

Checklist item Qualifying caption

� No, help and 
delay discharge

� Family planning options discussed 
and offered to mother

� Confi rm that the mother or companion 
will call for help after discharge if:

The mother has bleeding, severe abdominal pain, severe headache, 
visual disturbance, breathing diffi culty, fever/chills, or diffi culty 
emptying bladder

The baby has fast breathing or diffi culty breathing, fever or is 
unusually cold, stops feeding well, is less active than normal, or the 
whole body becomes yellow

� Follow- up arranged for mother and 
baby
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Good care will involve providing full, understandable 
explanations of any required interventions to the woman 
and her family, with the woman giving her consent to those 
interventions. 

When in labour, women often fi nd the intense pain 
of contractions easier to bear if they can be upright and 
moving about. This position is also better physiologically, 
as it promotes the progress of labour and promotes the 
well- being of the fetus. In most cases this is the position 
which should be encouraged until delivery is imminent. The 
position for delivery should, where possible, be the one that 
the woman prefers (e.g. upright or squatting), but this will 
also be dictated by the type of delivery and the degree of 
observation of the mother and her baby that is required. 
Women should not be instructed by their carers to lie fl at 
on a hard trolley for almost their entire labour, as there is no 
necessity for them to do so, and this position is detrimental 
to the progress of labour and to the well- being of the fetus. 

It is also important during labour and delivery to ensure 
that the basic care needs of women for a comfortable, safe 
environment are met. Light food and drinking water need to 
be available, with intake of water encouraged throughout 
labour to prevent dehydration. Ideally a relative or friend 
should be able to stay with the woman during labour and 
delivery to provide emotional support throughout. However, 
this may not always be possible in the very cramped, busy 
delivery wards that exist in some countries. If this is the 
case, there is all the more need for caring, empathetic 
staff. Strong analgesics for pain relief during labour may 
be unavailable in developing countries, and therefore these 
women often require greater resilience and coping skills, 
so encouragement and support from healthcare staff and 
the family is crucial throughout this time. 

Skilled and competent staff
Management of emergencies
All midwives, traditional birth attendants and healthcare staff 
who provide maternity care need training to recognise what 
is normal and what is abnormal for both the mother and 
the fetus/neonate. Healthcare workers should know how 
to manage emergency situations relevant to their level of 
knowledge, and when and who to call for help. 

In many areas within resource- limited countries there 
is no accessible surgical or anaesthetic care, and the 
nurse- midwife may well be the last point of referral. The 
nurse- midwife therefore needs to be trained and competent 
in all emergency procedures that may need to be performed 
within the environment in which they work. These emer-
gency procedures are described in more detail within the 
relevant sections of this book. 

General care
In the antenatal period, it will be the midwives’ responsi-
bility to ensure through physical examination, fetal heart 
auscultation, blood pressure monitoring, urinalysis, and 
screening for and treatment of anaemia that the pregnancy 
is progressing satisfactorily (see Section 2.1). WHO rec-
ommends 4 routine antenatal visits: <16, 24–28, 30–32 
and 36–38 weeks gestation, and more frequently if at any 
stage it is identifi ed as a high- risk pregnancy. During the 
pregnancy it may be necessary for the midwife to initiate 
treatment and follow up any problems that are discovered 
(e.g. anaemia, hypertension, infections). 

When a woman goes into established labour her well- 
being and progress should be regularly monitored by 
either the traditional birth attendant or ideally a skilled birth 
attendant. This monitoring should include a 4- hourly check 
of the blood pressure and body temperature, a half- hourly 
check of the maternal pulse and fetal heart rate, and vaginal 
examination 4- hourly in the fi rst stage of labour to check 
that the labour is progressing appropriately. During labour, 
the woman should be encouraged to void urine at regular 
intervals and as a minimum every 4 hours to avoid having 
an overfull bladder which could impede descent of the 
fetus through the birth canal. For poor progress in labour, 
amniotomy and/or careful augmentation with oxytocin may 
be indicated.

All observations that are recorded in labour should be 
recorded on a WHO partograph. Use of the partograph will 
help healthcare staff to recognise poor labour progress and/
or observations of concern. 

Fetal heart auscultation with a Pinard’s stethoscope or 
portable Doppler ultrasound device (e.g. a Sonicaid) also 
needs to occur regularly, although the required frequency of 
the latter in the fi rst stage of labour will be determined by the 
availability of facilities for performing an urgent Caesarean 
section for fetal distress. Once the second stage of labour 
has been reached the woman will usually start to experience 
the urge to push, and the midwife should encourage push-
ing in normal labour once this urge is suffi ciently intense. 
Vaginal examinations should then occur at least hourly to 
assess progress if delivery is not imminent. At this stage 
it can be possible to deliver the fetus more rapidly (if the 
fetal heart rate is indicating signs of distress) by using epi-
siotomy, forceps or ventouse. The second stage of labour 
can be particularly stressful for the fetus and therefore in 
the second stage the fetal heart should be auscultated at 
least every 15 minutes to determine signs of distress that 
would necessitate an accelerated delivery. 

During delivery, the nurse- midwife needs to assist the 
woman in having a controlled delivery in order to avoid 
perineal trauma and/or harm to the newborn child. Active 
management of the third stage of labour by a skilled 
birth attendant with oxytocin is essential. Sterile delivery 
equipment needs to be available. At the very least in the 
community for the traditional birth attendant this should 
include a sterile instrument to cut the cord, with a sterile 
cord clamp and/or ties. 

As previously stated, the healthcare worker needs to 
be constantly alert for any deviation of labour and delivery 
away from the normal (e.g. premature delivery, twin deliv-
ery, haemorrhage, hypertension, etc.), so that care can be 
adapted accordingly and emergency assistance sought if 
it is required and available. 

The healthcare worker needs to be able to perform basic 
resuscitation of the newborn if this is required at delivery. 
Therefore bag- valve- mask resuscitation equipment needs 
to be readily available to healthcare staff trained in its use, 
including traditional birth attendants. 

In addition, during the postnatal period the healthcare 
worker will need to ensure that they have the skills and 
knowledge necessary to provide appropriate care for the 
mother and child. This will include monitoring the progress 
of both mother and child, again being able to recognise the 
abnormal and initiate and/or provide the appropriate care to 
address any problems. The healthcare worker will need to 
be able to give all necessary advice to the mother and her 
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family on her postnatal recovery and childcare, including 
advice and support with infant feeding. 

Health education and promotion
The midwife or healthcare worker should use every inter-
action she has with the woman and her family throughout 
pregnancy, labour and the postnatal period as an oppor-
tunity to provide health advice, promote good health and 
deliver education. This should include antenatal educa-
tion and information on the recognition of danger signs 
occurring at any stage during the pregnancy and in the 
postnatal period, including haemorrhage, abdominal pain, 
reduced fetal movements, severe headache and any other 
signs and symptoms of pre- eclampsia, and the immedi-
ate action to take when these signs occur. The healthcare 
worker also needs to provide education on parenting and 
childcare, again with advice on recognising abnormalities 
in the child, in order to seek appropriate medical advice. 
There will also be an ideal opportunity to give family plan-
ning advice and advice on the necessary immunisations, 

prophylactic treatments and available health screening for 
the whole family. 

Critical incident audit and feedback 
to improve perinatal and maternal 
mortality and morbidity
There is little doubt that this is a vital activity that should 
be undertaken on a regular basis, and that resources and 
time must be made available for this. Effective methods of 
preventing maternal and perinatal mortality are available, 
but the systems of care that should ensure they are put in 
place are frequently impaired. Critical incident reviews are 
potentially a simple cost- effective way of defi ning the local 
problems and pointing the way to local solutions.

Further reading
Pattinson RC, Say L, Makin JD et al. (2005) Critical incident audit 

and feedback to improve perinatal and maternal mortality 
and morbidity. Cochrane Database of Systematic Reviews, 
Issue 4. Art. No.: CD002961. DOI: 10.1002/14651858.
CD002961.pub2. 

2.3 Managing normal labour and delivery

BOX 2.3.1 Minimum standards
 Q WHO partograph
 Q Disinfectant cream for vaginal examinations
 Q Sterile gloves
 Q Fetal heart monitor (Pinard’s or Doppler)
 Q Oxytocin and a safe way of giving it
 Q Amniotic hook
 Q Sterile vaginal speculums
 Q Postnatal care programmes for mother and baby

Basic anatomy to aid understanding of 
the birthing process 

Positions for assisting with delivery of 
the baby
All mothers in labour should be sitting upright or in a lateral 
or semi- recumbent position (see Figure 2.3.3). They should 
not lie fl at on their back, as this causes compression of the 
inferior vena cava and aorta, with reduced cardiac output, 
as well as limited ability to push. They should be encour-
aged to stand and be mobile for as long as is comfortably 
possible.

FIGURE 2.3.2 The baby’s birth path.FIGURE 2.3.1 Basic anatomy of the pelvis.
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Figure 2.3.4 shows delivery on a birth stool. A TBA is 
delivering this mother’s baby, and the husband is helping. 
Sitting up like this helps the uterus to contract, and it also 
makes it easier for the mother to bear down. In addition, 
when the mother opens her legs they act as pivots to help 
to increase the diameter of the pelvis.

The WHO partograph
See World Health Organization (2008) Managing Prolonged 
and Obstructed Labour (http://whqlibdoc.who.int/publica-
tions/2008/9789241546669_4_eng.pdf).

The partograph is a graphic record of the progress of 
labour and relevant details of the mother and fetus. It was 
initially introduced as an early warning system to detect 
labour that was not progressing normally. This would 
allow for timely transfer to occur to a referral centre, for 
augmentation or Caesarean section as required. The par-
tograph indicates when augmentation is needed, and can 
point to possible cephalopelvic disproportion before labour 
becomes obstructed.

It increases the quality and regularity of observations 
made on the mother and fetus, and it also serves as a 
one- page visual summary of the relevant details of labour.

The partograph has been used in a number of countries, 
and has been shown to be effective in preventing prolonged 
labour, in reducing operative intervention, and in improving 
the neonatal outcome.

It is important to ensure that adequate supplies of the 
form are always available.

The WHO partograph begins only in the active phase of 
labour, when the cervix is 4 cm or more dilated (see below).

However, it is a tool which is only as good as the health-
care professional who is using it. The observations that are 
recorded will document the following:

 O Maternal well- being: record pulse rate every 30 min-
utes, blood pressure and temperature 4- hourly, urine 
output and dipstick testing for protein, ketones (if avail-
able) and glucose after voiding, and record all fl uids and 
drugs administered. If the fi ndings become abnormal, 
increased frequency of observation and testing will be 
required, and intervention may be implemented.

FIGURE 2.3.4 Using a birthing stool.

FIGURE 2.3.3 Good positions during the second stage.

FIGURE 2.3.5 The pushing position, pushing with healthcare 
worker support.

FIGURE 2.3.6 Pushing in the wrong position.
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 O Fetal well- being: record fetal heart rate for 1 minute 
every 15–30 minutes after a contraction in the fi rst stage, 
and every 5 minutes in the second stage. If abnormalities 
are noted, urgent delivery can be considered.

 O Liquor: clear, meconium stained (thick or thin), bloody 
or absent. Thick meconium suggests fetal distress, and 
closer monitoring of the fetus is indicated. Check every 
30 minutes.

 O Frequency, duration and strength of uterine con-
tractions (assessed by palpation): record every 
30 minutes.

 O Abdominal examination: to assess descent of the 
fetal head.

 O Vaginal examination: this should be done no less than 
every 4 hours to assess cervical dilatation, descent of the 
fetal head, and moulding of skull bones. More frequent 
examination is only undertaken if indicated.

There must be a team approach, and senior staff must 
oversee the care of high- risk patients. Ideally there should 
be one- to one care.

Key to partogram
 O Amniotic fl uid: I = membranes intact, C = membranes 

ruptured, clear fl uid, M = meconium- stained fl uid, B = 
bloodstained fl uid.

FIGURE 2.3.9 How to record contraction frequency and length. The 
number of squares fi lled in records the number of contractions in 
10 minutes. The shading shows the length of contractions.

FIGURE 2.3.7 The modifi ed WHO partogram without latent phase.

FIGURE 2.3.10 Recording effacement: the length of the cervix. 
Effacement can be recorded by thickening a line with a pen as 
shown in the diagram, or ‘percentage’ effacement can be written 
in the squares.

FIGURE 2.3.8 Sample partogram showing normal progression of 
labour.
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 O Moulding: 0 = bones are separated and sutures can 
be easily felt; + 1 = bones are just touching each other; 
+ 2 = bones are overlapping but can be reduced; + 3 = 
bones are severely overlapping and irreducible.

 O Cervical dilatation: assess at each VE and mark with 
a cross ×. Begin at 4 cm.

 O Alert line: starting at 4 cm of cervical dilatation, up to 
the point of expected full dilatation at the rate of 1 cm 
per hour.

 O Action line: parallel and 4 hours to the right of the 
alert line.

 O Descent assessed by abdominal palpation: this 
refers to the part of the head (which is divided into fi ve 
parts) palpable above the symphysis pubis; recorded 
as a circle (O) at every vaginal examination. At 0/5, the 
sinciput (S) is at the level of the symphysis pubis. 

 O Hours: this refers to the time elapsed since the onset of 
the active phase of labour (observed or extrapolated).

 O Time: record the actual time at 30- minute intervals.
 O Contractions: chart every 30 minutes; palpate the num-

ber of contractions in 10 minutes and their duration in 
seconds (< 20 seconds, 20–40 seconds, > 40 seconds).

 O Oxytocin: record the amount (in units) of oxytocin per 
volume of IV fl uids, and the number of drops per minute, 
every 30 minutes when used.

 O Drugs given: record any additional drugs given.
 O Pulse: record every 30 minutes and mark with a dot (•).
 O Blood pressure: record every 4 hours and mark with 

arrows, unless the patient has a hypertensive disorder or 
pre- eclampsia, in which case record every 30 minutes.

 O Temperature: record every 4 hours.
 O Urine, ketones and volume: ideally record every time 

urine is passed. 

Maternal condition
Maternal vital sign observations are crucial in labour, in order 
to detect pre- eclampsia, haemorrhage (accompanied by a 
rise in heart rate, or, as it worsens, a fall in blood pressure) 
and sepsis (fever). A fall in blood pressure is usually a late 
and ominous sign. The pulse rate and respiratory rate are 
valuable early features of worsening maternal condition.

Fetal condition
The fetal heart rate should be measured every 15 to 30 min-
utes immediately after a contraction, for 1 minute, with the 
mother sitting or in the lateral tilt position.

The normal baseline fetal heart rate is 110–160 beats/
minute. The fetus’s baseline heart rate should remain sta-
ble throughout labour. Fetal heart rate accelerations are 
healthy features, whereas decelerations may suggest fetal 
compromise. This applies particularly if the decelerations 
do not recover immediately after the contraction (this is 
described as a late deceleration). A baseline rate of > 160 
beats/minute (tachycardia) or < 110 beats/minute (brady-
cardia) may indicate fetal distress, as can a rising baseline.

Membranes and liquor
If the membranes are intact, write ‘I’.

If the membranes are ruptured: 
 O if liquor is clear, write ‘C’
 O if liquor is meconium- stained, write ‘M’
 O if liquor is absent, write ‘A’
 O if liquor is bloodstained, write ‘BS’. 

If liquor is absent, or if there is meconium staining of liquor, 
draining, fetal distress should be considered and monitored 
for closely (meconium staining is present in 15–30% of 
all pregnancies, with a higher prevalence after 41 weeks’ 
gestation). 

Moulding of fetal skull bones (see Figure 
2.3.11)

FIGURE 2.3.11 Degrees of moulding of the bones of the fetal skull.

Increasing moulding may be a sign of cephalo- pelvic dis-
proportion, as the fetal skull bones overlap to aid passage 
through the maternal pelvis.

Key: 0 = bones are separated and sutures can be easily 
felt, + = bones are just touching each other, ++ = bones are 
overlapping but can be reduced, +++ = bones are severely 
overlapping and irreducible.

Stages of labour 
Labour is divided into latent and active phases.

 O The latent phase is cervical dilatation from 0 cm to 4 cm 
with gradual shortening of the cervix. 

 O The active phase is cervical dilatation from an effaced 
4 cm cervix to full dilatation with good contractions. 
Progress should be at the rate of at least 1 cm/hour.

Latent stage of labour (0 cm to 4 cm cervical 
dilatation) 
In the latent phase of labour, contractions usually start off 
as irregular, establishing into regular painful uterine contrac-
tions. In the primigravida, this can take up to a few days 
to occur, but usually takes less time in the multigravida. 

The well- being of the mother and fetus in the latent 
phase should be assessed without unnecessary interven-
tions, and mobilisation should be encouraged. Adequate 
hydration and nutrition are important, and the woman 
should be enabled to empty her bladder as required. During 
this time it is important to check the haemoglobin level and 
review the notes with regard to possible future problems 
with delivery.

Unnecessary vaginal examinations in the latent phase 
can lead to life- threatening infections in the mother and baby. 

Active phase of labour
First stage
There should be regular painful contractions, and the cervix 
should efface and dilate at a rate of about 1 cm/hour from 
4 cm to full dilatation (10 cm). 

Vaginal examinations during labour must be recorded 
and only done by those caring for and monitoring the 
mother. They should not be undertaken more than 4- hourly 
unless there is a reason for doing so. During such exami-
nations, the use of Hibitane cream or similar disinfectant 
cream can help to prevent infections. Care should be 
taken when diagnosing active labour as misdiagnosis can 
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lead to unnecessary medical intervention and risk to the 
mother and fetus. The cervix should be 4 cm and effaced 
and there should be regular contractions. It should be 
noted that in multiparae the cervix is often soft and easily 
stretchable to 4 cm and even beyond. This can be the case 
in the latent phase and sometimes even before the onset 
of contractions.

The progress of labour
Measurement of cervical dilatation
Cervical dilatation is assessed by vaginal examination, 
which should be performed every 4 hours, unless there 
are indications to do so more frequently. 

The cervical dilatation can be plotted on a partograph 
against time. When the patient is admitted in active labour, 
the dilatation is immediately plotted on the alert line, the 
fi rst line drawn upwards on the graph illustrating a rate of 
1 cm/hour from this fi rst plot. If subsequent progress is 
satisfactory, the cervical dilatation will be on, or to the left 
of, this alert line in later vaginal examinations.

FIGURE 2.3.12 Measuring cervical dilatation. A cervical dilatation 
board shows the diameter of the cervix from 1 cm to 10 cm. 

FIGURE 2.3.13 Effacement and dilatation.

Before the onset of labour, the cervix will usually be 
tubular. Effacement is the process whereby the cervix 
subsequently loses its length, to become fl attened against 
the fetal presenting part.

In primigravid women, effacement occurs in early labour, 
followed by cervical dilatation. In multiparous women, the 
cervix commonly dilates before full effacement.

Diagnosis of the stages and phases of 
labour
Cervix not dilated = not in labour
Cervix dilated < 4 cm = fi rst stage and latent phase

Cervix dilated 4–9 cm = fi rst stage and active phase 
(usually 1 cm/hour) and onset of fetal descent
Cervix fully dilated (10 cm) = second stage (non-expulsive 
phase), no urge to push and fetus continues to descend
Cervix fully dilated (10 cm) = second stage (expulsive 
phase), urge to push and fetus reaches pelvic fl oor
Delivery of the baby = Onset of third stage
Delivery of the placenta = End of third stage

Bishop’s Score: The early pre-labour/early labour changes 
that occur to the cervix can be quantifi ed by using the 
Bishop’s score which assigns a score of 0 to 2 for each of 
the following characteristics: dilatation, effacement, consist-
ency, position of cervix and station of the head (see below). 
It is useful both for assessing progress in the latent phase 
of labour, and also for assessing the ‘favourability’ of the 
cervix for induction of labour. A patient with a favourable 
cervix has a Bishop score of 6 or more and is likely to be 
easier to induce. It should also be possible to rupture the 
membranes by the time the Bishop score is 6.

Characteristic 0 1 2 3

Dilatation Closed 1–2 cm 3–4 cm 5 cm or more

Effacement >4 cm 3–4 cm 1–2 cm Effaced

Consistency Hard Medium Soft –

Station of 
head

–3 or 
above

–2 –1/0 +1/+2

Position of 
cervix

Posterior Mid Anterior –

FIGURE 2.3.14 Measuring ‘fi fths’.
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Descent of the fetal head
Dilatation of the cervix should be accompanied by descent 
of the head, although this may not occur until advanced 
labour. Sometimes descent does not occur until full dilata-
tion, especially with the pelvis of African women.

The descent of the head is measured in fi fths (20% 
increments) palpable above the pelvic brim. 

Abdominal examination should always be performed 
immediately before vaginal examination, and plotted on 
the partogram with the cervical dilation.

Assessing fetal descent
By abdominal palpation
This method involves measuring by fifths of the head 
palpable above the symphysis pubis as described above.

 O 5/5: head entirely above the inlet of the pelvis (head 
totally free)

 O 0/5: head deep in the pelvis.

By vaginal examination
This method measures the descent of the head past the 
mother’s ischial spines. When the presenting fetal head is 
at the level of the spines, this is designated ‘0’.

Figure 2.3.16a shows the occiput entering the brim of 
the pelvis on the left side, so the fetus is left occipito- lateral. 
Later drawings show the occiput moving round to the front 
so that in (d) it becomes anterior (OA). The mother was 
admitted soon after labour began. The baby’s head is 3/5 
palpable, it will soon engage in the pelvis and has started 
to fl ex. The membranes are intact, and the cervix is 2 cm 
long (uneffaced).

In Figure 2.3.16.b, the fetal head is now 2/5 palpable; it 
is more fl exed and has just started to turn towards the front 
(anteriorly). The cervix is fully effaced but has not begun to 
dilate. The membranes are still intact.

In Figure 2.3.16.c, the fetal head is now 1/5 palpa-
ble; the neck is more fl exed and has turned a little more. 
The cervix is now 7 cm dilated, so the progress line has 
been transferred to the alert line on the partogram. The 
membranes are still intact. Until now the mother has been 
allowed to move and walk about. She has chosen to lie 
down for delivery.

In Figure 2.3.16.d, the fetal head is 0/5 palpable, the 
occiput is anterior and the scalp is visible. The mother is 
almost fully dilated, so the fi rst stage is almost over.

FIGURE 2.3.17 Measuring the descent of the vertex using the 
ischial spines.

FIGURE 2.3.15 Fetal head descent palpated abdominally showing 
4/5 and 2/5.

FIGURE 2.3.16 Descending fetal head showing vaginal 
appearance to palpation. Alongside each picture of the fetus is a 
view of the head from below and a partogram to show the stage 
of the mother’s labour. 
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Figure 2.3.17 shows the use of the ischial spines to 
measure descent of the head. Feel the vertex with your 
index fi nger and feel for an ischial spine with your third 
fi nger. Is the vertex higher or lower than the ischial spines? 
You may only be feeling caput. Measuring fi fths abdominally 
is more reliable but can be diffi cult, especially in obesity.

Uterine contractions
For labour to progress satisfactorily there must be good 
contractions. They normally become more frequent and 
longer- lasting as labour progresses.

Uterine contractions are assessed by palpation, usu-
ally hourly in the latent phase, and every 30 minutes in the 
active phase. The frequency is measured by the number of 
contractions felt in a 10- minute period, and the duration is 
measured from the start of the contraction until it passes off 
(e.g. 3 in 10 minutes, each lasting for 45 seconds).

Management of the fi rst stage of 
labour
1 Place an IV cannula early on in all high- risk patients.
2 If a fever develops give intravenous antibiotics (ampicil-

lin 2 grams IV/IM 6-hourly plus gentamicin 80 mg IV/IM 
8-hourly or 5 mg/kg IV/IM once every 24 hours).

3 If the fi rst stage is prolonged, consider the following: 
 O malpositions or malpresentations
 O pelvis too small or head too big
 O contractions too weak
 O membranes need rupturing (only if there are no 

malpresentations or malpositions)
 O dehydration, ketosis and/or exhaustion.

Pain control in labour
At present in low resource settings the only safe pharma-
cological treatment is nitrous oxide plus oxygen. Epidural 
anaesthesia is effective but requires careful monitoring 
(unlikely to be available), risks local infection, and can 
increase the need for Caesarean section. Opiate drugs, 
such as pethidine and morphine, have many potentially 
harmful effects on the woman and newborn infant.

Our recommendation is that, where possible, nitrous 
oxide plus oxygen should be made available for all women 
who need pain control, particularly the primigravida. 

Nitrous oxide plus oxygen
It is recommended that a maximum concentration of 50% 
nitrous oxide and 50% oxygen should be used.

The labour ward must be adequately ventilated and the 
mask fi t well to avoid contamination of others in the vicinity.

The drug is always self- administered to ensure its safety 
(if drowsiness occurs, the woman will drop the mask).

It should not be used for more than 24 hours, and can 
interfere with vitamin B12 metabolism if used continuously 
rather than intermittently (i.e. only during contractions).

The cylinder must not be mixed up with those containing 
100% nitrogen. Nitrous oxide and oxygen mixture (Entonox) 
is supplied in a blue cylinder with white quadrants on the 
shoulder, whereas 100% nitrogen is supplied in a plain blue 
cylinder without white shoulders. 

Treatment
The woman should inhale the gas only during painful 

contractions. After starting an inhalation, it takes 30 sec-
onds to 1 minute for the nitrous oxide and oxygen mixture 
to act, and ideally the onset of the contraction should be 
anticipated, and inhaling started 30 seconds before it 
begins. Between contractions the mouthpiece or mask 
should be removed and the woman should breathe normally 
from room air.

Between patients the mouthpiece or mask must be 
cleaned and disinfected.

Side effects include drowsiness, dizziness, nausea and 
vomiting, and buzzing in the ears.

Nitrous oxide and oxygen is contraindicated in patients 
with impaired consciousness.

It does not modify uterine contractions or cause harm 
to the neonate.

Prolonged pregnancy
This is defi ned as a pregnancy that continues for more 
than 14 days after the expected date of delivery. This is a 
particularly diffi cult management issue in low- resource set-
tings, where the dates of the last menstrual period may not 
be recalled by the time of antenatal presentation, and where 
early ultrasound scanning during pregnancy is unlikely to 
have been performed.

Prolonged pregnancy is associated with fetal distress, 
shoulder dystocia, poor progress in labour, and increased 
fetal, maternal and neonatal mortality. 

If there is reasonable evidence that a patient is at or 
above 40 weeks’ gestation, stretching and sweeping of 
the membranes in a suitably equipped healthcare facility 
can be helpful in starting off labour, and may thus avoid the 
need for formal induction of labour (see below). 

Stretching the cervix and sweeping the 
membranes
First check the fetal position and ensure that the head is 
not high, and record the fetal heart rate. If there has been 
any antepartum haemorrhage this procedure must not 
be undertaken because of the risk of placenta praevia. 
The woman should empty her bladder. 

A vaginal examination in the lateral tilt position using 
sterile gloves coated with an obstetric antiseptic cream 
(e.g. chlorhexidine) should be undertaken. If there is any 
evidence of vaginal infection or spontaneous rup-
ture of membranes, a membrane sweep must not be 
performed.

The cervix should be assessed for effacement, whether 
it is soft or hard, and for dilatation. If there is no cervical 
dilatation or the head is not at a minimum of –3, then a 
sweep should not be undertaken.

If the cervix is closed but soft, it may be massaged 
until it allows the insertion of a fi nger. Once the cervical os 
is open (more likely post term), introduce a fi nger into the 
cervical os and pass it circumferentially around the cervix. 
This should separate the membranes and result in the 
release of local prostaglandins, increasing the likelihood of 
the onset of labour within 48 hours. 

The whole procedure is uncomfortable but afterwards 
it should produce only slight pain or bleeding with irregular 
contractions. If pain or bleeding is marked, keep the woman 
under close observation in the healthcare facility.

The process can be repeated if labour does not start 
spontaneously after 36 hours.
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Induction or enhancement of labour
This may be required if there is prolonged pregnancy, 
pre- labour prolonged rupture of membranes, placental 
abruption, or a hypertensive disorder. Ensure induction 
is indicated, as failed induction is usually followed by 
Caesarean section.

Artifi cial rupture of membranes (ARM)
This is undertaken to either induce or augment labour. 
Induction of labour usually also requires uterotonic drugs. 

Slow progress in labour can often be corrected by 
ARM. However, in areas of high HIV prevalence, leaving 
the membranes intact for as long as possible may reduce 
the risk of perinatal transmission.

ARM risks infection and cord prolapse. It is contraindi-
cated where placenta praevia is possible, in the fi rst episode 
of active herpes infection, and in vasa praevia. It is more 
risky with a high fetal head or polyhydramnios. 

Procedure for ARM
ARM is best delayed until the cervix is ‘favourable’ as this 
will reduce the length of time the membranes are ruptured 
(and hence risk of chorioamnionitis), and limit the duration 
of any oxytocin infusion used. It is also likely to result in 
a reduced risk of failed inductions and thus unnecessary 
caesarian sections. A favourable cervix is one where sof-
tening, dilatation and effacement has started to occur, and 
corresponds to a Bishop score of 6 or more.

It is therefore advised to ‘ripen’ the cervix with one of 
the following before ARM: misoprostol, a Foley catheter 
or an oxytocin infusion (all discussed below), whichever is 
considered the most appropriate.

 O Listen to – and note – the fetal heart rate.
 O Ensure that the woman has emptied her bladder.
 O Palpate the abdomen. If the presenting part is well 

descended, cord prolapse is less likely.
 O Ideally perform an ultrasound scan to identify the posi-

tion of the placenta.
 O Wearing sterile gloves and with chlorhexidine obstetric 

cream on your fi ngers, examine the cervix, and note the 
consistency, position, effacement and dilatation. Confi rm 
the fetal presentation.

 O With the other hand (again with obstetric cream) insert 
an amniotic hook or a Kocher clamp into the vagina.

 O Guide the clamp or hook along the fi ngers of your fi rst 
hand towards the membranes in the vagina.

 O Place two fi ngers against the membranes and gently 
rupture them with the instrument in the other hand. Allow 
the amniotic fl uid to drain slowly around your fi ngers.

 O Check that no cord can be felt.
 O Note the colour (clear, yellow, greenish or bloody) and 

smell of the fl uid. If thick meconium is present, suspect 
fetal distress. Some light bleeding may occur.

 O After ARM, listen to the fetal heart during and after a 
contraction. If the fetal heart rate is abnormal (less than 
110 beats/minute or more than 160 beats/minute), 
suspect fetal distress.

 O If delivery has not occurred within 18 hours, give pro-
phylactic antibiotics (IV ampicillin 1 gram 6- hourly plus 
gentamicin 80 mg IV/IM 8- hourly or 5 mg/kg body weight 
IV/IM once every 24 hours) in order to help to prevent 
infection in the baby and the mother. If there are no 
signs of infection in the mother after delivery, discontinue 
antibiotics.

 O If the liquor is foul smelling or there is a maternal fever 
or other indication of uterine infection/chorioamnionitis 
treat with the antibiotics as above but with the addition 
of metronidazole 500mg IV 8 hourly.

 O Regularly monitor vital signs.

Oxytocin infusion
Indications

 O If active labour is not established within 2–4 hours 
after ARM, and only if contractions are weak, begin 
oxytocin infusion. If there are strong contractions and 
no progress, look for a reason (e.g. obstructed labour).

 O If labour is induced because of severe maternal disease 
(e.g. sepsis, eclampsia), begin oxytocin infusion at the 
same time as ARM.

Contraindications
 O It is essential that obstructed labour is excluded before 

oxytocin is administered. 
 O Use oxytocin with great caution, as fetal distress can 

occur from hyperstimulation and, rarely, uterine rupture 
can occur. Multiparous women are at higher risk for 
uterine rupture (see below).

 O Carefully observe all women receiving oxytocin. They 
must never be left alone.

 O Never use oxytocin in a woman or girl who has 
undergone two or more previous Caesarean sec-
tions, or who has a uterine scar for another reason, 
such as fi broid removal or traumatic uterine rupture. 

 O If labour has been progressing and then stops in a 
multiparous woman there is likely to be a reason for 
this secondary arrest, such as cephalo- pelvic dispro-
portion or malposition. The use of oxytocin (rather than 
Caesarean section) in this situation is dangerous, as 
uterine rupture may occur. However, in low- resource 
settings this concern has to be balanced against the 
risks associated with Caesarean section (assuming 
that this procedure is even available without transfer). 
We recommend that secondary arrest in a multiparous 
woman should result in urgent transfer to a facility where 
Caesarean section can be undertaken.

 O Never use oxytocin where a previous classical Caesarean 
section has been performed. Provide a timed Caesarean 
section. 

Concerns about oxytocin and the need for great care in 
its use

 O If a woman has undergone one previous Caesarean 
section, the use of oxytocin is associated with a much 
increased risk of uterine rupture, and these patients must 
be delivered in a facility where immediate Caesarean 
section can be performed if required. Oxytocin may, in 
this latter setting, be used with great care and discon-
tinued when adequate contractions are present. 

 O If more than four pregnancies after 24 weeks’ gestation 
have been delivered, there is increased risk of uterine 
rupture. Oxytocin must be used with great care and 
discontinued when adequate contractions are present.

 O Wait before starting oxytocin if misoprostol or another 
prostaglandin has been given within the previous 8 hours.

Administration of oxytocin
The individually needed effective dose of oxytocin varies 
greatly; so all patients must be monitored carefully. 
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Fluids can be calculated in drops per minute. Identify 
from the IV giving set what the ‘drop factor’ is (in stand-
ard giving sets it may be 10, 15 or 20 drops/1 mL). For 
micro- drop systems, (with burettes), 1 mL is 60 drops. 
Set the infusion rate with the fl ow controller below the 
chamber where the drops occur, and always count the 
rate over a full minute. 

Cautiously administer oxytocin in IV fl uids (Ringer- lactate 
or Hartmann’s solution), gradually increasing the rate of 
infusion until active labour is established (three contrac-
tions in 10 minutes, each lasting more than 40 seconds). 
Maintain this rate until delivery. The uterus must relax 
between contractions.

A burette in- line IV giving set (see Figure 2.3.18) can 
help to prevent too much oxytocin being given. 

FIGURE 2.3.18 Burette for safer and more accurate administration 
of oxytocin.

When oxytocin infusion results in an active labour pattern, 
maintain the same rate until delivery.

Ensure that the woman is in the left lateral tilt or recovery 
position.

Record on a partogram every 30 minutes:
 O rate of infusion of oxytocin (note that changes in the 

woman’s arm position may alter the fl ow rate)
 O duration and frequency of contractions
 O fetal heart rate: listen every 30 minutes, always immedi-

ately after a contraction; if less than 100 beats/minute, 
stop the infusion.

Monitor pulse, blood pressure and contractions every 30 
minutes. Keep a fl uid balance chart. Regularly reassess for 
contraindications.

Details of oxytocin infusion
An ampoule of oxytocin usually contains 5 international 
units in 1 mL. Insert oxytocin 5 international units (5000 mil-
liunits) in 500 mL of Ringer- lactate or Hartmann’s solution. 
The concentration of this solution is 10 milliunits in 1 mL. 

Start infusion at 2.5 milliunits/minute (i.e. at 5 drops/
minute with a standard giving set with a drop factor of 
20 drops/1 mL). 

Increase infusion rate by 2.5 milliunits/minute (5 drops/
minute using a standard giving set with a drop factor of 
20 drops/1 mL) every 30 minutes until a good contraction 
pattern is established – that is, contractions lasting more 
than 40 seconds, and occurring 3 times in 10 minutes.

Maintain this rate until delivery is completed.
If there are not three contractions in 10 minutes, 

each lasting more than 40 seconds, with the infusion 
rate at 20 milliunits/minute (40 drops/minute if using a 
giving set with a drop factor of 20 drops/1 mL):

 O In multigravida, further increases may risk uterine 

rupture. The reason for this may be cephalo- pelvic 
disproportion or malposition. Therefore consider 
Caesarean section.

 O In the primigravida, infuse oxytocin at a higher concen-
tration (rapid escalation).

 — Change to a more concentrated solution with oxytocin 
10 international units (10 000 milliunits) in 500 mL of 
Ringer- lactate or Hartmann’s at a concentration of 
20 milliunits/mL. 

 — Give an initial infusion of 20 milliunits/minute 
(20 drops/minute if using a giving set with a drop 
factor of 20 drops/1 mL).

 — Increase the infusion rate by 5 milliunits/minute (addi-
tional 5 drops/minute if using a giving set with a drop 
factor of 20 drops/1 mL) every 30 minutes until good 
contractions are established.

 — If good contractions are not established at 
40 milli units/minute (40 drops/minute if using a 
giving set with a drop factor of 20 drops/1 mL), deliver 
by Caesarean section.

Do not use oxytocin 10 international units in 500 mL (i.e. 20 
milliunits/mL) in multigravida. 

If hyperstimulation occurs (i.e. any contractions lasting 
longer than 60 seconds or more than 4 contractions in 
10 minutes), stop the infusion. The half- life of oxytocin is 
short (between 1 and 5 minutes), and therefore any hyper-
stimulation should stop with appropriate titration of the dose 
given. If hyperstimulation resolves, restart oxytocin infusion 
at half of the last dose given. 

Consider terbutaline, 250 micrograms subcutaneously 
if the uterus does not relax.

Possible side effects of oxytocin infusion
These include the following:

 O uterine hyperstimulation (see above).
 O hyponatraemia due to water retention from vasopressin- 

like actions (unlikely if diluted with Ringer- lactate or 
Hartmann’s and more likely with prolonged infusions). 
Monitor urine output carefully and, if possible, measure 
plasma sodium concentrations. 

 O hypotension, fl ushing and tachycardia if oxytocin is given 
as a bolus IV by mistake.

The use of oral misoprostol to induce labour
Because of its stability at high room temperatures and low 
cost, misoprostol is increasingly being used to induce labour, 
especially in low- resource settings. Close monitoring of 
uterine contractions is still essential, and misoprostol must 
not be used if there has been a previous Caesarean section.

Misoprostal is available as a vaginal or oral tablet or an 
oral solution. The latest Cochrane reviews suggest that oral 
misoprostol solution is the most appropriate.

Dose of oral misoprostol solution
A single misoprostol tablet is dissolved in drinking water 
(200- microgram tablet in 200 mL of water or 100- microgram 
tablet in 100 mL of water), and 20–25 mL of misoprostol 
solution (20–25 micrograms) are then given orally every 2 
hours. It may be used in women with ruptured membranes, 
where the oral route has the additional benefi t of avoiding 
vaginal installations with their increased risk of infection. 
Solutions are stable for up to 24 hours, but should then be 
discarded. For safety reasons it may be better to discard 



153

Section 2.3

unused solutions and make up a 20-  to 25- microgram 
dose every 2 hours. Review progress by a doctor after 
100 micrograms have been given although the induction 
can be continued with further doses if necessary. 

When induction of labour is urgent and delivery indi-
cated within a short period of time (e.g. eclampsia) consider 
increasing the misoprostol dose to 50 micrograms orally 
every 2 hours. This may increase the speed of the induc-
tion but may also increase the risk of hyperstimulation. 
The recent Cochrane review recommends an oral dose 
of 20- 25 micrograms and not more than 50 micrograms 
every 2 hours.

Oral misoprostol tablets
It is possible to cut 100- microgram misoprostol tablets into 
quarters that are 25 micrograms in size and administer 
them orally every 2 hours up to a maximum of six doses. 
However, this is not accurate, and there is a danger of 
giving an incorrect dosage. The oral misoprostol solution 
described above is safer. 

The use of a Foley catheter to induce labour
An effective alternative to misoprostol is to use a Foley cath-
eter to mechanically ‘ripen’ the cervix and induce labour. 
The Foley catheter tip is passed through the cervical os 
either during a sterile digital examination, or with the use of 
a sterile/high-level disinfected speculum and forceps. The 
infl atable bulb is introduced beyond the internal cervical os 
and then infl ated with 10ml of sterile water. The catheter tip 
is then left in situ for up to 24 hours to allow cervical ripen-
ing and contractions to begin. It may fall out in the interim 
if the cervix dilates adequately. Once removed amniotomy 
and oxytocin can be commenced if needed.

This method is particularly useful in women at high risk 
of rupture as it does not risk hyperstimulation. 

Delay in the fi rst stage of labour
If progress is initially good, but then slows down or stops, 
there may be:

 O malpositions or malpresentations
 O obstructed labour
 O an increased risk of shoulder dystocia.

Prolonged active phase (fi rst stage) of labour
If cervical dilatation crosses the alert line, this warns that 
labour is slow and there may be problems. If possible, trans-
fer the patient to an obstetric unit practicing comprehensive 
EmOC. If the action line (4 hours to the right according 

to the WHO, or 2 hours to the right according to recent 
evidence from South Africa) is reached, the mother must 
be reassessed to ascertain the reason for lack of progress 
and further management determined.

Other complications of the fi rst stage of 
labour
Urgent help may be required to diagnose and manage 
cord prolapse (see Section 2.6.G), placental separation 
(see Section 2.5.D.iii) or ruptured uterus (see Section 2.5.F).

Second stage of labour 
This begins when the cervix is fully dilated. Fetal descent 
occurs, but initially there may be no urge to push usually 
occurring only when the fetal head reaches the pelvic fl oor. 
It may be helpful for the mother to stand up or squat dur-
ing this time to assist pushing. She must not lie fl at on her 
back. (Note; some patients have an urge to push early in 
labour with a high head, generally with an occipito- posterior 
presentation)

Delivery of the baby may be allowed to take 2 hours 
from full cervical dilatation in the primagravida, and 1 hour 
in the multigravida, before there is cause for concern. The 
mother must not push if the cervix is not fully dilated. 

During delivery, trauma to the perineum should be 
minimised. Routine episiotomy is not indicated, but should 
be performed if signifi cant perineal trauma is anticipated, or 
to aid more rapid delivery if indicated. Anterior episiotomy/
reversal of genital mutilation may be required in some 
women. 

FIGURE 2.3.20 Correct placement of data on the partogram. A 
common mistake is to put the next record (‘x’ and ‘o’) in the next 
square, and not to allow for the time that elapses between one 
observation and the next. 

FIGURE 2.3.21 Lines on the partogram.

FIGURE 2.3.19 The partogram showing the portion relating to 
cervical dilatation. The numbers 1 to 24 represent the number of 
hours since the mother was admitted, but only if she was admitted 
in the latent phase.
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Episiotomy is recommended for the following:
 O complicated vaginal delivery (breech, shoulder dystocia, 

forceps and some vacuum extractions)
 O scarring from female genital mutilation (see above) or 

poorly healed third-  or fourth- degree tears
 O fetal distress.

Sometimes contractions become less strong when the 
cervix becomes fully dilated. After confi rming the well- being 
of the mother and fetus, mobilise the mother, hydrate her 
orally, including suffi cient calories to help to prevent ketosis, 
and then wait for up to 1 hour for the head to descend. If 
the mother is unable to tolerate oral fl uids, administer IV 
glucose and fl uids. However, be alert for the possibility of 
cephalo- pelvic disproportion. After 1 hour encourage push-
ing, provided that the cervix is fully dilated. 

Ensure that delivery of the head is controlled so that 
there is not a sudden release of pressure on it as it delivers 
(this may damage the neonatal brain). 

If there is fetal distress, or delivery has not occurred 
after 2 hours in a primigravida or 1 hour in a multigravida, 
assisted vaginal delivery should be considered. A ventouse 
or forceps may be considered so long as none of the 
head is palpable per abdomen. The cervix must be fully 
dilated. 

Delivery of the baby 
 O Ask the mother to pant or give only small pushes with 

contractions.
 O Control the birth of the head by placing the fi ngers of 

one hand against the baby’s head to ensure that it does 
not deliver too quickly.

 O Support the perineum with your other hand as it distends 
and the head is delivered.

 O In low- resource countries, if meconium is present, suck 
it out of the baby’s nose and mouth on the perineum as 
soon as the head is delivered. 

 O Call the paediatrician (if available) if you consider that 
the baby might need resuscitation. 

 O Once the head is delivered, ask the mother not to push.
 O Feel around the baby’s neck for the umbilical cord:

 — If it is round the neck but loose, slip it over the baby’s 
head.

 — If it is so tight round the neck that it is preventing 
delivery of the baby’s shoulders, double clamp it and 
cut it before unwinding it from the neck. Delivery can 
often be achieved with the cord left in place.

 O Allow the baby’s head to turn spontaneously.
 O After the head has turned, place a hand on each side 

of the head and ask the mother to push gently without 
the need to wait for contractions.

 O Avoid tears by delivering one shoulder at a time. Routine 
traction of the baby’s head in an axial direction should 
be used and should result in delivery of the anterior 
shoulder.

 O Lift the baby’s head anteriorly to deliver the shoulder 
that is posterior.

 O Support the baby’s body as it slides out.
 O After delivery of the baby, give the mother 10 units 

of oxytocin IM to reduce the risk of haemorrhage, 
but only do this if the possibility of a second twin 
has been excluded by earlier ultrasound examina-
tion or by abdominal palpation. Alternatively, 10 
units of oxytocin plus 500 micrograms of ergometrine 

(called Syntometrine) IM can be given, but never give 
ergometrine if the mother has hypertension or pre- 
eclampsia, as it can increase blood pressure and cause 
a cerebrovascular accident.

 O Dry the baby, cover with a dry clean towel and assess 
the baby (see Section 3.1).

 O If the baby does not need resuscitation, place on the 
mother’s abdomen for 1 to 3 minutes to provide a trans-
fusion of placental blood to the baby, but keep warm 
(for details, see Section 3.1).

 O Then cut the umbilical cord and place the baby in skin- 
to- skin contact with the mother, ensuring that the body 
and head are covered to keep the baby warm. The 
baby may seek to suck on the breast which should be 
encouraged.

 O If the baby needs resuscitation, cut and clamp the 
cord immediately, and proceed to open the airway and 
breathe for the baby (see Section 3.2).

 O If the mother is not well, ask an assistant or relative to 
care for the baby.

Always prepare for the need to resuscitate the baby, 
especially if there is a history of eclampsia, prolonged or 
obstructed labour, bleeding, preterm birth or infection. 
Always have a bag- valve-mask of the right size avail-
able next to the mother, and ideally on a Resuscitaire®, 
in case assisted ventilation is required.

If the head retracts on to the perineum during delivery 
(the turtle sign), this suggests shoulder dystocia (see 
Section 2.5.F).

Active management of the third stage 
of labour
This is advised for preventing postpartum haemorrhage 
(PPH), and it consists of four possible interventions:
1 a prophylactic uterotonic drug after delivery of the 

shoulders of the baby and after ensuring that another 
fetus is not present in the uterus

2 early cord clamping and cutting
3 controlled cord traction
4 uterine massage after delivery of the placenta.

Of these, a uterotonic drug (see above), is the most impor-
tant, with oxytocin the first choice because it causes 
uterine contraction to prevent atony rapidly with minimal 
adverse effects. Atony is the most common cause of PPH 
(around 80% of cases). If oxytocin is unavailable, or does 
not work, other uterotonic drugs should be used, including 
ergometrine or misoprostol.

All uterotonic drugs should be given within 1 minute 
of the complete birth of the fetus, to aid separation of the 
placenta by enhancing uterine contractions and reducing 
the risk of bleeding from an atonic (relaxed) uterus. It is 
essential that you are certain there is not another fetus 
in the uterus before such drugs are given. 

Ensure that both oxytocin and ergometrine are pro-
tected from heat damage by close attention to the cold 
chain and their storage, otherwise they may not be effec-
tive. Ideally oxytocin should be stored in a fridge, but it can 
be kept at 15–30°C for 3 months. Oxytocin must never 
be frozen. Always store ergometrine in a fridge at 2–8°C. 
Misoprostol is not affected by ambient temperature. 

Ergometrine is contraindicated in patients with heart 
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disease, hypertension, pre- eclampsia or eclampsia, as it 
raises the blood pressure by vasoconstriction, with the risk 
of cerebrovascular accidents.

Early cord clamping and cutting (the second interven-
tion listed above) as part of the active management of the 
third stage of labour is no longer recommended unless the 
infant needs resuscitation (see above).

Controlled cord traction (the third intervention listed 
above) is optional where delivery is undertaken by a skilled 
birth attendant, but contraindicated if a skilled attendant is 
not available. It must not be undertaken if a uterotonic drug 
has not been given. 
 1 After the cord has been clamped, use cord clamp/

straight clamp to hold the cord close to the perineum.
 2 Place the other hand just above the pubis, and counter 

the uterus during traction of the cord to prevent it from 
inverting (see Figure 2.3.22).

 3 Keep slight tension on the cord and wait for a uterine 
contraction.

 4 When the uterus becomes rounded or the cord length-
ens, assume that the placenta has separated, and pull 
gently down on the cord to deliver the placenta. Do not 
wait for or expect a gush of blood before applying trac-
tion. Continue to apply counter traction on the uterus 
with your other hand. 

 5 If the placenta does not descend and deliver within 
1 minute of cord traction the placenta is not separating. 
Therefore stop traction, wait for the next contraction 
and repeat the process.

 6 As the placenta delivers, the membranes can tear off. 
To avoid this, hold the placenta in two hands and gently 
turn it until the membranes are twisted.

 7 Gently pull to complete the delivery. 
 8 If the membranes do tear, wearing sterile gloves gently 

examine the upper vagina and cervix and use a sterile 
sponge forceps to remove any fragments of membrane 
that are present. 

 9 If the cord is pulled off the placenta, uterine contrac-
tions may still push it out, but if this does not happen 
a manual removal may be needed (see Section 2.13).

 10 If the uterus is inverted, push it back immediately (see 
Section 2.6.H).

FIGURE 2.3.22 Controlled cord traction for active management of 
the third stage. Reproduced with the permission of Medical Aid 
Films, www.medicalaidfi lms.org

In Figure 2.3.22 the operator’s right hand is holding back 
the uterus while traction is applied to the cord.

Strong uterine massage (the fourth intervention listed 
above) should always be undertaken immediately after 
delivery of the placenta, until the uterus is contracted and 
remains so. Check the state of contraction of the uterus 
every 15 minutes for 2 hours, and repeat the massage if at 
any time the uterus becomes soft and relaxed. 

All postpartum women and girls must be closely 

monitored to ensure that PPH does not occur. They should 
be examined every 15 minutes for the fi rst hour after delivery, 
and then every 4 hours until 24 hours after delivery. 

In order to prevent PPH during or after Caesarean sec-
tion, oxytocin plus cord contraction is recommended in 
preference to manual removal of the placenta.

Expectant management of the third 
stage of labour if uterotonic drugs are 
not available
Unfortunately, it is not uncommon for hospitals to run 
out of uterotonic drugs. In this avoidable and dangerous 
situation, expectant/physiological management should be 
undertaken. 
1 Place the baby on the mother’s breast.
2 Leave the cord alone. 
3 Observe for the following signs of placental separation:

 O the uterus becomes more rounded and contracted
 O there is lengthening of the cord at the introitus
 O the mother feels uncomfortable, feels a contraction 

and wants to ‘bear down’.
4 Deliver the placenta.

 O Sit the mother upright
 O Encourage her to bear down with a contraction (only 

after separation of the placenta).
 O Catch the placenta. If membranes are dragging 

behind, gently twist a few turns and with slight trac-
tion and an up- and- down movement deliver the 
placenta plus the membranes.

Most placentas separate within 1 hour after birth. If this 
does not happen, seek help.

Controlled cord traction should not be undertaken 
prior to the separation of the placenta in the absence of 
uterotonic drugs. 

Monitoring after the placenta has 
been delivered by active or expectant 
management
Monitor the patient’s vital signs, blood pressure, pulse rate 
and volume, and the state of the uterus (is it contracted?) 
every 15 minutes for 2 hours after delivery of the placenta. 

Examine the placenta for completeness.

FIGURE 2.3.23 Strong massage applied to cause uterus to 
contract.
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Checking the placenta
Check that the placenta and membranes are intact. If they 
are not, there are retained products of conception which 
may pass spontaneously or that may need to be removed 
manually through the vagina.

Checking for tears
Examine the patient for tears in the cervix or vagina, and 
repair these as well as any episiotomy (see Section 2.13).

Skin- to- skin contact between mother and 
baby
If neither the mother nor the baby need resuscitation, ensure 
that the newborn baby is placed in skin- to- skin contact with 
the mother for at least 1 hour after birth, and encourage 
and support the baby to attach to and suck on the breast.

This approach recommended by the Baby Friendly 
Hospital Initiative (step 4) improves temperature control and 
respiratory function, increases milk production and helps 
to ensure weight gain for the baby.

Vitamin A for all recently delivered mothers
High- dose vitamin A should be avoided during pregnancy 
because of the risk of birth defects. A single dose of 
200 000 units should be given to all postpartum mothers 
within 6 weeks of delivery, when the likelihood of pregnancy 
is very low, and when infants benefi t most from its presence 
in breast milk.

Discharge of mothers and their babies from 
hospital after uncomplicated deliveries
In high resource settings there is evidence of lower eco-
nomic costs associated with early discharge (e.g. at 6 hours 
after delivery compared with 48 hours). However, there is 
no conclusive evidence for or against the policy of early 
postnatal discharge in resource- limited healthcare facilities. 
Care should be taken when extrapolating the results of stud-
ies from countries with good socio- economic conditions to 
communities where resources are scarce. Consideration 
should also be given to different settings even within the 
same country (e.g. urban versus rural settings), and the 
cultural contexts in which the trials are conducted.

Postnatal care for mothers and their babies 
in resource- limited settings
In resource- limited African settings, 50% of postnatal 
maternal deaths occur in the fi rst week after birth, with 
the majority occurring in the fi rst 24 hours. The two most 
important causes of postnatal maternal death are PPH 
and puerperal sepsis. Mothers who are HIV positive are 
most at risk. 

One in four deaths in childhood occurs during the neo-
natal period. Birth asphyxia is the most common cause, 
and occurs on day 1. Preterm babies most commonly die 
during the fi rst week of life, and neonatal sepsis is most 
common after 7 days, especially in low- birth- weight/pre-
term babies. The origins and markers of many long- term 
childhood development problems occur or are seen in the 
fi rst 6 weeks of life. 

Despite a lack of research, mothers and their babies 
should remain in hospital for at least 24 hours after birth in 
low resource settings in order to ensure that breastfeeding 
is established and that any complications in the mother and 
baby are identifi ed and treated. Those with high risk factors 
should remain in hospital for longer, and before going home 
all mothers should be trained to recognise danger signs in 
themselves and their babies. 

The WHO has produced a landmark paper on postnatal 
care in Africa, and Tables 2.3.1 and 2.3.2 summarise their 
advice.

When and how many postnatal visits should 
occur?
The optimum number and timing of postnatal care (PNC) 
visits, especially in resource- limited settings, is a subject of 
debate. Although no large- scale systematic reviews have 
been conducted to determine this protocol, three or four 
postnatal visits have been suggested. Early visits are cru-
cial because the majority of maternal and newborn deaths 
occur during the fi rst week, most frequently on the fi rst day, 
and this period is also the key time for promoting healthy 
behaviours. Each country should make decisions based on 
the local context and existing care provision, including who 
can deliver the PNC package and where it can be delivered. 

The following information is offered as a guide.

First contact
If the mother is in a healthcare facility, she and her baby 
should be assessed within 1 hour of birth and again before 
discharge. Encouraging women to stay in the facility for 
24 hours, especially after a complicated birth, should be 
considered. If birth occurs at home, the fi rst visit should 
target the crucial fi rst 24 hours after birth.

Follow- up contacts
These are recommended at least at 2–3 days, 6–7 days 
and 6 weeks after birth.

Extra contacts
Babies who need extra care (LBW babies or those whose 
mothers are HIV- positive) should have two or three visits 
in addition to the routine visits.

Where should postnatal care be provided and 
by whom?
The supervision and integration of postnatal care packages 
is essential.

FIGURE 2.3.24 Examining the placenta in a sink. In this case the 
fetal and maternal surfaces show a piece missing, which has 
probably been left in the uterus.
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TABLE 2.3.1 Routine postnatal care (PNC): What, when, where 
and who?

What should be routine postnatal care?
Preventive care practices and routine assessments to identify 
and manage or refer complications for both mother and baby, 
including the following:

Essential routine PNC for all mothers
1 Assess and check for bleeding; check temperature.

2 Support breastfeeding, checking the breasts and advising 
how to prevent mastitis.

3 Manage anaemia, promote nutrition and insecticide- treated 
bed nets, and give vitamin A supplementation.

4 Complete tetanus toxoid immunisation, if required.

5 Provide counselling and a range of options for family 
planning.

6 Refer for complications such as bleeding, infections or 
postnatal depression.

7 Counsel on danger signs and home care.

Essential routine PNC for all newborns
 1 Assess for danger signs, measure and record weight, and 

check temperature and feeding.

 2 Support optimal feeding practices, particularly exclusive 
breastfeeding.

 3 Promote hygiene and good skin, eye and cord care.

 4 If prophylactic eye care is local policy and has not been 
given, it is still effective up to 12 hours after birth.

 5 Promote clean dry cord care.

 6 Identify superfi cial skin infections, such as pus draining 
from the umbilicus, redness extending from the umbilicus 
to the skin, more than 10 skin pustules, and swelling, 
redness and hardness of the skin, and treat or refer if the 
baby also has danger signs.

 7 Ensure warmth by delaying the baby’s fi rst bath until after 
the fi rst 24 hours, practising skin- to- skin care, and putting 
a hat on the baby.

 8 Encourage and facilitate birth registration.

 9 Refer the baby for routine immunisations.

 10 Counsel on danger signs and home care.

Extra care for low- birth- weight (LBW) or small babies 
and other vulnerable babies, such as those born to HIV- 
infected mothers (two or three extra visits)
The majority of newborn deaths occur in LBW babies, many 
of whom are preterm. Intensive care is not needed to save the 
majority of these babies. Around one- third could be saved with 
simple care, including the following:

1 Identify the small baby.

2 Assess for danger signs and manage or refer as 
appropriate.

3 Provide extra support for breastfeeding, including 
expressing milk and cup feeding, if needed.

4 Pay extra attention to warmth promotion, such as skin- to- 
skin care or kangaroo mother care.

5 Ensure early identifi cation and rapid referral of babies who 
are unable to breastfeed or accept expressed breast milk.

6 Provide extra care for babies whose mothers are 
HIV- positive, particularly for feeding support (see 
Section 2.8.C).

TABLE 2.3.2 Early identifi cation and referral or management of 
emergencies for mother and baby

Appropriate detection and management or referral is 
necessary to save the mother and the baby in the event of 
life- threatening complications.

Danger signs for the mother
1 Excessive bleeding.

2 Foul- smelling vaginal discharge.

3 Fever with or without chills.

4 Severe abdominal pain.

5 Excessive tiredness or breathlessness.

6 Swollen hands, face and legs with severe headaches or 
blurred vision.

7 Painful engorged breasts or sore cracked bleeding nipples.

Danger signs for the baby
1 Convulsions.

2 Movement only when stimulated, or no movement even 
when stimulated.

3 Not feeding well.

4 Fast breathing (more than 60 breaths/minute), grunting or 
severe chest in- drawing.

5 Fever (above 38°C).

6 Low body temperature (below 35.5°C).

7 Very small baby (less than 1500 grams or born more than 
2 months early).

8 Bleeding.

At the hospital
This is more likely if the mother gives birth in hospital, but 
even then women and babies do not necessarily receive 
an effective PNC contact before discharge from the health-
care facility, and even if the mother comes to hospital for 
the birth, she may not return during the fi rst few days after 
discharge. Where a waiting home is available, the mother 
and baby could remain there until it is considered safe for 
them to go home. 

Through outreach services: 
1 A skilled provider can visit the home to offer PNC to the 

mother and baby.
2 Home visits from a specially trained community health 

worker (CHW) linking to the hospital or other healthcare 
facilities for referral as required.

3 A combination of care in the healthcare facility and at 
home. PNC may be provided in the hospital following 
childbirth, and at home during the crucial fi rst 2–3 days, 
with subsequent visits to a healthcare facility or clinic at 
6–7 days and 6 weeks after the birth, when the mother 
is better able to leave her home.

Further reading
World Health Organization. Reproductive Health Library of 

videos on YouTube: www.youtube.com/user/WHOrhl
World Health Organization and UNICEF. Baby Friendly Hospital 

Initiative: www.unicef.org.uk/babyfriendly; www.unicef.org/
newsline/tenstps.htm

World Health Organization (2006) Opportunities for Africa’s 
Newborns: Practical data, policy and programmatic support 
for newborn care in Africa: www.who.int/pmnch/media/
publications/oanfullreport.pdf
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2.4 Pathways of care summarising the diagnosis 
of complications of pregnancy or delivery

(Please note that in all conditions included the presenting symptoms and clinical signs may be atypical and therefore 
diagnosis more diffi cult.)

2.4.A Abdominal pain in early pregnancy 

TABLE 2.4.A.1 Abdominal pain due to obstetric or gynaecological causes

Presenting symptoms Clinical signs on 
presentation

Investigations Diagnosis Treatment

Lower abdominal pain, 
intermittent and very 
sharp

Vomiting

Mass in lower abdomen or on 
vaginal examination 

Warning: when performing 
a vaginal examination in 
a patient with abdominal 
pain who may be 
pregnant, consider ectopic 
pregnancy 

Pregnancy test 
is helpful in early 
pregnancy

Ovarian cyst which 
may become twisted 
(consider torsion if 
there is severe pain 
and vomiting)

Consider surgery if this 
is safe and available 

Lower abdominal pain

Signs of early 
pregnancy: tiredness, 
nausea and/or vomiting 
(especially in the 
early morning), breast 
swelling, increased 
urinary frequency

Light vaginal bleeding 
(takes > 5 minutes for 
clean pad to be soaked)

Shoulder pain

Fainting if ruptured 

Amenorrhoea with 
perhaps only one 
missed period

Rectal pain

Shock if ruptured (pale, 
sweating, fast heart rate > 100 
beats/minute), weak pulse 
volume, low blood pressure 
(systolic < 90 mmHg), drowsy, 
irritable, unconscious)

Caution must be exercised 
when performing a vaginal 
examination if an ectopic 
pregnancy is possible, 
because of the risk of 
rupture during and due to 
the examination 

Vaginal examination may show 
signs of early pregnancy (soft 
uterus), closed cervix, light 
bleeding, tender mass in one 
fornix, tenderness with cervical 
movement

Pregnancy test 
positive

Ultrasound 

Ectopic pregnancy 
which may be 
ruptured

Prepare operating 
theatre for immediate 
salpingectomy 

Treat shock

Group and cross- match 
4–6 units of blood 

Pelvic pain

Pain on intercourse

Vaginal discharge 

Fever

Tender lower abdomen

Tender on vaginal examination 
but do not undertake this 
if ectopic pregnancy is a 
possibility

Raised white blood 
cell count

Ultrasound

High vaginal swab for 
microscopy, culture 
and sensitivity

Pelvic infl ammatory 
disease

Antibiotics IV if severe: 
metronidazole plus:

either a macrolide such 
as erythromycin or 
azithromycin 

or doxycycline or 
ofl oxacin

Lower abdominal pain

History of termination 
of pregnancy attempted 
(may not be given even 
if this has occurred)

Vaginal bleeding

Fever

Vaginal bleeding (moderate to 
heavy)

Purulent vaginal discharge

If very severe, peritonitis (see 
above)

White blood cell 
count

Haemoglobin

Blood culture 

Septic abortion Treat shock

IV antibiotics 

May need an 
intervention such 
as manual vacuum 
aspiration to remove 
infected products of 
conception, or even 
hysterectomy (after 
stabilisation)
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TABLE 2.4.A.2 Abdominal pain due to coincidental causes

Presenting symptoms Clinical signs on 
presentation

Investigations Diagnosis Treatment

Lower abdominal pain

Nausea and/or vomiting

Anorexia

Constipation may occur

Low- grade fever (> 37.5°C)

Tenderness of the right iliac 
fossa, sometimes with rebound

Tender in the right iliac fossa 
on rectal examination (care is 
needed if ectopic pregnancy is 
a possibility)

Pregnancy test 

Raised white blood 
cell count

Ultrasound if skilled

Acute 
appendicitis

Appendicectomy

Severe abdominal pain

Vomiting

High fever

Abdominal distension

Rigid abdomen

Absent bowel sounds

Shock (see above for signs)

Peritonitis Treat shock

IV antibiotics

Nasogastric tube

Immediate laparotomy 
in operating theatre

Pain on passing urine

Increased frequency of 
passing urine

Nocturia

Fever (unusual) Microscope urine

Stick tests for infection 
(if available)

Urine culture and 
sensitivity (if available)

Cystitis Antibiotics by mouth 

Pain in the lower abdomen 
or loin

Nausea and/or vomiting

Increased frequency of 
passing urine with or 
without dysuria

Rigors

High fever

Tenderness of one of the loins 
over the kidney

Normal bowel sounds

Microscope urine

Stick tests for infection 
(if available)

Urine culture and 
sensitivity (if available)

Pyelonephritis IV antibiotics (IV 
gentamicin if patient has 
rigors or is shocked)

In the case of shock, 
initiate immediate 
treatment 

2.4.B Abdominal pain in late pregnancy 

TABLE 2.4.B.1 Abdominal pain due to obstetric causes

Symptoms Signs Diagnosis Investigations Treatment

Intermittent lower abdominal 
pain

Vaginal fl uid loss before 
37 weeks’ gestation 
suggesting premature rupture 
of membranes

Light vaginal bleeding*

Palpable uterine 
contractions

Cervical dilatation

Check for prolapsed 
cord if there is rupture of 
membranes

Possible 
preterm labour

Partogram Give two 12 mg doses 
of betamethasone or 
dexamethasone IM 
12 hours apart

Tocolysis only to give 
time for the steroids to 
work. Nifedipine 20 mg 
orally, followed by 20 mg 
orally after 30 minutes. 
If contractions persist, 
therapy can be continued 
with 20 mg orally every 
3–8 hours for 48–72 hours, 
with a maximum dose of 
160 mg/24 hours

Intermittent lower abdominal 
pain

Vaginal fl uid loss after 
37 weeks’ gestation 
suggesting rupture of 
membranes

Light vaginal bleeding

Palpable uterine 
contractions

Cervical dilatation and 
effacement

Check for prolapsed 
cord if there is rupture of 
membranes

Term labour Partogram See Section 2.3

(continued )
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Symptoms Signs Diagnosis Investigations Treatment

Lower abdominal pain, 
intermittent and very sharp

Mass in lower 
abdomen or on vaginal 
examination. Diffi cult to 
feel in pregnancy per 
abdomen or per vagina 
as the uterus is enlarged

Ovarian cyst 
which may 
become twisted 
(this is very rare 
in late pregnancy)

Ultrasound May need laparotomy

Severe constant abdominal 
pain

Light or heavy vaginal 
bleeding*

Fetal movements stop

Shock

Tense and very tender 
uterus on abdominal 
examination

Fetal distress or absent 
fetal heart

Placental 
abruption

Ultrasound Call for surgical and 
anaesthetic help
Left lateral tilt or recovery 
position

IV fl uid boluses for shock

Cross- match 4 units of 
blood and freeze- dried 
plasma if available

Deliver fetus as soon as 
possible if alive

There is a change 
(usually during labour) 
from intermittent labour 
contractions to a constant pain 
which may become less after 
rupture has occurred

Sometimes there is an 
oxytocin drip in place

Vaginal bleeding which may 
be light or heavy

History of a previous 
Caesarean section or other 
operation on the uterus

Shock

Abdominal distension

Tender over the uterus, 
with more easily palpated 
fetal parts

Absent fetal movements 
and heart sounds

Ruptured uterus Ultrasound may 
help diagnosis, but 
must not delay 
laparotomy

Call for surgical and 
anaesthetic help
Treat shock if present

Cross- match 4 units of 
blood and freeze- dried 
plasma if available

Prepare theatre for 
laparotomy after patient is 
stable

Foul- smelling watery vaginal 
discharge 

Lower abdominal pain

Premature labour or 
premature rupture of 
membranes

Light vaginal bleeding

Fever

Tender over the lower 
abdomen and uterus

Possible fetal distress

Chorio- 
amnionitis 

White blood cell 
count

Blood culture

Discharge for 
microscopy, culture 
and sensitivity

IV antibiotics before urgent 
delivery, whatever the 
gestational age:

Ampicillin 2 g IV every 
6 hours 

plus gentamicin 80 mg IV/
IM every 8 hours or 5 mg/
kg body weight IV/IM once 
every 24 hours 

plus metronidazole 500 mg 
IV every 8 hours

Purulent, foul- smelling lochia

Lower abdominal pain

Light vaginal bleeding

Fever

Tender uterus

Shock

Endometritis 
after birth 
(puerperal 
sepsis)

Raised white blood 
cell count

Blood culture

Lochia for 
microscopy, culture 
and sensitivity

Treat shock

IV antibiotics: 

Ampicillin 2 g IV every 
6 hours 

plus gentamicin 80 mg IV/
IM every 8 hours or 5 mg/
kg body weight IV/IM once 
every 24 hours 

plus metronidazole 500 mg 
IV every 8 hours

(continued )
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Symptoms Signs Diagnosis Investigations Treatment

Lower abdominal pain

Rare in late pregnancy, but 
may present postnatally

Swinging fever

Swelling in adnexa or 
pouch of Douglas

Tender uterus

Ultrasound

Pelvic abscess Raised white blood 
cell count

Blood culture

Pus for microscopy, 
culture and 
sensitivity

IV antibiotics:

Ampicillin 2 g IV every 
6 hours 

plus gentamicin 80 mg IV/
IM every 8 hours or 5 mg/
kg body weight IV/IM once 
every 24 hours

plus metronidazole 500 mg 
IV every 8 hours

Surgical drainage

Upper abdominal pain Headache

Visual disturbance

Oedema

Severe pre- 
eclampsia with 
impending 
eclampsia

Raised blood 
pressure

Protein in urine > 
++

Magnesium sulphate

Urgent delivery of fetus

*  Light bleeding is defi ned as taking longer than 5 minutes for a clean pad or cloth to become soaked. Heavy bleeding is defi ned as 
taking less than 5 minutes for a clean pad or cloth to become soaked.

TABLE 2.4.B.2 Abdominal pain due to coincidental causes

Symptoms Signs Diagnosis Investigations Treatment

Lower abdominal pain

Nausea and/or 
vomiting

Anorexia

Low- grade fever 
(> 37.5°C)

Tenderness of the right 
iliac fossa, sometimes 
with rebound

Tender in the right 
iliac fossa on rectal 
examination

Appendicitis White blood cell count 
elevated

Ultrasound if skilled

Appendicectomy

Severe abdominal pain

Vomiting

High fever

Abdominal distension

Rigid abdomen

Absent bowel sounds

Shock (see above for 
signs)

Peritonitis Treat shock

Consider immediate laparotomy: 
call surgeon and anaesthetist and 
prepare operating theatre

IV antibiotics: 

Ampicillin 2 g IV every 6 hours 

plus gentamicin 80 mg IV/IM every 
8 hours or 5 mg/kg body weight IV/
IM once every 24 hours 

plus metronidazole 500 mg IV every 
8 hours

Nasogastric tube on open drainage

Immediate laparotomy in operating 
theatre

Pain on passing urine

Increased frequency of 
passing urine

Nocturia

Rarely fever Cystitis Microscope urine

Stick tests for infection 
(if available)

Urine culture and 
sensitivity if available

Oral antibiotics

Pain in the lower 
abdomen or loin

Nausea and/or 
vomiting

Increased frequency of 
passing urine

High fever

Tenderness in one 
of the loins over the 
kidney

Normal bowel sounds

Pyelonephritis Microscope urine

Stick tests for infection 
(if available)

Urine culture and 
sensitivity if possible

Ampicillin 2 g IV every 6 hours 

plus gentamicin 80 mg IV/IM every 
8 hours or 5 mg/kg body weight IV/
IM once every 24 hours 

plus metronidazole 500 mg IV every 
8 hours
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2.4.C Vaginal bleeding in early pregnancy
In all cases a pregnancy test must be performed.

TABLE 2.4.C.1 Vaginal bleeding in early pregnancy

Symptoms Signs Diagnosis Treatment

Light bleeding

Cramping lower abdominal pain

Closed cervix Threatened 
miscarriage

Wait and see

Light bleeding

Abdominal pain, shoulder tip 
pain and/or rectal pain

Feeling faint on standing up, or 
fainting

Shock

Vaginal examination should 
be undertaken carefully (see 
Section 2.5.D.i)

Ectopic 
pregnancy 

See Section 2.5.D.i

Heavy bleeding

No history of products of 
conception passed

Cramping lower abdominal pain

Dilated cervix

Tender uterus that 
corresponds to dates

Shock if bleeding is severe

Severe anaemia if bleeding is 
prolonged 

Inevitable 
miscarriage

Cross- match blood and freeze- dried plasma if 
available

Treat shock if present

Evacuate products of conception (ideally by 
manual vacuum aspiration)

Give iron if the patient has anaemia

Light bleeding

Mild cramping lower abdominal 
pain

History of products of 
conception passed

Closed cervix

Soft uterus that is smaller 
than expected for dates

Complete 
miscarriage

Check haemoglobin levels

Give iron if the patient has anaemia

Heavy bleeding

Nausea and/or vomiting

Cramping lower abdominal pain

Passage of some products 
of conception which look like 
grapes

Dilated cervix

Soft uterus, larger than 
expected for dates

Molar 
pregnancy

Evacuate products of conception (ideally by 
manual vacuum aspiration). If symptoms persist 
and there is continued vaginal bleeding, repeat 
urine pregnancy test

Measure HCG levels if possible

Screen for pre- eclampsia (measure blood 
pressure, and urine for protein) 

Follow up for abnormal bleeding; if it occurs, 
perform a vaginal examination, ultrasound scan 
and measurement of HCG levels 

A history of pregnancy and self- 
induced abortion may or may 
not be given

Lower abdominal pain

Prolonged light to heavy 
bleeding

Lower abdominal tenderness

Foul- smelling vaginal 
discharge

Pus coming from the cervix

Fever

Tender uterus with pain on 
moving the cervix

Shock due to haemorrhage 
and/or sepsis

Induced 
abortion with 
infection

Treat shock if present

IV antibiotics:

Ampicillin 2 gram IV loading dose, then 1 gram 
IV every 6 hours

plus gentamicin 80 mg IV/IM every 8 hours or 
5 mg/kg body weight IV/IM once every 24 hours

plus metronidazole 500 mg IV every 8 hours 
until the patient has been fever- free for 48 hours

Manual vacuum aspiration (risk of uterine 
perforation): only when pulse and blood pressure 
are improving and after 24 hours of appropriate 
IV antibiotics and good urine output of > 30 mL/
hour

Correct DIC if there is a blood clotting disorder

If the patient remains shocked after 
resuscitation and/or heavy vaginal bleeding 
continues, they will need earlier surgery

After ensuring that there are no vaginal or 
cervical injuries, irrigate the vagina with sterile 
normal saline, Ringer- lactate or Hartmann’s 
solution to remove any herbs or caustic 
substances that may have been used to induce 
the abortion

(continued )
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Symptoms Signs Diagnosis Treatment

A history of pregnancy and self- 
induced abortion may or may 
not be given

Lower abdominal pain

Prolonged light to heavy 
bleeding

Severe abdominal pain

Urinary or faecal incontinence. 
Faecal discharge from vagina

Severe abdominal tenderness 
with rigid abdomen and ileus 
if there is peritonitis

Foul- smelling vaginal 
discharge

Pus coming from the cervix

Fever

Tender uterus with pain on 
moving cervix

Shock due to haemorrhage 
and/or sepsis

Induced 
abortion with 
injuries to 
genital tract 
and to bowel 
or bladder

Stabilise if shocked

Laparotomy to repair injuries

Manual vacuum aspiration (high risk of uterine 
perforation) after checking that there are no 
tears in the vagina or cervix which need repair

Appropriate IV antibiotics as above 

Light bleeding is defi ned as taking longer than 5 minutes for a clean pad or cloth to become soaked. Heavy bleeding is defi ned as 
taking less than 5 minutes for a clean pad or cloth to become soaked. 

2.4.D Vaginal bleeding in late pregnancy

TABLE 2.4.D.1 Vaginal bleeding in late pregnancy 

Symptoms Clinical signs Diagnosis Treatment

Severe constant abdominal 
pain

Light or heavy vaginal 
bleeding

Reduced fetal movements 

Shock

Tense and tender uterus on abdominal 
examination

Fetal distress or absent fetal heart rate

Placental abruption Call for surgical and 
anaesthetic help
Left lateral tilt or recovery 
position

IV fl uid boluses for shock

Cross- match 4 units of 
blood and freeze- dried 
plasma if available

Deliver fetus as soon as 
possible if viable, either 
by inducing labour or by 
Caesarean section 

Vaginal bleeding which can 
be light or very heavy

Bleeding can be precipitated 
by intercourse or artifi cial 
rupture of membranes

No pain

Soft uterus

Presenting part may be higher than 
expected

Fetus may be distressed, non- viable or 
uncompromised with normal movements 
and normal fetal heart rate pattern

Ultrasound will show placenta praevia

Do not undertake digital vaginal 
examination, as this may 
precipitate massive bleeding 
which can be fatal
Shock may be present, depending on the 
severity of bleeding and its duration

Placenta praevia Call for surgical and 
anaesthetic help

Treat shock if present

If preterm and not bleeding 
too heavily, give steroids, 
admit for bed rest, and 
only perform a Caesarean 
section if there is a further 
bleed

Cross- match ideally 4 units 
of blood

Usually a change from 
intermittent labour 
contractions to constant pain 

Oxytocin may be being used 
to augment contractions

Vaginal bleeding which may 
be light or heavy

History of a previous 
Caesarean section or other 
surgery on the uterus

Shock (especially an increasing heart 
rate detected ideally on partograph)

Abdominal distension

Tender over uterus, with more easily 
palpable fetal parts

Absent fetal movements and heart 
sounds

Ruptured uterus Call for surgical and 
anaesthetic help
Treat shock if present

Cross- match ideally 4 units 
of blood

Prepare theatre for 
laparotomy while 
resuscitating the patient

(continued )
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Symptoms Clinical signs Diagnosis Treatment

Heavy vaginal and other 
bleeding

Bleeding from sites in addition to the 
vagina

Signs of other conditions that may be 
responsible, such as:

 O placental abruption 
 O pre- eclampsia or eclampsia (high 

blood pressure and proteinuria)
 O retained dead fetus 
 O septicaemia, including intrauterine 

sepsis 
 O incompatible blood transfusion
 O amniotic fl uid embolism

Coagulation failure Fresh blood transfusion

Blood products such as 
platelets, fresh- frozen 
plasma and cryoprecipitate 
if available 

Light vaginal bleeding 

Bleeding can be precipitated 
by intercourse or artifi cial 
rupture of membranes

No pain

Fetal distress or death Vasa praevia (placental 
blood vessels lying in the 
membranes and in front 
of the baby’s head)

If diagnosed by ultrasound 
before labour, plan for 
Caesarean section 

2.4.E Vaginal bleeding after delivery

TABLE 2.4.E.1 Vaginal bleeding after delivery

Symptoms Signs Possible diagnosis

Immediate heavy bleeding after birth Uterus soft and not contracted Atonic uterus

Immediate heavy bleeding after birth Uterus contracted Trauma to cervix, vagina or perineum

Bleeding which may be light if clot is blocking cervix Placenta not delivered within 
30 minutes of birth

Retained placenta

Bleeding which is usually light but continues for 
many hours

Portion of placenta missing

Uterus contracted

Retained placental parts

Bleeding for > 24 hours Portion of placenta missing

Foul- smelling lochia may be present

Fever may be present

Severe anaemia

Retained placental parts with or 
without infection

Lower abdominal pain of varying intensity

Immediate but usually light bleeding

Uterus not felt on abdominal palpation

Inverted uterus may be seen at vulva

Bradycardia may be present

Shock

Inverted uterus

Usually during labour there has been a change from 
intermittent labour contractions to a constant pain 
which may become less severe after rupture has 
occurred

Sometimes an oxytocin drip is in place

Vaginal bleeding which may be light or heavy

History of a previous Caesarean section or other 
surgery on the uterus

Shock

Abdominal distension

Tender over uterus 

Ruptured uterus (more likely before 
delivery of the baby)
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2.4.F The diagnosis of breathing diffi culties in pregnancy
All of the symptoms and signs may not be present for all 
of the diagnoses listed in Table 2.4.F.1, and it is diffi cult 
to distinguish between some of them; some symptoms 

and signs will be a diagnosis of exclusion. It is therefore 
important to treat the treatable.

TABLE 2.4.F.1 Breathing diffi culties in pregnancy

Symptoms that may be present Clinical signs that may be present Diagnosis

Weakness

Tiredness

Pale conjunctiva, nail beds, palms of 
hands and soles of feet

Severe anaemia

Weakness

Tiredness

Dyspnoea

Signs of severe anaemia 

Oedema of legs

Basal lung crepitations

Tachycardia

Gallop rhythm

Enlarged liver

Elevated jugular venous pressure (JVP)

Heart failure due to severe anaemia

Dyspnoea Heart murmur

Irregular heart rhythm

Oedema of face and legs

Basal lung crepitations

Tachycardia

Gallop rhythm

Enlarged liver

Elevated JVP

Heart failure due to heart disease

Dyspnoea

Cough

Pleuritic chest pain

Fever

Tachypnoea

Respiratory distress

Reduced air entry

Bronchial breathing

Pleural rub

Rhonchi

Crepitations

Acute lower respiratory tract infection 
(pneumonia)

Dyspnoea

Cough

Respiratory distress

Tachypnoea

Wheezing

Rhonchi

Reduced air entry

Asthma

Dyspnoea Hypertension

Proteinuria

Oedema of face and legs

Basal lung crepitations

Tachycardia

Gallop rhythm

Enlarged liver

Elevated JVP

Pulmonary oedema due to hypertension 
and severe pre- eclampsia

Dyspnoea

Swelling of the leg

Pleuritic chest pain

Tachypnoea

Haemoptysis

Leg pain/swelling

Cyanosis

Shock

Central chest pain

Elevated JVP

Pleural rub

Pulmonary embolus

(continued )
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Symptoms that may be present Clinical signs that may be present Diagnosis

Collapse

Dyspnoea

Shock

Apnoea

Cardiac arrest

Cyanosis

Coagulopathy

Amniotic fl uid embolus

2.5 Life- threatening complications of pregnancy 
and delivery

2.5.A The pregnant woman or girl with shock during pregnancy and 
the puerperium

Introduction
The pregnant patient who is shocked due to hypovolaemia 
(the most common cause of shock; see below) will be pale, 
cold and clammy, have a rapid weak pulse, and may have a 
reduced conscious level, be confused or be unconscious. If 
the shock is due to sepsis, the patient’s skin may become 
warm from vasodilatation.

Shock results from an acute failure of circulatory func-
tion. Maintenance of adequate tissue perfusion depends 
on the following:

 O a pump (the heart): failure leads to cardiogenic shock
 O the correct type and volume of fl uid (blood): failure leads 

to hypovolaemic shock
 O controlled vessels (arteries, veins and capillaries): failure 

leads to distributive shock 
 O unobstructed fl ow: failure leads to obstructive shock
 O red blood cells: failure leads to dissociative shock.

The most common causes of shock are hypovolaemia 
from any cause, septicaemia, the effects of trauma and 
very severe anaemia. 

Classifi cation of causes of shock
Common causes are shown in bold type (see Table 2.5.A.1), 
and all causes are described in more detail in the relevant 
sections of this book.

Diagnostic pointers
During assessment and resuscitation, a focused history 
of the previous 24 hours and previous illnesses should 
be obtained. This may point to the likeliest working 
diagnosis for emergency treatment.

 O A history of vomiting and/or diarrhoea points to fl uid 
loss, either externally (e.g. gastroenteritis) or into the 
abdomen (e.g. appendicitis and peritonitis, early stages 
of gastroenteritis).

 O A history of bleeding. This may be vaginal bleeding, or 
‘silent’ bleeding into the abdominal cavity (as in ectopic 
pregnancy, placental abruption or ruptured uterus).

 O Fever or a rash points to septicaemia. 
 O Urticaria, angioneurotic oedema or a history of allergen 

exposure points to anaphylaxis. 
 O Heart failure points to severe anaemia (usually with 

severe pallor), valve disease or cardiomyopathy. 
 O A history of sickle- cell disease or diarrhoeal illness and 

low haemoglobin levels points to acute haemolysis. 
 O A history of major trauma points to blood loss, and, 

more rarely, tension pneumothorax, haemothorax, 
cardiac tamponade or spinal cord transection. 

TABLE 2.5.A.1 Causes of shock

Cardiogenic Arrhythmias 

Cardiomyopathy 

Heart failure 
Cardiac valvular disease 

Myocardial contusion 

Hypovolaemic Haemorrhage
Gastroenteritis
Volvulus 

Burns
Peritonitis 

Distributive 
(relative 
hypovolaemia)

Septicaemia
Anaphylaxis 

Anaesthesia 

Spinal cord injury 

Obstructive Tension pneumothorax 

Haemopneumothorax 

Flail chest 

Cardiac tamponade 

Pulmonary embolism 

Dissociative Very severe anaemia
Carbon monoxide poisoning 
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 O Severe tachycardia or signs of heart failure point to an 
arrhythmia or a cardiomyopathy. 

 O A history of polyuria, sighing respiration and a very high 
blood glucose level points to diabetes (see Section 2.7.D 
on diabetic ketoacidosis). 

 O A history of drug ingestion points to poisoning.

Physiology of shock
Shock is defined as an acute failure of circulatory 
function, leading to impaired delivery of nutrients and 
oxygen to, and impaired removal of waste products 
from, the body tissues.

Shock is a progressive syndrome, but its effects can be 
divided into the following progression.

Phase 1 (compensated) shock

TABLE 2.5.A.2 Compensated shock

Physiology Clinical effects 

Sympathetic refl exes maintain cardiac output by:
 O increased systemic arterial resistance
 O decreased blood fl ow to non- essential organs
 O increased heart rate
 O constriction of the venous reservoir
 O angiotensin and renin release leading to renal preservation of 

salt and water and reabsorption of intestinal fl uid

Normal systolic blood pressure (diastolic blood pressure may be 
increased due to vasoconstriction)

Tachycardia

Cool skin and increased capillary refi ll time 

Decreased urine output (< 0.5 mL/kg/hour, or < 30 mL/hour in 
the mother)

Confusion/agitation

Phase 2 (uncompensated) shock

TABLE 2.5.A.3 Uncompensated shock

Physiology Clinical effects 

Failure of compensatory mechanisms with decreased tissue 
perfusion leading to:

 O increased anaerobic metabolism, leading to lactic acidosis
 O acidosis impairs cardiac function and cellular homeostasis, 

leading to a further decline in cellular metabolic functions
 O infl ammatory mediators are released which further impair cell 

function and vital systems such as the coagulation cascade 
and platelet function

Hypotension

Cold peripheries and markedly increased capillary refi ll time

Acidotic breathing

Absent urine output

Impaired cerebral function

Phase 3 (irreversible) shock
The diagnosis of irreversible shock is a retrospective one.

Severe damage to vital organs leads to inevitable death 
due to diminished energy stores which cannot be replen-
ished even if circulatory function is restored. Therefore 
early recognition and effective treatment of shock are vital.

Physiology of septic shock
Tissue perfusion is decreased through the action of bacte-
rial toxins and host infl ammatory mediators. This results in 
the following:

 O abnormal distribution of blood in the microcirculation, 
sometimes with peripheral vasodilatation 

 O loss of intravascular fl uid into the extravascular space 
due to capillary leakage 

 O depressed myocardial contractility due to toxins and 
acidosis 

 O although cardiac output may be normal or raised from 
baseline, it may still be too low to deliver suffi cient oxygen 
and nutrients to the tissues, because in septic shock 
the cells do not use oxygen properly. There appears to 
be a block at the mitochondrial level in the mechanism 
of oxygen uptake. This progressive deterioration in cell 
oxygen consumption can lead to multiple organ failure. 

Early (compensated) septic shock
This is characterised by the following:

 O raised cardiac output with tachycardia

 O (sometimes) decreased systemic resistance, warm 
extremities and a wide pulse pressure

 O (sometimes) increased systemic resistance with cold 
extremities and a raised diastolic blood pressure 

 O hyperpyrexia and hyperventilation 
 O mental confusion.

All of these signs may be minimal. Mental confusion in par-
ticular needs to be looked for carefully, if septic shock is not 
to be overlooked at this stage. In the group with increased 
systemic resistance, decreased capillary return is a useful 
sign in these circumstances.

A pregnant patient may lose 1200–1500 mL of blood 
before showing obvious signs of shock (20% of circulating 
blood volume, 6–7 litres). Maternal signs of hypovolaemia 
are late.

Fetal distress may be the fi rst sign of shock in pregnancy.

Graphs to indicate the progression of shock 
in relation to clinical signs 
Stage 1
At fi rst, with less than 1000 mL of blood loss, there are 
very few signs and symptoms. The patient may be slightly 
anxious, and the pulse and respiratory rate are slightly 
elevated but still within the normal range. Therefore, if this 
is the fi rst recording taken, you may think it is normal for 
this particular patient, but it may in fact be abnormal for 
her (see Figure 2.5.A.1).
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Note that in the anaemic mother the signs may be 
worse and the risks may be greater earlier than this.

FIGURE 2.5.A.1 Stage 1 shock.

Stage 2
After further blood loss, the perfusion to organs is main-
tained by the body’s stress response. This increases the 
diastolic pressure, with a resultant reduction in the pulse 
pressure, and the pulse rate continues to rise, reaching 
over 100 beats/minute (see Figure 2.5.A.2).

Meanwhile, urine is not being produced and the moth-
er’s respiratory rate starts to increase.

Note that in the anaemic mother the signs may be 
worse and the risks may be greater earlier than this.

FIGURE 2.5.A.2 Stage 2 shock.

Stage 3
When 2000 mL of blood have been lost, a drop in blood 
pressure is observed, along with other signs and symp-
toms of hypovolaemia. It must be emphasised that 

hypotension, which is commonly used as an indicator 
of the severity of blood loss, is in fact a very late sign. 

Generally, the pulse rate should be lower than the 
systolic blood pressure. If the pulse rate is higher than 
the systolic pressure, the patient is in grave danger (see 
Figure 2.5.A.3). 

FIGURE 2.5.A.3 Stage 3 shock.

Note that in the anaemic mother the signs may be 
worse and the risks may be greater earlier than this.

Stage 4
If more than 2000 mL of blood are lost, this is an uncom-
pensated very late stage of hypovolaemia, which could 
very rapidly result in death if emergency measures are not 
initiated immediately (see Figure 2.5.A.4).

Note that in the anaemic mother the signs may be 
worse and the risks may be greater earlier than this.

In late (uncompensated) septic shock:
 O hypotension occurs as a result of decreased vascular 

resistance, and even with a normal or raised cardiac 
output, shock develops 

 O the cardiac output may fall gradually over several hours, 
or precipitously within minutes 

 O as tissue hypoxia develops, plasma lactic acid levels 
increase 

 O survival depends on the maintenance of a hyperdynamic 
state. 

Choice of fl uid for volume replacement 
Crystalloid or colloid fluids are appropriate for volume 
replacement in shock (see Section 2.8.B).

However, dextrose/glucose infusions (particularly hypo-
tonic ones such as 5% glucose or 0.18% saline in 5% glucose) 
do not constitute appropriate fl uid resuscitation, and can be 
dangerous because they lower serum sodium levels, which 
can result in seizures and brain swelling.

Compared with colloids, crystalloid fl uids:
 O diffuse more readily into the interstitial space 
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 O may be associated with more peripheral oedema 
 O where capillary leak exists, allow more water to enter the 

interstitial space, because of the lower osmotic pressure 
 O need two to three times the volume of colloids to expand 

the vascular space 
 O have been reported to be associated with lower mortality.

Nevertheless, the use of both crystalloids and colloids is 
appropriate, although crystalloids (e.g. Ringer- lactate or 
Hartmann’s solution or normal saline) are more likely to 
be available. 

Choice of crystalloid
The fl uid that was traditionally infused into the circulation 
for the management of shock was normal saline (0.9% 
sodium chloride). This fl uid has increasingly been shown 
to be dangerous, especially in the sick patient. An infusion 
of normal saline causes a hyperchloraemic acidosis (a high 
chloride concentration leading to an acidosis) which, in the 
shocked patient, who is already acidotic, causes a dete-
rioration in the health of cells in vital organs, even though 
perfusion of the cells has been improved by the increased 
circulating volume.

There are sodium- containing alternatives to normal 
saline that are safer as they approximate more closely to 
human serum/plasma in content (see Table 1.6.1), although 
they are slightly more expensive. We recommend the 
use of either of these alternatives – Ringer- lactate and 
Hartmann’s solution, which are widely available – for all 
fl uid replacement. Hospitals are advised to change their 
standard crystalloid from 0.9% (‘normal’) saline to Ringer- 
lactate or Hartmann’s solutions as soon as possible. 

As not all hospitals will have access to these solutions 
immediately, there may sometimes be no alternative but 
to start fl uid replacement with normal saline. However, if 
more than 20 mL/kg needs to be given, then one of the 
safer alternatives should be used in very sick patients if 
at all possible.

Blood
If there is signifi cant blood loss or pre- existing severe anae-
mia in the face of any blood loss, blood will be needed. Full 
cross- matching takes about 1 hour to perform. For urgent 
need, type- specifi c non- cross- matched blood (which is 
ABO-  and rhesus- compatible, but has a higher incidence 
of transfusion reactions) takes about 15 minutes to prepare. 
In dire emergencies, O- negative blood must be given.

Fluids should be warmed, especially if they are needed 
in large volumes. In the absence of heaters, bags of fl uid or 
blood can be warmed by placing them under the clothes 
next to the skin of a relative. Even this takes time, and 
another method is to pass the tubing of an IV set through 
a bowl containing warm water.

Primary assessment and resuscitation
Suspect or anticipate shock if at least one of the follow-
ing is present: 

 O bleeding in early pregnancy (e.g. miscarriage, induced 
abortion, ectopic pregnancy or molar pregnancy)

 O bleeding in late pregnancy or labour (e.g. placenta 
praevia, abruptio placentae, ruptured uterus)

 O bleeding after childbirth (e.g. ruptured uterus, uterine 
atony, tears of genital tract, retained placenta or pla-
cental fragments)

 O infection (e.g. induced or septic miscarriage/abortion, 
chorioamnionitis, endometritis, pyelonephritis)

 O trauma (e.g. injury to the uterus or bowel during induced 
abortion, ruptured uterus, tears of the genital tract).

Primary assessment indicating shock 
 O Fast, weak pulse (* 100–110 beats/minute).
 O Pallor (especially of the inner eyelids, palms or around 

the mouth).
 O Sweatiness or cold clammy skin.
 O Rapid breathing (> 30 breaths/minute).
 O Anxiety, reduced conscious level, confusion or 

unconsciousness.
 O Low blood pressure (systolic pressure less than 

90 mmHg is a late sign).
 O Reduced urine output (< 30 mL/hour). 

Resuscitation 
If heavy bleeding is the suspected cause of shock, take 
simultaneous steps to stop the bleeding. These consist of 
uterotonic drugs such as oxytocin or misoprostol, uterine 
massage, bimanual compression, aortic compression and 
condom catheter, and anti- shock garment in postpartum 
haemorrhage. Urgent surgical intervention may be required 
(e.g. for ruptured ectopic pregnancy).

Airway
Try at the same time to stop bleeding by surgical or specifi c 
medical treatments as urgently as possible.

 O Use an opening manoeuvre if the airway is not open or 
is partially obstructed. Keep the airway open. If there 
is improvement but the airway closes without active 
opening support, consider airway adjuncts to maintain 
the airway if the patient is unconscious (P or U on the 
AVPU scale). 

 O Suction if necessary.
 O The airway may need to be maintained and protected by 

intubation, using experienced senior help (if available).
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Breathing
 O Provide a high concentration of oxygen through a face 

mask with a reservoir bag if there is adequate spontane-
ous respiration.

 O For patients with inadequate ventilation, respiration 
should be supported with oxygen via a bag- mask, 
and experienced senior help should be summoned (if 
available). 

Circulation
 O Gain IV access. 

 — Use a short, wide- bore (16-  to 18- gauge) IV cannula 
if possible for IV access. 

 — Access via the internal or external jugular veins is a 
good option if peripheral access is impossible. Long 
saphenous vein cut- down may also be considered, 
and the new intraosseous drill can be used if all else 
fails (see Section 8.4.B).

 — Applying pressure on the site of the bleeding can be 
valuable in many circumstances, including postpar-
tum haemorrhage (see Section 2.5.D.iv) and external 
haemorrhage from major trauma.

 — Try to obtain two vascular access sites to give large 
volumes quickly, and in case one line is lost.

 — A blood pressure cuff can be used to speed up 
infusions in emergency situations. Wrap the cuff 
around the blood/fl uid bag and place it inside a non- 
compressible bag. (see Figure 2.5.A.5).

 O Use the left lateral tilt position or recovery position to 
minimise aortic and vena caval compression, and to 
reduce the risk of aspiration in patients after 20 weeks’ 
gestation.

 O Elevate the legs by raising the foot of the bed.
 O Consider using a non- pneumatic anti- shock garment 

(NASG).
 O Give an initial rapid bolus of 500 mL to 1 L of Ringer- 

lactate or Hartmann’s solution or blood if the patient 
is haemorrhaging. A colloid at the same dose can 
also be given, if available. It is essential that the bolus 
is given as rapidly as possible. In the absence of syringe 
pumps, it should be manually pushed in using a 20-  to 
50- mL syringe (using a three- way tap and link to an IV 
giving set). 

 O Further boluses of 500–1000 mL will usually be required 
in the fi rst hour. Once more than 2 litres have been given 
IV, complications such as pulmonary or cerebral oedema 
may occur. Expert help, including CVP monitoring, is 
very valuable if it is available.

The concept of ‘targeted crystalloid fl uid- resuscitation’ is 
important and requires urgent research into shock due to 
obstetric haemorrhage. Here the initial boluses of IV crystal-
loids required to treat shock would only be given to keep 
the vital organs (especially the brain, heart and kidneys) 
perfused before blood becomes available and, of most 
importance, surgery and specifi c medical treatments to 
stop the bleeding have started to take effect. The admin-
istration of too large a volume of IV crystalloids fl uids may 
increase the blood pressure, damage clotting and disrupt 
early clot formation. 

If this approach is used when giving boluses of crystal-
loid in shock due to bleeding (before blood is available and 
before procedures undertaken to stop haemorrhage are 
effective), only the amount necessary to keep the blood 

pressure at a level suffi cient to perfuse the vital organs is 
given. There is no clear evidence to indicate the precise 
blood pressure that should be achieved in a woman in 
shock due to haemorrhage. However, adequate perfusion 
of vital organs may best be indicated by a radial pulse 
which can be palpated and an alert conscious level. 
During pregnancy, the adequacy of the fetal heart rate may 
also be helpful.

Our personal practice, especially in low resource set-
tings, is to start with IV boluses of 500 mL of crystalloid 
and reassess after each bolus, always aiming to stop 
haemorrhage and obtain blood for transfusion as soon 
as possible. In situations where there is brisk active blood 
loss and delay in obtaining blood or effective intervention 
to halt the bleeding, several boluses of crystalloids may be 
required. The importance of undertaking measures to halt 
the bleeding and obtaining blood for transfusion rapidly 
cannot be overstated.

Tranexamic acid
If bleeding is the cause of shock, this inexpensive and safe 
drug can be helpful. The drug should be started as soon 
as possible after the onset of major haemorrhage, in order 
to be effective. 

The loading dose is 1 gram over 10 minutes followed by 
an IV infusion of a further 1 gram over a period of 8 hours. 
The slow IV bolus dose is given by injecting 1 gram of 
tranexamic acid into a 100- mL bag of 0.9% saline and let-
ting it run through over a period of about 10–20 minutes 
(the exact timing is not crucial). The 8- hour infusion is 
given by injecting 1 gram of tranexamic acid into a 500- mL 
bag of 0.9% saline and giving it over a period of 8 hours 
(approximately 60 mL/hour).

Keep the patient warm but do not overheat.

FIGURE 2.5.A.5 Pressure bag over the bag of Ringer-lactate or 
Hartmann’s solution to increase infusion rate.

Transfuse blood as soon as possible to replace 
blood loss.
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Determine the cause of bleeding
 O If bleeding occurs before the fi rst 24–28 weeks of 

pregnancy, suspect miscarriage, induced abortion, 
ectopic pregnancy or molar pregnancy.

 O If bleeding occurs after the fi rst 24–28 weeks or during 
labour, but before delivery, suspect placenta praevia, 
abruptio placentae or ruptured uterus.

 O If bleeding occurs soon after childbirth, suspect atonic 
uterus, retained placental fragments, ruptured uterus, 
tears of the genital tract or occasionally an inverted 
uterus.

 O In all cases consider the possibility of a primary or sec-
ondary blood clotting disorder.

Cases where infection is the suspected cause of shock
 O Collect appropriate samples (blood cultures, urine, pus, 

swabs) for microbial culture before starting antibiotics, if 
facilities are available but do not delay giving antibiotics 
because of specimen collection.

 O Give a combination of antibiotics to cover aerobic and 
anaerobic infections, and continue until the patient has 
been fever- free for 48 hours:

 — benzyl penicillin 2.4 grams initially, then 1.2 grams IV 
6- hourly or ampicillin 2 grams initially, then 1 g IV/IM 
every 6 hours plus gentamicin 80 mg IV/IM 8- hourly 
or 5 mg/kg body weight IV/IM once every 24 hours 
plus metronidazole 500 mg IV every 8 hours

 — or ceftriaxone 2–4 grams IV once daily or cefotaxime 
2 grams 12- hourly IV plus metronidazole 500 mg IV 
every 8 hours. 

 O If the patient is in shock, do not give antibiotics by 
mouth or IM, as they will not be absorbed. 

 O Reassess the patient’s condition for signs of improvement.

Cases where haemorrhage due to trauma is the cause 
of shock

 O Try and stop haemorrhage and if appropriate prepare 
for surgical intervention.

 O Give 500 mL IV crystalloid fl uid resuscitation boluses 
and reassess circulation after each bolus until blood is 
available (see above).

General issues
Avoid giving IV boluses of 5% dextrose or dextrose saline 
(4%/0.18%), as they cause hyponatraemia, and may result 
in cerebral oedema and death.

An antibiotic such as cefotaxime or ceftriaxone should 
always be given IV when a diagnosis of septicaemia is 
made obvious by the presence of a purpuric rash (suspect 
meningococcal infection).

Take blood for the following investigations (if available): 
full blood count (FBC), renal and liver function tests, blood 
culture, cross- matching, blood clotting, glucose stick test 
and glucose laboratory test.

 O Catheterise and monitor urine output.
 O If peritonitis is possible, add metronidazole IV.

Cases where a blood clotting disorder is present and 
fractionated blood products are not available

 O Use fresh whole blood (straight from the donor if pos-
sible). In general, in obstetric emergencies, volume 
overload is not a problem. 

 O If volume overload is a concern, allow the unit of fresh 
whole blood to stand for 30 minutes. The red blood 
cells will drop to the bottom, and the fl uid/plasma above 
them containing clotting factors can be drawn off with 
a syringe and needle, and plasma alone can be given. 

Central venous access
This can be valuable provided that the healthcare work-
ers present have the skills needed to do this safely as it is 
potentially hazardous. The catheter should be inserted in 
the intra- thoracic inferior vena cava or superior vena cava 
via the femoral, internal jugular or subclavian vein routes. 
However, it is essential that resuscitation is not delayed by 
trying to insert a central venous catheter. If there is a clotting 
disorder, never use the subclavian route. 

A normal central venous pressure (CVP) is 4–10 cmH2O, 
and optimising the CVP can improve cardiac output with 
less risk of inducing heart failure. Take great care if the CVP 
is > 12 cmH2O, as cardiac failure may be induced by exces-
sive IV fl uids, especially if severe anaemia, malnutrition or a 
primary cardiac disorder is present.

Reassess ABC on a regular basis.
Reassess the response to fl uids to determine whether 

the woman’s condition is improving. Signs of improvement 
include the following:

 O decreasing pulse rate (a rate of ) 100–110 beats/minute)
 O increasing blood pressure (systolic pressure * 

90–100 mmHg)
 O improving mental status (less confusion or anxiety)
 O increasing urine output (* 30 mL/hour).

Continue monitoring to ensure that the pulse rate and blood 
pressure do not deteriorate after improvement, indicating 
the return of shock.

If the mother’s condition improves, adjust IV fl uids 
to 1 litre over 6 hours, and continue management for the 
underlying cause of shock. 

If more than 3 litres have been given IV in a mother, 
and if shock is still present, call for anaesthetic assistance. 

Correct any hypoglycaemia.

Inotropes
An IV infusion of dobutamine and/or dopamine at 
5–20 micrograms/kg/minute should be considered, 
especially if a third bolus of fl uid is required. Sometimes 
adrenaline by IV infusion at 0.05–2 micrograms/kg/minute 
may be required.

These infusions can initially be given carefully through 
a peripheral vein until central venous access is obtained. 

Patients who require ventilation and inotropic support 
should be cared for in a high- dependency or intensive- care 
unit with invasive monitoring (if available). Seek early advice. 

BOX 2.5.A.1 Whole blood clotting time
If laboratory clotting tests are not available:

 Q Transfer 2 mL of venous blood into a small dry clean 
plain glass test tube (approximately 10 mm × 75 mm).

 Q Hold the tube in your closed fi st to keep it warm (+ 37°C).
 Q After 4 minutes, tip the tube slowly to see if a clot is 

forming. Then tip it again every minute until the blood 
clots and the tube can be turned upside down.

 Q Failure of a clot to form after 7 minutes, or formation 
of a soft clot that breaks down easily, suggests a 
blood clotting disorder.
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Airway

Breathing

High-flow oxygen–face 
mask + reservoir

Circulation
Lateral tilt or recovery position 

if after 20 weeks
Elevate legs

Wide-bore IV cannula or IO
Take blood from IV cannula: FBC, 
U&E, blood culture, cross-match (if 
bleeding), clotting, blood glucose –  

stick test and lab test

Bolus 500 mL to 1 litre of Ringer-lactate 
or Hartmann’s IV/IO  as rapidly as 

possible 

Second IV access for 
safety (ideally central 

vein or internal 
jugular)

Bleeding or suspected 

Give O-negative or cross-
matched blood if possible (1 

hour wait) Group specific blood 
(15 minutes wait)

Consider further bolus * 
If still shocked Ringer-

lactate or Hartmann’s or 
colloid, 500 mL to 1 litre 

Correct any 
hypoglycaemia

50 mL 25% glucose 
IV 

IV antibiotic for 
suspected 

septicaemia

Position: sniffing
Head tilt–chin lift
Jaw thrust
Oropharyngeal airway
Intubation

Rescue breaths – self-inflating 
bag and mask with reservoir 
100% O2

* After 2 litres of IV fluid 
boluses be aware of 
possibility of cardiac 

failure

Closed

Open

Yes
No

Yes

Reassess after every 
IV bolus

Consider tranexamic 
acid (1 g IV over 10 

minutes then 1 g over 
8 hours) and/or anti-

shock garment

CALL FOR HELP, INCLUDING SURGICAL AND 
ANAESTHETIC ASSISTANCE AS NEEDED

FIGURE 2.5.A.6 Shock in pregnancy or the puerperium: pathway of care. IV, intravenous; IO, intra-osseous; U&E, urea and electrolytes; 
PPH, postpartum haemorrhage.

2.5.B Severe anaemia, including sickle- cell disease

BOX 2.5.B.1 Minimum standards
 Q Oral and parenteral iron.
 Q Folic acid.
 Q Blood transfusion.
 Q Antimalarial drugs.
 Q Antihelmintic drugs.
 Q Haemoglobin measurements at healthcare facilities in 

the community.

Introduction
In normal pregnancy there is an increased total blood 
volume and a marked increase in plasma volume, so the 
haemoglobin concentration falls. Pathological anaemia is 

mainly due to iron defi ciency, associated with depleted iron 
stores before pregnancy and poor diet. Malaria is another 
major cause of anaemia in pregnancy. Anaemic women 
cope poorly with blood loss at delivery. Where amoebiasis 
and other hookworms are endemic, these may worsen 
the anaemia.

Prevention of anaemia
Oral iron supplementation is advised during all preg-
nancies. It is particularly important in the mother who is 
anaemic before pregnancy or who has a poor diet. The 
WHO recommends an iron supplement of 60 mg/day for 
mothers with adequate iron stores, and 120 mg/day for 
those women without adequate iron stores. Give ferrous 
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sulphate or ferrous fumarate 120 mg by mouth plus folic 
acid 400 micrograms by mouth once daily throughout 
pregnancy. Continue for 3 months postpartum. The mother 
may take the tablets after meals rather than in the morning 
if she prefers to do so.

In an endemic area, look for hookworm ova in the 
stools, and treat them if you fi nd them. If a laboratory is not 
available to identify them, assume that they are present. 
Wait until around16 weeks of pregnancy and then treat 
with mebendazole (‘Vermox’) 500 mg as a single treatment. 

If the mother has a large spleen and is anaemic, this 
is probably caused by malaria, which should be treated. 

In areas where malaria is endemic, institute intermit-
tent preventive treatment (IPT) with antimalarial drugs (see 
Section 2.8.D).

Severe anaemia is present if haemoglobin levels are 
less than 5.0 g/dL or if there are signs of heart failure and 
haemoglobin levels are less than 7.5 g/dL. This condition is 
very dangerous for both mother and baby.

Haemoglobin can be measured using either small drops 
of capillary blood or a venous sample. A portable battery- 
operated haemaccue (www.biomedcentral.com/content/
pdf/1472-6890-11-5.pdf)) or a paper chart method can 
be used in rural areas where clinics are held.

FIGURE 2.5.B.1 WHO test strip with colour scale for measuring 
haemoglobin in a rural area.

Presentation of severe anaemia
 O The patient will be weak, with near white palms, soles 

and tongue, and signs of heart failure if the anaemia 
is severe (see below).

 O In haemolysis, the urine may be dark brown in colour 
and there may be signs of jaundice.

Treatment of severe anaemia
If heart failure is not present, give ferrous sulphate 200 mg 
orally three times a day, vitamin C 1000 mg daily (this can 
increase haemoglobin levels by 1 gram/litre per week) and 
folic acid 5 mg once daily. If vitamin C is not available, iron 
tablets may be taken with orange juice to aid absorption. 

Parenteral iron: parenteral administration produces 
a larger and more rapid rise in haemoglobin levels, and 
is more effective in replenishing ferritin levels, so might be 

necessary for patients who cannot tolerate oral preparations 
or who are non- compliant, or if the anaemia is diagnosed 
late and rapid correction is required.

Parenteral iron is best given IV. Intramuscular injections 
are painful and may stain the skin. Do not give parenteral 
iron during the fi rst trimester.

IV preparations: the side effects of intravenous iron 
preparations are less common with iron sucrose than with 
iron dextran. Side effects of iron dextran include arthralgia, 
myalgia, pyrexia, fl ushing and hypotension. Serious hyper-
sensitivity is observed in approximately 1 in 200 patients 
with iron dextran (low- molecular- weight dextran) and 1 in 
50 000 with iron sucrose.

Iron sucrose (Venofer®): 200 mg (elemental iron). For 
IV infusion, dilute 10 mL of iron sucrose (200 mg) in 100 mL 
of 0.9% saline and infuse immediately after dilution. The 
fi rst 10 mL (20 mg) should be given slowly over 10 minutes 
and the remainder over 1 hour. No test dose is required 
for iron sucrose, as anaphylaxis is rare with this prepara-
tion. However, adrenaline must be available. A fall in blood 
pressure is possible if the iron infusion is given too quickly. 
IV infusions can be repeated weekly if the required rise in 
haemoglobin levels is not achieved, up to a maximum total 
dose of 1000 mg. 

Do not overdose with iron, as this can affect the 
absorption of other essential elements from the diet and 
increase the oxidative stress of pregnancy.

Treat for malaria, give prophylaxis (see Section 2.8.D), 
and prevent future inoculations with impregnated bed nets.

Treat any chronic parasitaemia (e.g. hookworm, 
schistosomiasis).

Where hookworm is endemic (prevalence of 20% or 
more), give one of the following antihelmintic treatments: 

 O albendazole 400 mg by mouth once; this must not 
be given in the fi rst trimester because it causes fetal 
anomalies

 O or mebendazole 500 mg by mouth once or 100 mg twice 
a day for 3 days 

 O or levamisole 2.5 mg/kg body weight by mouth once 
daily for 3 days 

 O or pyrantel 10 mg/kg body weight by mouth once daily 
for 3 days. 

Where hookworm is highly endemic (prevalence of 50% 
or more), repeat the antihelmintic treatment 12 weeks after 
the fi rst dose. 

T reatment of severe anaemia where there is 
heart failure
Give a high concentration of oxygen, bed rest and sit the 
patient upright (with lateral tilt as well if she is more than 
20 weeks pregnant).

 O Consider transfusion with packed cells if the hae-
moglobin concentration is less than 5.0 g/dL (with IV 
furosemide of 40 mg for each unit of packed cells). If 
blood cannot be centrifuged, let the bag hang until the 
cells have settled. Infuse the cells slowly and dispose 
of the remaining serum (see Section 1.7 on blood 
transfusion).

 O Partial exchange transfusion may be helpful. Use a can-
nula in a large vein in the antecubital fossa, withdraw 
20 mL of the patient’s anaemic blood and infuse 40 mL 
of new blood (ideally packed red blood cells) over 5 min-
utes and repeat 5–10 times. 
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If labour occurs when the patient is severely anaemic:
 O Deliver with the patient sitting up. 
 O Cross- match blood and have it available in case of 

postpartum haemorrhage (PPH).
 O Avoid a prolonged second stage as this increases the 

risk of PPH.
 O If there are signs of heart failure or maternal exhaustion 

shorten the second stage with a ventouse if possible.
 O Manage the third stage actively (give oxytocin), and 

suture any tears without delay.
 O The mother is in great danger for at least 48 hours 

after delivery. Prescribe iron and folate during the 
puerperium.

Sickle- cell anaemia in pregnancy
Sickle- cell anaemia is a disease in which the patient’s red 
cells form sharp points when they lack suffi cient oxygen. 
These pointed red cells are destroyed by the body, and as 
a result the patient becomes anaemic. Sickle- cell anaemia 
is harmful to pregnant mothers. It causes miscarriage and 
perinatal deaths. It also causes painful crises, which may 
be life- threatening. Infections, especially urinary and chest 
infections, are also more common.

BOX 2.5.B.2 Minimum standards
 Q A multidisciplinary team that includes an obstetrician, 

a midwife and a haematologist.
 Q Blood pressure and urinalysis monitoring.
 Q A facility for haemoglobin estimation and electropho-

resis, and other laboratory tests.
 Q Analgesia, including paracetamol, NSAIDs and morphine. 
 Q Blood transfusion.
 Q Oxygen. 
 Q Penicillin prophylaxis.
 Q Pneumococcal (PCV and Pneumovax), hepatitis B 

and Haemophilus infl uenzae vaccines.
 Q Ultrasound scanning.

Before pregnancy
Ideally, women with sickle- cell disease (SCD) should be 
seen before pregnancy so that they can be told about 
how pregnancy and SCD can interact, and how to achieve 
the best outcomes. This is also an opportunity to screen 
for end- organ damage or manage existing problems, and 
perhaps to discuss contraception. These activities could 
be undertaken in the context of a regular specialist sickle- 
cell review. 

Women should be encouraged to have their partner 
tested for haemoglobinopathy before becoming pregnant, 
so that the risk of having a child with SCD can be assessed. 
Prenatal diagnosis and possible termination of pregnancy 
may need to be discussed with the couple. 

A history of previous Caesarean section and uterine 
curettage should be obtained because of the increased 
risk of placenta praevia. 

An adequate nutritional assessment should be under-
taken. The patient’s pre- pregnant weight, height, and 
optimal weight gain in pregnancy should be recorded.

Women who are planning to conceive should be told 
about:

 O the role of dehydration (from nausea and vomiting), 

cold, hypoxia, overexertion and stress in the genesis 
of sickle- cell crises

 O the increased risk of worsened anaemia, crises, acute 
chest syndrome (ACS) and infection (especially urinary 
tract infection) during pregnancy

 O potential effects on the baby, such as prematurity, 
growth restriction and fetal distress. The rate of compli-
cations may depend on the type of SCD that is present

 O the increased risk of induction of labour and Caesarean 
section

 O the chance of their baby being affected by SCD
 O the outcome of pregnancy in SCD is usually favourable. 

Smith et al (1996) reported that 99% (283 of 286) of 
pregnancies delivered after 28 weeks’ gestation and 
resulted in live births, a rate that compares favourably 
with the rate of 99.29% for live births to African- American 
women in the same country (see Further reading at end 
of the section). 

Tests for chronic disease complications and 
other relevant issues
These include:

 O echocardiogram: used to screen for pulmonary hyper-
tension that is associated with increased mortality. A 
tricuspid regurgitant jet velocity of more than 2.5 m/
second is associated with a high risk of pulmonary 
hypertension

 O blood pressure and urinalysis: identifi es women with 
hypertension and/or proteinuria

 O full blood count with a reticulocyte index
 O haemoglobin electrophoresis
 O serum iron, total iron binding capacity (TIBC) and fer-

ritin levels
 O renal and liver function tests: performed annually to iden-

tify sickle nephropathy and/or deranged hepatic function
 O red cell antibodies: may detect an increased risk of 

haemolytic disease of the newborn
 O measurement of antibodies to hepatitis A, B and C, 

and HIV 
 O rubella antibody titre
 O tuberculin skin test 
 O pap smear, cervical smear, and gonococcus culture 

and screening for other sexually transmitted diseases; 
bacterial vaginosis testing should also be performed

 O retinal screening (if an ophthalmologist is available); 
proliferative retinopathy is common in patients with SCD 

 O T2- star (T2*) cardiac magnetic resonance imaging: this 
screens for iron overload in the multiply transfused who 
have a high ferritin level; aggressive iron chelation before 
conception is advisable in iron- loaded women.

Medication and vaccination
 O Penicillin (or erythromycin) prophylaxis: there is limited 

evidence of its effectiveness in pregnant women with 
SCD, although some authorities recommend it.

 O Folic acid (5 mg daily) is useful both before and through-
out pregnancy.

 O Hydroxycarbamide (hydroxyurea) is helpful in severe 
SCD, but it is teratogenic in animals. Women on this 
medication should use contraception and stop hydroxy-
carbamide 3 months before attempting to conceive. 
If they become pregnant, the medication should be 
stopped and an ultrasound scan performed to look for 
structural abnormality. Termination is not indicated just 
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because of exposure to hydroxycarbamide, as it is still 
possible to deliver an unaffected baby.

 O Angiotensin- converting enzyme inhibitors or angiotensin- 
receptor blockers are used in patients with SCD with 
signifi cant proteinuria (a protein:creatinine ratio of more 
than 50 mg/mmol), but they are not safe in pregnancy 
and should be discontinued prior to conception.

 O Chelation therapy (e.g. desferrioxamine) should be 
stopped prior to conception.

 O Vaccination against the following is recommended 
before pregnancy (if not previously given): Haemophilus 
infl uenzae type b, conjugated meningococcal C, and 
pneumococcus, hepatitis B and infl uenza.

Antenatal care
Antenatal care should ideally be delivered by a multidiscipli-
nary team that includes an obstetrician and a midwife with 
experience of high- risk antenatal care, and a haematologist 
with an interest in SCD. 

Discussion about pregnancy, SCD and vaccination 
should cover the points listed under ‘Before pregnancy’ 
above. Providing information and education about SCD, 
improving the mother’s nutritional status, malaria prevention 
and early detection of bacterial infection have a positive 
impact on SCD- related morbidity and mortality in Africa.

SCD may increase the risk of pre- eclampsia, so it 
is advisable to give low- dose aspirin (75 mg daily) from 
12 weeks’ gestation (unless there is an allergy). Because 
of the effects on fetal development, non- steroidal anti- 
infl ammatory drugs (NSAIDs) should only be given between 
12 and 28 weeks’ gestation. 

Iron supplements should only be given if there is labo-
ratory evidence of defi ciency (haemoglobin level less than 
11 g/dL). Live attenuated vaccines should not be given 
until after delivery.

The woman’s partner should be offered testing for 
haemoglobinopathy. If the partner is a sickle- carrier or 
has SCD, the risks of delivering an infant with SCD should 
be discussed. This should ideally occur within 10 weeks 
of conception, so that prenatal diagnosis and discussion 
about termination can be offered. Factors to be con-
sidered include coping skills for caring for a child with a 
serious illness, personal and cultural values with regard to 
childbearing, religious beliefs, the need and desire to have 
children, feelings and attitudes about abortion, and beliefs 
about self- determination versus fate as determinants of 
adverse events.

Pregnant women with SCD are likely to have an increased 
risk of venous thromboembolism, and their management 
should be tailored. Graduated compression stockings are 
an option. For hospital admissions, low- molecular- weight 
heparin is recommended (see Section 2.5.H).

Blood pressure and proteinuria assessment should 
occur at each visit because of the increased risk of 
pregnancy- induced hypertension in SCD. Any pre- existing 
proteinuria or renal impairment should be monitored more 
frequently. Women should be observed closely if their 
blood pressure rises above 125/75 mmHg, if their systolic 
blood pressure increases by 30 mmHg, or if their diastolic 
blood pressure increases by 15 mmHg, in association with 
oedema and proteinuria in the second trimester.

Urinalysis for protein should be performed at each 
antenatal visit, and midstream urine sent for culture and 

sensitivity if symptoms of urinary tract infection are present 
and routinely if resources allow microscopy.

Ultrasound scanning should ideally occur as follows:
 O Women should be offered a viability scan at 7–9 weeks’ 

gestation.
 O They should be offered the routine fi rst- trimester scan (at 

11–14 weeks’ gestation) and a detailed anomaly scan at 
20 weeks’ gestation. In addition, they should be offered 
serial fetal biometry scans (growth scans) every 4 weeks 
from 24 weeks’ gestation.

Transfusion in women with SCD who are 
pregnant

 O Routine transfusions are not required.
 O Red cell units should ideally be matched for Rhesus (C, 

c, D, E, e) and Kell type.
 O Ideally, cytomegalovirus seronegative units should be 

used.
 O Decisions about transfusion should be made by an expe-

rienced haematologist (if available) and an obstetrician. 
One approach is to consider initiation of transfusions 
for women who have complications such as pre- 
eclampsia, severe anaemia, or increasing frequency of 
pain episodes.

 O Each woman should have an individualised care plan 
that takes into account her previous sickle- cell and 
pregnancy history.

 O Treatment of acute painful crisis is the same as that 
for non- pregnant patients, with hydration, oxygen and 
analgesics, although doses of the latter may be higher. 
Reassurance should be given that morphine use dur-
ing pregnancy does not jeopardise the baby’s health. 
However, if large doses of morphine are needed in late 
pregnancy, the newborn may require opioid weaning.

Intrapartum care
No randomised controlled trials are available to guide the 
timing of delivery. If there is a normally growing fetus, offer 
elective birth through induction of labour, or by elective 
Caesarean section if indicated for other reasons, between 
38 and 40 weeks’ gestation. In low resource settings the 
risks of induction and the uncertainty about due date must 
be balanced against the potential increased risk of late preg-
nancy complications such as abruption and pre- eclampsia 
in SCD. SCD is not a contraindication to attempting vaginal 
delivery, or vaginal birth after previous Caesarean section.

A ‘group and save’ for possible transfusion is accept-
able for delivery unless there are atypical antibodies, when 
a cross- match should be requested (to reduce delays).

In women who have hip replacements it is important to 
discuss suitable positions for delivery.

During labour the following measures are recommended:
 O Inform the multidisciplinary team (the senior midwife in 

charge, senior obstetrician, anaesthetist and haematolo-
gist) when labour is confi rmed.

 O Maintain warmth and hydration.
 O Maintain continuous intrapartum electronic fetal heart 

rate monitoring if available, as there is an increased risk 
of fetal distress which may necessitate operative delivery. 
There is also an increased rate of stillbirth, placental 
abruption and compromised placental reserve.

 O Intravenous fl uids should be administered if oral hydra-
tion is inadequate. A fl uid balance chart should be kept. 
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Changes during the intrapartum period:
 O There is an increased frequency of sickle- cell crises 

and ACS.
 O Cardiac function can be compromised because of 

chronic hypoxaemia and anaemia.
 O There is an increased risk of painful crises with pro-

tracted labour (more than 12 hours). If the woman is well 
hydrated and labour is progressing, the labour should 
be carefully supervised. Caesarean section should be 
considered if labour is not progressing well and delivery 
is not imminent.

 O There is an increased oxygen demand. Use of pulse 
oximetry to detect hypoxia is appropriate. If the oxygen 
saturation is 94% or less, oxygen should be given by 
nasal cannula.

Routine antibiotic prophylaxis in labour is not supported 
by evidence, but hourly observations of vital signs should 
be performed. A raised temperature (> 37.5°C) requires 
investigation. The clinician should have a low threshold for 
commencing broad- spectrum antibiotics.

Women should be offered anaesthetic assessment in 
the third trimester of pregnancy, as general anaesthesia 
should be avoided where possible. Regional (epidural) 
anaesthesia during labour where available may reduce the 
need for both general anaesthesia for delivery and high 
doses of morphine with lower body sickle pain. Regional 
analgesia (spinal) is recommended for Caesarean section. 

Avoid pethidine because of the risk of seizures. 
Morphine is the most appropriate drug.

Postpartum care
 O If the baby is at high risk of SCD (based on paren-

tal haemoglobinopathy results), early testing for SCD 
should be offered.

 O Maintain maternal oxygen saturation above 94% 
and adequate hydration based on fl uid balance until 
discharge.

 O Low- molecular- weight heparin (or unfractionated hepa-
rin if former not available) should be administered while 

the woman is in hospital and for 7 days post- discharge 
following vaginal delivery, or for a period of 6 weeks 
following Caesarean section.

 O Anti- thrombotic stockings are recommended in the 
puerperium.

 O The risk of sickle- cell crisis is increased. Hydration and 
oxygenation should be maintained and early mobilisa-
tion encouraged. Crises should be managed as for 
non- pregnant women. NSAIDs can be given in the post-
partum period and during breastfeeding. Breastfeeding 
should be encouraged.

 O Postpartum contraceptive advice should be given. 
Progestogen- containing contraceptives, injectable con-
traceptives and the levonorgestrel intrauterine system 
are safe and effective in SCD. Oestrogen- containing 
contraceptives should be used as second- line agents.

 O Barrier methods are as safe and effective in women with 
SCD as in the general population. 

Further reading
Gladwin MT, Sachdev V, Jison ML et al (2004) Pulmonary 

hypertension as a risk factor for death in patients with 
sickle cell disease. New England Journal of Medicine, 350, 
886–95.

Koshy M, Burd L, Wallace D et al (1988) Prophylactic red- cell 
transfusions in pregnant patients with sickle cell disease: 
a randomized cooperative study. New England Journal of 
Medicine, 319, 1447–52.

Oteng- Ntim E and Howard J (2011) Management of Sickle 
Cell Disease in Pregnancy. London: Royal College of 
Obstetricians and Gynaecologists.

Smith J, Espeland M, Bellevue R et al (1996) Pregnancy in 
sickle cell disease: experience of the Cooperative Study 
of Sickle Cell Disease. Obstetrics and Gynecology, 87, 
199–204.

Sickle Cell Society (2008) Standards for the Clinical Care of 
Adults with Sickle Cell Disease in the UK. London: Sickle 
Cell Society.

National Institutes of Health (National Heart, Lung, and Blood 
Institute) (2002) The Management of Sickle Cell Disease, 
4th edn. NIH Publication No. 02- 2117. Bethesda, MD: 
National Institutes of Health (National Heart, Lung, and 
Blood Institute).

2.5.C Septic abortion or miscarriage

Introduction
Septic abortion is defi ned as abortion complicated by infec-
tion. Sepsis may result from infection if organisms rise from 
the lower genital tract following either spontaneous miscar-
riage or induced abortion. Sepsis is more likely to occur if 
there are retained products of conception and evacuation 
has been delayed. Sepsis is a frequent complication of 
unsafe abortion involving instrumentation.

Diagnosis
Consider the possibility of septic abortion in any woman or 
girl with a history of termination of pregnancy or attempted 
termination. Presentation is typically with some of the follow-
ing symptoms and signs: lower abdominal pain, prolonged 

vaginal bleeding, tender uterus, foul- smelling vaginal dis-
charge, purulent cervical discharge, fever and malaise.

Treatment
If septic shock is present, this will be shown by some of 
the following signs and symptoms:

 O fast, weak pulse (* 100–110 beats/minute)
 O pallor (especially of the inner eyelid, palms or around 

the mouth)
 O sweatiness with cold or warm (vasodilated) skin
 O rapid breathing (> 30 breaths/minute)
 O anxiety, confusion or unconsciousness
 O low blood pressure (systolic pressure < 90 mmHg is a 

late sign)
 O reduced urine output (< 30 mL/hour). 
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Resuscitation then proceeds as described below. 

Airway
 O Use an opening manoeuvre if the airway is not open or 

is partially obstructed. Keep the airway open. If there 
is improvement but the airway closes without active 
opening support, consider airway adjuncts to maintain 
the airway if the patient is unconscious (P or U on the 
AVPU scale). 

 O Suction if necessary.
 O The airway may need to be maintained and protected by 

intubation, using experienced senior help (if available).

Breathing
 O Provide a high concentration of oxygen through a face 

mask with a reservoir bag if there is adequate spontane-
ous respiration. 

 O For patients with inadequate ventilation, respiration 
should be supported with oxygen via a bag- mask, and 
experienced senior help summoned (if available). 

Circulation
 O Gain IV access. 

 — Use a short, wide- bore (16-  to 18- gauge) IV cannula 
if possible for IV access. 

 — The internal jugular and external jugular veins are 
good options for access if peripheral access is impos-
sible. Long saphenous vein cut- down may also be 
considered. 

 — Try to obtain two vascular access sites to give large 
volumes quickly, and in case one line is lost.

 O Elevate the legs by raising the foot of the bed.
 O Give an initial rapid IV/IO bolus of 500 mL to 1 litre of 

Ringer- lactate or Hartmann’s solution. It is essential that 
the bolus is given as rapidly as possible. 

 O Further boluses of 500–1000 mL will usually be required 
during the fi rst hour. Once more than 2 litres have been 

given IV, complications such as pulmonary or cerebral 
oedema may occur. If available, expert help, an anaes-
thetist, and the use of inotropes, sodium bicarbonate, 
and intermittent positive pressure ventilation (IPPV) 
with positive end- expiratory pressure (PEEP) are all 
potentially valuable. 

 O A fresh blood transfusion may also be important. 

Antibiotics after taking specimens for culture 
if facilities are available (blood cultures, high 
vaginal swab and urine)
All patients, whether shocked or not, must be given the 
following antibiotics without delay:

 O ampicillin 2 grams IV every 6 hours
 O plus gentamicin 80 mg IV/IM 8- hourly or 5 mg/kg 

body weight IV/IM every 24 hours
 O plus metronidazole 500 mg IV every 8 hours. 

All of these should be continued until the woman has 
been fever- free for 48 hours.

Patients who do not appear to be shocked on fi rst 
examination must still be frequently observed for the early 
signs of shock during the fi rst 6–12 hours. The frequency 
of observations can then be reduced.

Start antibiotics as soon as possible and ideally before 
attempting manual vacuum aspiration (MVA).

The woman or girl may also need the following:
 O MVA to remove infected products of conception. This 

is preferable to curettage, because perforation may 
already have occurred, or could easily do so because 
of the friable nature of the uterine wall 

 O hysterectomy after stabilisation if the infection cannot 
be controlled.

Further reading
Surviving Sepsis Campaign: www.survivingsepsis.org/

GUIDELINES/Pages/default.aspx

2.5.D Obstetric haemorrhage

2.5.D.i Ruptured ectopic pregnancy

Introduction
An ectopic pregnancy is defi ned as the implantation of 
the fertilised ovum outside the uterus, usually within the 
Fallopian tube.

When it is a few weeks old it ruptures the tube, resulting 
in bleeding into the peritoneal cavity.

If the fetus is expelled (‘tubal abortion’) it leaves from the 
fi mbrial end of the Fallopian tube with blood collecting as a 
haematoma, usually at about 8 week’s gestation.

If the Fallopian tube ruptures, there is generally severe 
abdominal pain, with or without shock, depending on 
the amount of bleeding. Rupture usually occurs from 
8 weeks’ gestation onwards, but the timing can vary 
depending on the exact site of the pregnancy and the rate 
of growth of the pregnancy tissue. As a result rupture is 
possible before 8 weeks and beyond 12 weeks’ gestation.

Cause of ectopic pregnancy
This is not known, but associated factors include the 
following:

 O pelvic inflammatory disease leading to salpingitis 
(especially as a result of gonococcus, chlamydia or 
TB infection)

 O if pregnancy occurs with an intrauterine contraceptive 
device in place (a rare occurrence)

 O previous tubal surgery resulting in tubal ligation or tubal 
re- anastomosis

 O previous ectopic pregnancy
 O previous intra- abdominal infection (peritonitis).

Sites of implantation
Implantation in the Fallopian tube is most common (over 
90% of cases), usually at the ampulla. Less common but 
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more dangerous is implantation at the interstitial end. The 
fetus can also rarely implant on the bowel, pelvic perito-
neum, cervix or ovary.

Clinical presentation: symptoms and 
signs

 O Abdominal pain that is lower abdominal (which tends to 
be unilateral), cramping or stabbing, due to distension 
of the tube and peritoneal irritation from blood in the 
abdominal cavity. Rupture results in generalized abdomi-
nal pain, often associated with distention, guarding and 
rebound tenderness (peritonism).

 O Shoulder tip pain, caused by blood irritating the 
diaphragm.

 O Rectal pain or perineal discomfort caused by the pres-
ence of blood in the pouch of Douglas.

 O Diarrhoea is an atypical symptom and can rarely be the 
main presenting complaint.

 O Hypovolaemic shock occurs as soon as suffi cient blood 
has been lost. Often there will be fainting or a feeling of 
faintness that requires the patient to lie down. 

 O A fast weak pulse (heart rate * 100 beats/minute).
 O Hypotension (a late sign after much blood has been lost: 

systolic pressure < 90 mmHg).
 O Vaginal bleeding, which can mimic a normal menses 

(75%):
 — usually dark, and not heavy 
 — may be irregular.

 O Signs and symptoms of early pregnancy are unusual. 
They include tiredness, nausea and/or vomiting (espe-
cially in the early morning), breast swelling and urinary 
frequency.

 O Anaemia if there is chronic slower bleeding.

In all women and girls of reproductive age with diarrhoea 
and/or dizziness or fainting, do a pregnancy test and con-
sider the possibility of ectopic pregnancy.

Abdominal examination reveals muscle guarding and 
rebound tenderness and probably fever. The differential 
diagnosis is appendicitis. There may be abdominal dis-
tension with shifting dullness if there is free blood in the 
abdomen.

Pelvic examination: caution must be exercised when 
performing a bimanual vaginal examination if an ectopic 
pregnancy is possible, because of the risk of rupture during 
and due to the examination. Vaginal examination may show 
general pelvic tenderness, sometimes with a mass in the 
fornix, or increased tenderness on one side. There may be 
cervical excitation, bluish discoloration of the vagina and 
cervix and/or slight uterine enlargement.

Diagnosis
Consider this diagnosis in particular if any anaemia, shock 
or abdominal pain is greater than expected for the amount 
of vaginal bleeding. Check whether the woman or girl has 
any risk factors for an ectopic pregnancy.

Differential diagnosis: threatened miscarriage, acute 
or chronic pelvic infl ammatory disease (PID), torsion or 
rupture of an ovarian cyst, acute appendicitis or peritonitis.

Tip test: Tilt the head down. If there is blood in the peri-
toneal cavity it will irritate the diaphragm; this is manifested 

as shoulder tip pain. This test is useful if it gives a positive 
result, but a negative result does not exclude haemorrhage.

Do a pregnancy test in all potentially fertile women and 
girls with abdominal pain, fainting or shock. If they are 
unable to provide a urine specimen, consider using a urinary 
catheter to obtain one. 

Ultrasound examination 
If there is a positive pregnancy test but no intrauterine preg-
nancy is seen on the ultrasound scan, an ectopic pregnancy 
is likely. The likelihood of ectopic pregnancy increases if free 
fl uid and/or an echogenic mass is seen. 

Culdocentesis is not recommended, as it may delay 
surgery and introduce infection.

Primary assessment and resuscitation 
of shocked patients
Call for help. A surgeon and anaesthetist must be urgently 
requested, and the operating theatre must be prepared.

Airway
 O Use an opening manoeuvre if the airway is not open or 

is partially obstructed. If there is an improvement, use 
airway adjuncts to support the airway or ask an assistant 
to hold it open. 

 O Suction if necessary.
 O The airway may need to be maintained and protected 

by intubation using experienced senior help (if available).

Breathing
 O Provide a high concentration of oxygen through a face 

mask with reservoir bag for patients with adequate 
spontaneous respiration.

 O For patients with inadequate ventilation or depressed 
conscious level (P or U on the AVPU scale), respiration 
should be supported with oxygen by bag- valve- mask 
infl ations and experienced senior help obtained, includ-
ing an anaesthetist.

Circulation
 O Elevate the legs and consider using a non- pneumatic 

anti- shock garment.
 O Gain IV access. 
 O Use a short wide- bore IV cannula if possible (14-  to 

16- G).
 O External jugular vein access is a good option if peripheral 

access is impossible. Long saphenous vein cut- down 
may also be considered, and, if the operator is ade-
quately trained, central venous access ideally via the 
internal jugular vein can be extremely helpful, or the intra-
osseous route if this is not possible (see Section 8.4.B).

 O Try to obtain two vascular access sites in order to give 
large volumes quickly, and in case one line is lost.

 O Take blood for cross- matching of 4–6 units, full blood 
count, renal function tests (if available) and blood clotting. 

 O Give 500 mL to 1 litre of Ringer- lactate or Hartmann’s 
solution by rapid bolus while awaiting blood for 
transfusion.

 O Remember that young healthy women and girls can lose 
a lot of blood before they become shocked, especially 
if it is a slow leakage rather than a sudden large loss 
of blood.
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The concept of targeted crystalloid fl uid resuscitation 
is important in management. Here the initial boluses of IV 
crystalloids required to treat shock would only be given 
to keep the vital organs (especially the brain, heart and 
kidneys) perfused before blood and, most important of all, 
surgery have become available. 

The administration of too large a volume of IV crystal-
loid fl uids by increasing blood pressure and damaging the 
coagulation system could increase bleeding by disrupting 
early clot formation. 

If this approach is adopted when giving boluses of crys-
talloid to patients who are in shock due to bleeding, before 
blood becomes available and here, of most importance, 
surgical intervention, only the amount needed to keep the 
blood pressure at a level suffi cient to perfuse the vital organs 
would be given. There is no clear evidence to indicate the 
precise blood pressure that should be achieved in a woman 
in shock due to a ruptured and bleeding ectopic pregnancy. 
However, adequate perfusion of vital organs may best 
be indicated by a radial pulse that can be palpated and 
an alert conscious level. 

Our personal practice is to start with IV boluses of 
500 mL of crystalloid or ideally blood and reassess after 
each bolus always aiming for urgent surgical intervention 
and blood transfusion. Several boluses of crystalloids may 
be required before these actions are possible. 

Disability
Conscious level on AVPU scale.

Central venous access
This is valuable if skilled staff are available to undertake it. 
Ideally it should be achieved using a multi- lumen catheter 
coated with heparin, if available, with the catheter placed 
in the intra- thoracic inferior vena cava (IVC) or superior 
vena cava (SVC). 

A normal central venous pressure (CVP) (see 
Section 2.7.A for details of measurement) is +4 to 
+10 cmH2O, and optimising the CVP can improve cardiac 
output with less risk of inducing heart failure. Take great care 
if the CVP is greater than 12 cmH2O, as cardiac failure may 
be induced by excessive IV fl uids, especially if severe anae-
mia, malnutrition or primary cardiac disorders are present.

Emergency treatment
If the diagnosis is ruptured ectopic pregnancy with shock, 
order blood for transfusion and immediately prepare the 
operating theatre. Obtain a surgeon urgently, and proceed 
to urgent laparotomy while resuscitation is under way. Do 
not wait for blood. 

At laparotomy, perform salpingectomy. Repair of the tube 
carries a major risk of future ectopic pregnancy, and should 
not be undertaken in resource- limited settings.

Autotransfusion
If blood is unquestionably fresh and free from infection, it 
can be collected after the abdomen has been opened and 
transfused. 

When the woman is on the operating table prior to 
surgery and the abdomen is distended with blood, it is 
sometimes possible to insert a needle through the abdomi-
nal wall and collect the blood in a donor set. 

Alternatively, open the abdomen and proceed as follows: 
 O Scoop the blood into a basin and strain it through gauze 

to remove all clots.
 O Clean the top portion of a blood donor bag (containing 

anticoagulant) with antiseptic solution and open it with 
a sterile blade. 

 O Pour the mother’s blood into the bag and infuse it 
through a fi ltered set in the usual way. 

 O If a donor bag with anticoagulant is not available, add 
10 mL of 0.3 molar sodium citrate to each 90 mL of 
blood. 

Advice post salpingectomy for ruptured 
ectopic pregnancy

 O If the other tube was macroscopically normal there is 
good chance of further successful pregnancy.

 O The risk of a recurrent ectopic is 10% or more; that is 10 
times the background risk therefore an early ultrasound 
scan is recommended (if available) as soon as a new 
pregnancy is suspected.

 O Offer family planning advice.
 O Consider treatment of pelvic infl ammatory disease for 

the patient and her partner if there was intra- operative 
evidence of pelvic infection and no clear history of previ-
ous treatment.

2.5.D. ii Miscarriage

Types of miscarriage
Consider miscarriage or induced abortion in any woman or 
girl of reproductive age if more than 1 month has elapsed 
since her last menstrual period, and one or more of the 
following is present: bleeding, lower abdominal pain, par-
tial expulsion of products of conception, dilated cervix, or 
smaller uterus than expected for gestation.

Spontaneous miscarriage
This is the loss of a pregnancy before fetal viability (28 weeks’ 
gestation in low- resource settings). It occurs in at least 15% 
of pregnancies.

The stages of spontaneous miscarriage may include 
the following: 

 O threatened miscarriage: pregnancy may continue

 O inevitable miscarriage: pregnancy will not continue 
and will proceed to incomplete or complete miscarriage

 O incomplete miscarriage: products of conception are 
partially expelled.

 O complete miscarriage: products of conception are 
completely expelled.

 O missed miscarriage: is not associated with symptoms 
but found incidentally on routine ultrasound scan or 
when ultrasound is performed to investigate a pregnancy 
that is not growing as anticipated. The time from fetal 
demise to expulsion from the uterus varies widely and 
it is not uncommon for a miscarriage to remain in situ 
for many weeks.

Miscarriages can be complicated by infection (see 
Section 2.5.C).
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Threatened miscarriage
Here there is light vaginal bleeding and sometimes cramp-
ing lower abdominal pain. On examination there is a soft 
uterus corresponding in size to the date of the last menstrual 
period, and the cervix is closed.

Ideally in the presence of bleeding the viability of the 
pregnancy should be assessed by sonicaid/Pinnard stetho-
scope (if gestation permits) or by ultrasound. However, if the 
bleeding is light and self- limiting and ultrasound is not easily 
available then a conservative approach can initially be fol-
lowed. Advise the woman to avoid strenuous exercise and 
sexual intercourse but bed rest is not necessary. Follow her 
up in the antenatal clinic. If the bleeding continues, assess 
for fetal viability and if the equipment is available perform an 
ultrasound scan. There is no medication that can prevent 
progression to a complete miscarriage. 

Inevitable miscarriage
This can be diagnosed clinically by the fi ndings of an open 
internal cervical os and/or the passage of products of 
conception per vagina. If in doubt the diagnosis should be 
confi rmed by ultrasound.

Incomplete miscarriage
Here there is a history of signifi cant bleeding (greater than 
menstruation), often with passage of clots and fetal tissue 
and varying degrees of lower abdominal pain secondary 
to uterine contraction. Bleeding can vary in severity and 
the cervix may be open or closed. Often the bleeding has 
reduced and almost stopped in which case, a complete 
miscarriage is an important differential diagnosis. 

Diagnose by visualisation or palpation of products of 
conception in or through the cervical os, or by visualisation 
of retained products of conception on ultrasound. 

Management of miscarriage 
There are three broad methods for managing miscarriage:
1 Expectant: No medical or surgical intervention is made 

but the patient is monitored for spontaneous resolution. 
This relies on ready access to emergency treatment and 
careful follow- up, and is therefore not commonly used 
in resource poor settings.

2 Medical: Medication is used to expedite or induce 
expulsion of the retained products of conception. In 
resource poor settings this is generally used only for 
later mid- trimester miscarriages (below).

3 Surgical: The uterus is surgically evacuated of the prod-
ucts of conception. 

Surgical Management
If pregnancy is less than 16 weeks this is the preferred 
management method where access to care and follow- up 
are restricted.

If the pregnancy is 12 to 16 weeks gestation with an 
unfavourable cervix that is likely to be diffi cult to dilate, then 
consideration should be given to:
1 ‘ripening’ the cervix with misoprostol 200 to 600 micro-

grams around 3 to 24 hours prior to the procedure
2 Using medical induction as for gestations of 16 weeks 

and over (below).
3 Expectant management – especially if the patient 

appears to be contracting and is otherwise stable
4 Performing the surgery under optimal conditions: in an 

operating theatre with local anaesthetic, the availability 

of a general anaesthetic, and with an experienced 
practitioner available.

If the cervix is open and/or some products have already 
been expelled a sponge forceps can be used to remove 
products of conception if they are visibly protruding through 
the cervix. A manual evacuation of the uterus can then be 
performed to ensure evacuation is complete.

 O Manual vacuum aspiration (MVA) (see Figures 2.5.D.ii.1, 
2.5.D.ii.2 and 2.5.D.ii.3) is the preferred method of 
evacuation. Evacuation by curettage should only be 
used if MVA is not available. 

 O If evacuation is not immediately possible and there is sig-
nifi cant bleeding, give ergometrine 200–500 micrograms 
IM or misoprostol 200 micrograms orally, sublingually 
or rectally.

 O Proceed to evacuation as soon as possible. 

If the pregnancy is more than 16 weeks; a late 
miscarriage: 

A detailed account of how this can be managed is given 
on pages 182–3.

In summary management, as above, can be divided into 
Expectant, Medical and Surgical approaches.

Expectant management is most appropriate when the 
miscarriage is progressing on its own.

Medical management includes oxytocin, mifepristone 
and misoprostol.

Surgical management for retained placental tissue either 
by Manual Vacuum Aspiration/curettage or, after 24 weeks, 
manual removal of the placenta is sometimes required. It 
is very important that this complication, which can cause 
chronic vaginal bleeding, is recognised.

Safe evacuation of retained products
 1 Explain the procedure and the reasons for undertaking 

it, and obtain consent.
 2 This must be a surgically aseptic procedure, with the 

use of sterile gloves and gown. Apply antiseptic solu-
tion (such as 0.5% chlorhexidine) to the vagina and 
cervix (especially the os) by fi rst inserting a high- level 
disinfected or sterile speculum into the vagina and then 
using a sterile or high- level disinfected sponge forceps 
with a cotton or gauze swab and giving three applica-
tions of antiseptic. 

 3 Where possible perform the procedure in the operat-
ing theatre. This is especially indicated if there is a risk 
of heavy bleeding (e.g. molar pregnancy, suspected 
coagulation disorder), if the procedure is poorly toler-
ated by the patient or if the cervical os is diffi cult to 
dilate or diffi cult to access. 

 4 Even when bleeding is not heavy, give oxytocin 10 units 
IM or ergometrine 200 micrograms IM before MVA 
to make the uterus firmer and reduce the risk of 
perforation.

 5 Prepare the MVA syringe by closing the pinch valve and 
pulling back on the plunger until its arms lock. In the 
case of large amounts of retained products (e.g. molar 
pregnancy), prepare two or three syringes. 

 6 Bimanually examine the uterus to assess whether it is 
anteverted or retroverted prior to instrumentation and 
to access its size.

 7 Provide an oral analgesic, paracetamol 1 gram, and 
if the cervix is not dilated suffi ciently to pass the MVA 
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catheter, prepare 20 mL of 0.5% lignocaine (without 
adrenaline) with a 3.5 cm long 22-  or 25- gauge needle 
to perform a paracervical nerve block.

 8 Using a Cusco’s or Sims’ speculum or vaginal retrac-
tor, visualise the cervix. You will need an adequate light 
source.

 9 Inject 1 mL of 0.5% lignocaine into the anterior or pos-
terior lip of the cervix, whichever has been exposed, if 
a tenaculum is to be used.

 10 Apply either a tenaculum or sponge (ring) forceps (the 
latter do not require administration of local anaesthetic, 
and are less likely to tear the cervix in incomplete mis-
carriage) to the lip of the cervix. 

 11 If the cervix is insuffi ciently dilated for the MVA catheter 
to be passed, perform a paracervical nerve block follow-
ing slight traction applied to the cervical lip to identify the 
junction between the cervix and the vaginal wall where 
injections of lignocaine are to be made. Inject 2 mL of 
lignocaine just under the epithelium (no deeper than 
3 mm) at 3, 5, 7 and 9 o’clock positions. Ensure that 
the needle is not in a vein with each injection by draw-
ing back the needle before injection, as IV injection of 
lignocaine is dangerous and can cause convulsions and 
cardiac arrest. Wait 2 minutes and check that the cervix 
is anaesthetised by pinching it gently with forceps. If 
the pinch is felt, wait for another 2 minutes. 

 12 Grasp the lip of the cervix with the sponge forceps and 
apply gentle traction. Cervical dilatation with Hegar dila-
tors is only needed where the cervical os is not dilated 
and is fi rm. Slowly introduce the dilators (the smallest 
one fi rst) into the cavity, checking carefully whether 
the uterus is anteverted or retroverted, until the resist-
ance felt on passage through the closed internal os is 
released and the dilator is felt to pass through it into 
the uterine cavity. Usually a dilatation of 10–12 mm is 
suffi cient. Ensure that the cervix is not torn or a false 
passage created by the dilators. 

FIGURE 2.5.D.II.1 Manual vacuum aspiration kit including 
cannulae of different sizes.

FIGURE 2.5.D.II.2 Inserting the MVA cannula.

FIGURE 2.5.D.II.3 Evacuating the uterine contents.

 13 Pass the MVA cannula gently with a rotating movement 
through the cervix into the uterine cavity just beyond 
the internal os. 

Slowly push the cannula into the uterus until it touches 
the fundus. Measure the depth by dots visible on the 
cannula and then withdraw the cannula by about 0.5 cm. 
Note the depth of the cavity and do not pass instru-
ments beyond this. The risk of uterine perforation is 
higher in cases complicated by sepsis, or in a postpar-
tum uterus with retained products of conception (see 
Section 2.5.D.iv). Also be aware that as it is evacuated 
the uterus generally contracts and thus the cavity will be 
smaller by the end of the procedure. Attach the prepared 
MVA syringe to the cannula and release the pinch valves, 
allowing the vacuum to transfer to the cannula and the 
inside of the uterus. 

Evacuate the uterine contents by gently rotating the 
syringe from 10 to 12 o’clock and moving the cannula 
back and forth within the uterus. Do not allow the can-
nula at this stage to be withdrawn past the cervical os 
into the vagina, as the vacuum will be lost. If the vacuum 
is lost or the syringe is more than half full, empty it and 
then re- establish the vacuum. Do not hold the syringe 
by the plunger arms while the vacuum is present, as 
they may become unlocked and the plunger will then 
slip back into the syringe, pushing materials back into 
the uterus. 

 14 To ensure that all products of conception have been 
removed, check that red or pink foam but no tissue is 
seen in the cannula. The uterus will have a ‘gritty’ feel 
when the cavity is empty, and haemostasis should be 
achieved. The uterus may contract around the cannula. 
Always examine the syringe contents after the proce-
dure. An absence of products of conception in a patient 
with signs of pregnancy or a positive pregnancy test and 
continued bleeding suggests three possibilities. Either 
the miscarriage was complete before evacuation, or the 
products are still in the uterus (in which case evacuation 
needs to be repeated), or there is an ectopic pregnancy. 
Be very careful about the third possibility.

 15 If MVA is not available and a curette is used, undertake 
the procedure up to Step 11 above. Apply the curette 
with fi rm but controlled movements in all four quadrants 
of the uterus (anterior wall, left lateral, posterior wall and 
right lateral). The uterus will have a ‘gritty’ feel when the 
cavity is empty, and haemostasis should be achieved. 
If there is ongoing bleeding ensure that the cavity is 
empty with additional gentle curettage.

 16 IV antibiotics should be given as a single dose unless 
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there are signs of sepsis, in which case a full course 
of antibiotics should be given (see Section 2.5.C). 
All patients should be treated prophylactically for 
Chlamydia trachomatis with either azithromicin 1 g 
orally stat or doxycycline 100 mg orally twice daily for 
7 days.

 17 Anti- D immunoglobulin prophylaxis, if available and 
affordable, should be given to women with a Rhesus- 
negative blood group. In well- resourced countries, 
a dose of 250 IU of anti- D immunoglobulin is given 
before 20 weeks’ gestation, and 500 IU after 20 weeks’ 
gestation.

 18 Give paracetamol, 500 mg to 1 gram orally, if needed 
for pain.

 19 If an unsafe induced abortion is suspected, examine 
the woman for signs of infection and uterine, vaginal, 
bladder or bowel injury, and thoroughly irrigate the 
vagina with sterile Ringer- lactate or Hartmann’s solution 
to remove any herbs, local medications or caustic sub-
stances before MVA is undertaken (see Section 2.5.C).

Follow- up and management after a 
miscarriage, especially where evacuation 
has occurred
Uncomplicated evacuations may not require follow- up. 
The patient should be encouraged to eat and drink and be 
mobile. She should be aware of the potential complications 
of miscarriage that include: retained tissue (sometimes 
requiring repeat evacuation), infection and haemorrhage. 
She should be advised to seek help if there are any symp-
toms suggestive of these complications, such as ongoing 
bleeding beyond 2 weeks, very heavy bleeding at any 
time, severe abdominal pain, offensive- smelling vaginal 
secretions, fever or malaise. Rigors or fainting potentially 
indicate severe complications, and the woman must return 
immediately to the hospital if these symptoms occur. Family 
planning must be discussed, and the woman advised to 
avoid pregnancy for at least 3 months.

In the case of mid- trimester miscarriages (>12 weeks’ 
gestation), consideration should be given to the cause of 
the miscarriage as it is less common at this time and more 
likely to be secondary to a treatable factor. As a minimum, 
malaria (where endemic), syphilis and urinary tract infection 
should be excluded or treated.

Uterine perforation
Uterine perforation may occur following evacuation of the 
uterus in either a medical or non- clinical setting. The risk of 
complications, such as infection, perforation, and damage 
to visceral organs such as bladder and bowel, is high where 
procedures are performed in non- clinical settings, and in 
such cases a laparotomy will be required along with high- 
dose intravenous antibiotics (see Section 2.5.C).

In most perforations where only the uterus has been 
damaged, the hole will heal spontaneously. Keep the 
woman under close observation for at least 48 hours. 

Symptoms and signs of perforation when it 
has occurred in a non- medical setting
These include severe abdominal pain, vaginal bleeding, 
weakness, and dizziness or fainting. On examination of 
the abdomen there will be guarding, rebound tenderness 
or a rigid abdominal wall. Frequently there will be signs of 
septic shock (see Section 2.5.A).

Complete miscarriage
Evacuation of the uterus is not needed. Observe closely for 
evidence of bleeding, and follow up the woman in the clinic. 

Miscarriage beyond 16 weeks’ gestation
Spontaneous miscarriage will generally result in expulsion 
of the complete fetus (this is also usually the case between 
12 and 16 weeks’ gestation) and placenta. These may be 
expelled together within the gestational sac or separately 
after rupture of the fetal membranes.

The patient may present with bleeding, pain, loss of 
liquor or a history of having already expelled the fetus before 
arrival. The examination may reveal an effacing and/or 
dilated cervix, bulging membranes, or fetal parts. The cervix 
may also be closed and the patient relatively asymptomatic 
despite a fi nding of fetal death on ultrasound. Ultrasound 
may reveal fetal cardiac activity despite evidence of an 
inevitable miscarriage. 

Management of late miscarriage can be divided into 
Expectant and Medical management with Surgical man-
agement reserved for retained placental tissue after fetal 
expulsion and the rare cases where life- threatening haem-
orrhage occurs and delivery is not rapidly achievable by 
any other means.

If there are no signs of labour and especially if the cervix 
is unfavourable then the use of mifepristone is benefi cial, 
but not essential if unavailable. 

Expectant management
This is best reserved for patients where the delivery/mis-
carriage process is clearly ongoing and is likely to occur 
spontaneously without medical intervention. If the deliv-
ery is urgent due to the maternal condition, the patient 
must be monitored closely to ensure the labour is pro-
gressing so that it can be medically augmented promptly 
if required.

Medical management
If spontaneous delivery is not expected or delayed then 
delivery can be expedited medically. If chorioamnionitis is 
suspected then delivery is urgent and induction should be 
started without delay and the patient treated appropriately 
with antibiotics and other measures as indicated during 
the process.

The patient needs to be assessed for evidence of infec-
tion, bleeding or other associated disorders and treated 
accordingly. 

The following investigations should be performed as a 
minimum: blood group and cross match, Hb, malaria RDT 
+/– malaria smear, urine analysis for possible infection.

If there are no signs of labour and especially if the cervix 
is unfavourable, then the use of mifepristone is benefi cial if 
available but can be omitted. If the delivery is urgent then 
either the interval between mifepristone and misoprostol 
treatment can be reduced or they can be administered 
together. 
1 Give mifepristone 200 micrograms orally.
2 Observe the patient in hospital for a period of 36 to 48 

hours.
3 Obtain intravenous access and give misoprostol 100 

micrograms vaginally or orally every 3 hours up to a 
total of 5 doses. Oral administration is advised following 
initial vaginal installation of the fi rst dose of misoprostol 
and assessment, especially, in the presence of ruptured 
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membranes, to reduce the risk of ascending infection. 
A sterile technique must be followed whenever vaginal 
assessments are performed.

4 Review by a doctor if delivery has not occurred within 
3 hours of the fi nal dose.

Note: The dose of misoprostol should be reduced to 
100 microgram beyond 27 weeks’ gestation and to 
50 microgram in women at higher risk of perforation e.g. 
grand- multiparae and after previous Caesarean section.

If mifepristone or misoprostol are not available, infuse 
oxytocin, 40 units in 1 litre of IV fl uid (Ringer- lactate or 
Hartmann’s solution) over 4 hours until expulsion of the 
products of conception occurs.

Following delivery, oxytocin 10 IU intramuscular should 
be given and the patient monitored for bleeding. 

If the placenta is not expelled with or immediately fol-
lowing the fetus, retained tissue is likely even if the placenta 
is eventually expelled. Have a low threshold for exploration 
and evacuation.

Where gestation is around 24 weeks it may be safer to 
remove the placenta manually as after a term pregnancy. If 
not possible then MVA/curettage  can be used. 

Abortion
This is the deliberate termination of pregnancy before the 
fetus is viable.

 O Unsafe abortion is a procedure performed by individuals 
who lack the necessary skills and/or in an environment 
that does not meet minimal medical standards. It may 
be attempted by ‘medically’ inducing the abortion or 
by ‘surgically’ expelling or removing products. The 
terms medical and surgical are used loosely here as 
‘medicines’ used include highly toxic herbs as well as 
over- the counter medicines taken in overdose. 

Likewise ‘surgical’ is used to describe anything from 
unskilled use of routine surgical instruments to self- 
insertion of sticks or other objects into the uterus to 
disturb the pregnancy. Unsurprisingly, complications fol-
lowing unsafe abortion are common and unsafe abortion 
is a major contributor to maternal mortality.

 O Septic abortion is abortion complicated by infection. 
Sepsis may result from ascending infection from the 
lower genital tract, and is more likely to occur if there 
are retained products of conception and evacuation has 
been delayed. It is a frequent complication of unsafe 
abortion involving instrumentation.

Molar pregnancy/gestational trophoblastic 
disease
This is relatively uncommon. Gestational trophoblastic 

disease refers to molar pregnancy (complete and partial 
moles), choriocarcinoma and placental site trophoblastic 
tumour.

Complete and partial molar pregnancies are distin-
guished by the presence of a fetus in the partial group. 
Complete moles usually result from duplication of a single 
sperm following fertilisation of an empty ovum. There is 
no evidence of fetal tissue. Partial moles usually result 
from dispermic fertilisation of an ovum. There is generally 
evidence of a fetus or fetal red cells. Only complete molar 
pregnancy is likely to progress to choriocarcinoma.

Signs of pregnancy are exaggerated. The uterus 
increases in size more rapidly than normal, vomiting is 
often but not always severe and constant, there may be 
pre- eclampsia in the early part of the second trimester, 
and `HCG levels are very high. The symptoms and signs 
that are typically present include heavy bleeding, a dilated 
cervix, uterus larger than dates and softer than normal, and 
partial expulsion of products of conception that resemble 
grapes. MVA is required to evacuate the uterus (with anti-
 D prophylaxis in Rhesus- negative women if available and 
affordable). Diagnosis in low- resource settings is very dif-
fi cult, and requires good- quality ultrasound and ability to 
monitor blood ̀ HCG levels before dilatation and curettage. 
The products of conception should be examined visually 
and ideally histologically.

Management of molar pregnancy
This is diffi cult and requires referral to hospital, ideally with 
expert facilities if these are available.

MVA will usually be required. There is a higher risk of 
bleeding, and therefore it is essential to cross- match blood 
prior to MVA.

Follow- up `HCG measurements, regular ultrasound 
and possibly chemotherapy will be needed (see below).

Chest X- ray and ideally liver function tests will also be 
required.

The woman should be strongly advised not to become 
pregnant within the next year, and family planning advice is 
particularly important.

Choriocarcinoma, a malignant condition, is the most 
serious form of mole. It may follow a normal pregnancy and 
be manifested as continuing vaginal bleeding. Metastasis 
may occur to the lungs and other organs, and specialist 
care will be required, including chemotherapy.

Further reading
World Health Organization (2012) Safe Abortion: technical and 

policy guidance for health systems, 2nd edn. http://apps.
who.int/iris/bitstream/10665/70914/1/9789241548434_
eng.pdf

2.5.D.iii Antepartum haemorrhage 

Introduction
Antepartum haemorrhage (APH) is defi ned as bleeding 
from the uterus or vagina occurring after potential viability 
from 24–28 weeks’ gestation. The main causes of APH are 
placenta praevia, placental abruption, and bleeding from 
cervical or vaginal lesions.

Bleeding from the cervix is common but is not usually 
heavy. It may be due to rapid cervical dilatation, cervical 

ectropion or polyps. Ectropions and polyps may become 
more vascular and friable in pregnancy, predisposing to 
bleeding. Endo- cervical and vaginal infections such as 
Chlamydia, Neisseria, Trichomonas and Candida can give 
rise to bleeding. Cervical carcinoma is another cause of 
APH.

Speculum examination should be performed in order 
to visualise the cervix and help to assess the likely cause 
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TABLE 2.5.D.III.1 Causes of major (> 500 mL) or massive (> 1500 mL) antepartum haemorrhage

Symptoms Clinical signs Diagnosis Treatment

Severe constant 
abdominal pain

Light or heavy vaginal 
bleeding (or non- visible 
bleeding in concealed 
abruption)

Reduced or absent fetal 
movements 

Dizziness

Shortness of breath

Confusion

Shock

Tense and tender uterus on abdominal 
examination

Fetal distress or absent fetal heart rate

Placental abruption Call for surgical and anaesthetic help

Oxygen

Left lateral tilt or recovery position

IV fl uid boluses for shock + blood

Cross- match 4 units of blood and 
freeze- dried plasma if available; 
transfuse prior to delivery if possible, 
to try to correct any clotting 
abnormality

Deliver the fetus as soon as possible 
if it is viable, either by inducing 
labour or by Caesarean section 

Vaginal bleeding that may 
be light or very heavy

Bleeding can be 
precipitated by 
intercourse or vaginal 
examination

No pain

Soft uterus

Presenting part may be higher than 
expected. Malpresentation is more 
common

Fetus may be distressed, non- viable or 
uncompromised with normal movements 
and normal fetal heart rate pattern

Ultrasound will show placenta praevia

Do not undertake digital vaginal 
examination, as this can puncture 
the placenta and precipitate massive 
bleeding which may be fatal
Shock may be present, depending on how 
heavy the bleeding is and for how long it 
has been occurring

Placenta praevia Call for surgical and anaesthetic help

Treat shock if present, including the 
lateral tilt or recovery position (see 
above)

Do not undertake digital 
vaginal examination, as this 
can puncture the placenta and 
precipitate massive bleeding 
which may be fatal
If preterm and not bleeding too 
heavily, give steroids, admit for 
bed rest and only go for Caesarean 
section if there is a further bleed

Cross- match ideally 4 units of blood 

Continuous abdominal 
pain

Vaginal bleeding that may 
be light or heavy

History of a previous 
Caesarean section or 
other surgery on the 
uterus

Shock (especially an increasing heart rate)

Tense, distended and tender abdomen

Easily palpable fetal parts

Absent fetal movements and heart sounds

Malpresentation – transverse lie

Signs of cephalo- pelvic disproportion

Scar from previous surgery

Haematuria

Ruptured uterus Call for surgical and anaesthetic help

Treat shock if present

Cross- match ideally 4 units of blood

Prepare operating theatre for 
laparotomy while resuscitating 
patient

Stop oxytocin infusion if in situ

Heavy vaginal and other 
bleeding

Bleeding from sites in addition to the 
vagina

Signs of other conditions that may be 
responsible, such as:

 O placental abruption 
 O pre- eclampsia or eclampsia (high 

blood pressure and proteinuria)
 O retained dead fetus 
 O septicaemia, including intrauterine 

sepsis 
 O incompatible blood transfusion
 O amniotic fl uid embolism

Coagulation failure Fresh blood transfusion

Blood products such as platelets, 
fresh- frozen plasma and 
cryoprecipitate if available 

Antibiotics if appropriate

Vaginal bleeding that is 
light 

Bleeding can be 
precipitated by 
intercourse or artifi cial 
rupture of membranes

No pain

Fetal distress or death Vasa praevia 
(placental blood 
vessels lying in the 
membranes and in 
front of the baby’s 
head)

If diagnosed by ultrasound before 
labour, plan for Caesarean section 
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of bleeding, as well as to aid evaluation of the severity of 
bleeding.

Bleeding from the vagina or vulva may result from local 
trauma or infection. Vulval bleeding may be due to vulval 
varices, and may be heavy.

Diagnosis
Important points in history taking include the following:

 O Is the bleeding provoked or unprovoked? 
 — Bleeding due to placenta praevia is likely to be unpro-
voked. However, bleeding may be precipitated by 
intercourse or vaginal examination.

 — Abruption is more likely after abdominal trauma.
 — Intercourse may cause bleeding from cervical or 
vaginal lesions.

 O Is the bleeding painful or painless?
 — Bleeding due to placenta praevia is usually painless.
 — Bleeding due to placental abruption is initially pain-
less, but as it continues contractions will occur and 
eventually become tonic with constant severe pain 
and a woody feel to the uterus.

 O Is it fresh or old blood?
 O Is the bleeding light or heavy?

Management of APH
This can be summarised as follows:

 O ABC.
 O Monitor vital signs.
 O Gain IV access and give fl uid resuscitation.
 O Send blood for urgent haemoglobin, grouping and 

cross- matching, as well as Kleihauer test (if available).
 O Catheterise the patient.
 O Perform an abdominal examination: assess uterine tone, 

tenderness, presence of contractions, auscultation of 
the fetal heart.

 O Do a speculum examination: assess for vaginal and 
cervical lesions, and severity of bleeding. If the placental 
site is unknown ideally an ultrasound scan should be 
performed fi rst. If not possible, caution must be taken as 
bleeding from a placenta praevia may be exacerbated 
by vaginal assessment.

 O Listen to the fetal heart.

Insert a venous cannula if any of the following are present: 
active bleeding, contractions, tenderness or increased tone 
of the uterus. If the patient is shocked, proceed to assess-
ment and resuscitation (see below).

Investigations: haemoglobin, platelet count, clotting 
tests, urea and electrolytes, liver function tests. Cross- 
match 4 units if there is major (> 500 mL) or massive 
(> 1500 mL) haemorrhage or if the bleeding is rapid; group 
and save if there is loss of < 500 mL and the bleeding is 
not ongoing. Perform a Kleihauer test, if available, if the 
woman is Rhesus negative or if there is major abdominal 
trauma.

Management of the different causes of 
APH
Placenta praevia
Placenta praevia is an abnormally situated placenta in the 
lower uterine segment. It presents with painless bleeding, 

often with no precipitating factor. Bleeding may be heavy 
and is bright red.

FIGURE 2.5.D.III.1 Increasing levels of low implanted placentas.

Prevention and protection
 O Early detection of placenta praevia is very important to 

prevent serious bleeding.
 O Any bleeding during pregnancy must be investigated 

by an ultrasound scan. 
 O Mothers with placenta praevia should have immediate 

access to an obstetric unit with facilities for Caesarean 
section.

 O Mothers over 28 weeks pregnant with a placenta praevia 
and bleeding should stay in hospital until delivery by 
Caesarean section, or live very near to an obstetric unit 
that can perform Caesarean section.

Never allow a digital vaginal examination to be undertaken 
on a patient with known or suspected placenta praevia, as 
it can precipitate massive vaginal bleeding. 

Careful speculum examination can help to exclude bleed-
ing from the cervix or vagina but if placenta praevia is known 
to be present then undertake with extreme caution, ideally 
in the operating theatre.

Placental abruption
 O Placental abruption refers to the premature separation 

of a normally situated placenta. The bleeding may be 
concealed or revealed, or mixed. It may be partial or 
complete (if complete, the fetus will be dead). 

 O The characteristic initial symptom is painless bleeding, 
which can be concealed or be associated with vaginal 
bleeding. As abruption becomes worse, contractions 
will occur and eventually become tonic with constant 
severe pain and a woody feel to the uterus. At this stage 
there will usually be shock, severe abdominal pain, and 
tenderness over the uterus. In early bleeding the uterus 
may still be soft to touch, but as the bleeding progresses 
it has a hard ‘woody’ feel due to uterine contraction. 
It may be diffi cult to palpate the fetal parts, the uterus 
may be large for dates and there may be signs of fetal 
distress or intrauterine fetal death. It is possible for large 
bleeds to be asymptomatic and even small bleeds can 
occasionally result in fetal death.

 O Disseminated intravascular coagulation (DIC) is a com-
mon complication. A large placental abruption can 
occur without any visible vaginal blood loss (concealed 
haemorrhage). 

 O Remember that blood loss is invariably underestimated. 
Young healthy women will compensate and maintain 
their blood pressure until they lose around 20% of their 
circulating volume.
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 O The main risk factor for placental abruption is a previous 
abruption. Increased maternal age, maternal hyperten-
sion and trauma also increase the risk.

Ruptured uterus 
Uterine rupture is full- thickness separation of the uterine 
muscle and the overlying visceral peritoneum, sometimes 
associated with extrusion of the fetus, placenta or both into 
the abdominal cavity. 

 O Bleeding from a ruptured uterus can occur either before 
(rare) or after the onset of labour, although the vast 
majority occur during labour itself. 

 O Risk factors for rupture include, obstructed labour due 
to cephalo- pelvic disproportion, multiparity (especially 
grand- multiparity), previous uterine surgery (including 
myomectomy and Caesarean section), and use of 
uterotonics (including misoprostol and oxytocin).

 O A previous Caesarean section scar may rupture dur-
ing labour. However, obstructed labour even without a 
uterine scar, particularly in a woman of high parity, may 
also cause uterine rupture. 

 O Excessive doses of oxytocin during labour can precipi-
tate uterine rupture and oxytocin should be used with 
particular caution in multiparous women, especially if it 
is being used to augment rather than induce labour. Any 
mother who is receiving this drug during labour should 
be assessed closely for contraindications before its 
administration, and should not be left alone. 

 O Extra careful consideration must be given to the 
administration of oxytocin in labour to a woman 
with a uterine scar, because of the increased risk of 
uterine rupture. This applies to women with previous 
myomectomy as well as to those with a previous 
Caesarean section.

 O In any setting, including resource limited settings, 
women with uterine scars should only receive oxy-
tocin before delivery when a high level of supervision 
is available. 

 O Ideally, always use a burette in- line giving set to admin-
ister IV oxytocin, to avoid over- dosage.

 O Rupture of the uterus can also occur following violence 
or major trauma. 

Symptoms and signs
 O Characteristically there is pain and tenderness over 

the uterus, with blood loss vaginally and cessation of 
contractions. 

 O Uterine rupture usually presents with shock, which is 
partly due to blood loss and partly due to increased 
vagal nerve stimulation (so there may be a slow pulse 
rather than a fast one). The baby is usually dead or has 
severe fetal distress.

 O There may be a change in the nature of the pain in 
labour, from severe intermittent pain to a constant pain.

 O Vaginal bleeding may or may not be present. Bleeding 
from a ruptured uterus can fail to drain vaginally due 
to an impacted fetal head, and usually the majority of 
bleeding is intra-abdominal in this situation.

 O Maternal shock can be made worse by dehydration, 
exhaustion and acidosis if prolonged obstructed labour 
has preceded the rupture.

 O The abdomen is tender to palpation, and the fetal parts 
can be too easily palpable.

 O On vaginal examination, the presenting part may be 

high or impacted; the fetal head may have retreated 
into the uterus.

 O There may be a marked maternal bradycardia (< 60 
beats/minute) due to increased vagal tone.

 O The main differential diagnosis is placental abruption.

Management 
1 Suspect uterine rupture in any patient with risk factors 

such as previous Caesarean section.
2 Primary assessment, resuscitation and emergency treat-

ment for shock (see below).
3 Call the obstetrician and anaesthetist.
4 Obtain consent and prepare the operating theatre.
5 Perform urgent laparotomy.
6 Give prophylactic IV antibiotics (ampicillin, gentamicin 

and metronidazole).

For a discussion of the dangers of oxytocin during labour, 
and its management and contraindications, see above (and 
see Section 2.5.F).

Vasa praevia
 O This is an uncommon but life- threatening condition for 

the fetus or neonate. In vasa praevia, fetal blood vessels 
run over or close to the cervix beneath the presenting 
part, unprotected by Wharton’s jelly or placental tissue. 
These vessels are vulnerable to laceration and compres-
sion, most commonly at the time of delivery. 

 O Fetal or neonatal death can occur due to exsanguination 
or asphyxiation.

 O Antenatal diagnosis can be made only by skilled ultra-
sound examination. Caesarean section is then needed 
to reduce the high mortality rate.

Failure of blood clotting 
This may be due to a pre- existing coagulation problem, 
or to complications of the pregnancy causing excessive 
bleeding and disseminated intravascular coagulation (DIC) 
(consumption of the clotting factors). 

Obstetric causes include the following:
 O placental abruption
 O pre- eclampsia or eclampsia
 O retained dead fetus 
 O septicaemia, including intrauterine sepsis 
 O incompatible blood transfusion
 O amniotic fl uid embolism.

Primary assessment and resuscitation 
and secondary assessment and 
emergency treatment for bleeding in 
pregnancy 
In any patient with vaginal bleeding and known or possible 
placenta praevia, a vaginal assessment should be avoided 
and performed with extreme caution if deemed to be 
essential. Ideally an ultrasound should be used to confi rm 
the placental site.

The aims are as follows:
 O to prevent shock and disseminated intravascular 

coagulation
 O to achieve intact fetal survival if viability is possible in 

the circumstances.
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Call for experienced obstetric and anaesthetic assistance 
(if available) and ensure that the operating theatre is ready

Airway
 O Open the airway using chin lift or jaw thrust techniques if 

it is closed or partially obstructed. If there is an improve-
ment, keep the airway open using either an assistant or 
an oropharyngeal airway if the patient is unconscious 
and this is tolerated without gagging. 

 O Suction if necessary.
 O The airway may need to be secured by intubation using 

experienced senior help (if available).

Breathing 
 O Normal respiratory rates in a pregnant mother at rest 

are 15–20 breaths/minute. Tachypnoea can be due to 
acidosis.

 O Provide high- fl ow oxygen by face mask with reservoir 
bag for adequate spontaneous respiration regardless 
of SaO2. This increases fetal oxygen delivery as well as 
improving maternal tissue oxygenation.

 O If ventilation is inadequate, especially when there is a 
depressed conscious level (P or U on the AVPU scale), 
airway and breathing should be supported by bag- valve- 
mask infl ations with high- fl ow oxygen, and experienced 
senior help should be called, including an anaesthetist 
if available.

Circulation
 O Normal heart rates in a pregnant mother at rest are 

60–90 beats/minute.
 O Normal blood pressure in a pregnant mother at rest is 

95/60–135/85 mmHg.
 O Remember to put the patient in the left lateral tilt position 

and elevate the legs.
 O Monitor the heart rate and blood pressure, and reassess 

regularly. Aim to keep the heart rate at ) 110 beats/
minute and the systolic blood pressure at * 100 mmHg.

Recognise the signs of hypovolaemia. These include 
the following: 

 O tachycardia 
 O tachypnoea
 O cold, pale, sweaty and possibly cyanosed skin
 O alteration of mental state: confusion or unconsciousness
 O fall in urine output to less than 30 mL/hour
 O narrowed pulse pressure
 O hypotension (this is a late sign).

Healthy women and girls who are pregnant can maintain 
a normal blood pressure when large volumes of blood 
are lost. Most, but not all, will demonstrate tachycardia if 
they are bleeding signifi cantly, but bradycardia may also 
be observed.

Remember that young healthy women can lose a lot of 
blood before they become shocked, especially if it is a slow 
trickle rather than a sudden large loss.

Restore circulating volume
 O Put the mother in the left lateral tilt or recovery position 

to minimise the effects of compression of the inferior 
vena cava or aorta. Lateral tilt can be achieved by using 
a pillow, blanket or rolled up towel. A wedge may be 

used during obstetric procedures. Assistants can also 
manually displace the uterus. 

FIGURE 2.5.D.III.2 Manual displacement of uterus and left lateral 
tilt.

 O Gain IV access and take blood for full blood count, 
cross- matching and blood clotting measurement. If IV 
access is not possible, consider intra- osseous needle 
insertion (see Section 8.4.B).

 — Use a short wide- bore IV cannula if possible, either 
14G (usually orange) or 16G (usually grey).

 — External jugular vein access is a good option if periph-
eral access is impossible. Long saphenous vein 
cut- down may also be considered. If adequately 
trained personnel are available, central venous 
access, ideally via the internal jugular vein, can be 
extremely helpful. If access is not possible, consider 
intra- osseous needle insertion (see Section 8.4.B).

 — Try to obtain two vascular access sites to give large 
volumes quickly, and in case one line is lost. Do not 
waste time, and as soon as the fi rst IV cannula is in 
place, give an IV fl uid bolus.

 — Take blood for cross- matching (ideally 4–6 units), full 
blood count, renal function tests (if available), and 
blood clotting. 

 O Elevate the legs.
 O Give an initial IV bolus of 500 mL to 1 litre of Ringer- 

lactate or Hartmann’s solution as fast as possible using 
a three- way tap and 20-  to 50- mL syringes to push in 
as rapidly as possible. If reassessment of the circulation 
shows little or no improvement, then a further 500 mL 
should be given and followed by blood transfusion as 
soon as this is available. (A normal adult has a circula-
tory blood volume of 5 litres, and during pregnancy this 
increases by 40% to 7 litres.)

 O Apply an anti- shock garment (if available) to help main-
tain adequate central circulation.

Tranexamic acid can be of benefi t in patients with continued 
bleeding. The loading dose is 1 gram over 10 minutes fol-
lowed by an IV infusion of a further 1 gram over 8 hours. The 
slow IV bolus dose is given by injecting 1 gram of tranexamic 
acid into a 100- mL bag of 0.9% saline and letting it run 
through over about 10–20 minutes (the exact timing is not 
crucial). The 8- hour infusion is given by injecting 1 gram 
of tranexamic acid into a 500- mL bag of 0.9% saline and 
giving it over 8 hours (approximately 60 mL/hour).

 O Ensure adequate transfusion; the best way to resusci-
tate the fetus is to resuscitate the mother. Inadequate 
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transfusion is common, especially in cases of placental 
abruption.

 O A central venous pressure (CVP) line can aid the deci-
sion as to whether more fluid is needed. However, 
insertion should not delay initial resuscitation, and must 
be undertaken by a competent person. If peripheral 
access is inadequate, this route may be used for volume 
replacement. If DIC is established, CVP insertion is more 
hazardous and the subclavian vein should be avoided, 
because it is not externally compressible. 

 O If shock is accompanied by a bradycardia of less than 
60 beats/minute (e.g. in a patient with a ruptured uterus), 
give atropine 500–600 micrograms as an IV injection. 

Blood products
 O Fresh whole blood is preferable for managing obstetric 

haemorrhage. 
 O Use cross- matched blood where available except in an 

immediately life- threatening emergency, when group- 
specifi c blood should be used, as cross- matching may 
take up to an hour. 

 O The patient’s blood group should be established dur-
ing pregnancy, to facilitate the provision of blood when 
it is needed. 

 O All large- volume infusions should be warmed. In 

particular, do not infuse cold fl uid through a CVP line. 
The patient should also be kept warm, as hypothermia 
will exacerbate poor peripheral perfusion, acidosis and 
coagulation abnormalities. Any benefi ts of blood fi lters 
may be outweighed by their deleterious effect on the 
speed of transfusion. A good way of warming blood is 
to place the cold bag under the clothes of a relative next 
to their skin until the blood is warmed.

 O Hand-infl ated pressure bags are effective for giving 
blood and other fl uids quickly (see Figure 2.5.A.5 on 
p. 170).

Identify and treat any blood clotting disorders.
 O Assess bedside clotting: coagulopathy is defi ned as 

failure of a clot to form after 7 minutes, or formation of 
a soft clot that breaks easily (see Section 7.5 for details 
of whole blood clotting time measurement). Suspect and 
aggressively treat blood clotting disorders using warmed 
fresh blood, platelets (if the platelet count is < 50 000 × 
109), fresh-frozen plasma (15 mL/kg) and cryoprecipitate 
as appropriate and if available.

 O Freeze- dried plasma is being used in the military in 
adverse conditions, as it is shelf stable for 2 years and 
easily reconstituted with sterile water within minutes. It 
would be a very useful addition to the emergency stores 

Call for surgical and anaesthetic 
help and initiate resuscitation

Airway
Breathing: 100% oxygen and 

mask/bag if not breathing

Circulation: left lateral tilt or 
recovery position and two IV lines 

(14—16G)  Elevate legs

If shocked: Give 500-mL boluses 
Ringer-lactate or Hartmann’s as 

rapidly as possible while awaiting 
blood*

Take blood for FBC, 
clotting and cross-
match 4 to 6 units

*Once available give 
warmed blood as much 
and as rapidly as needed.  
Ideally cross-matched 
(takes 1 hour) 
Blood type specific (takes 
15 minutes)
O-negative (immediate)

Listen for fetal heart sounds

If fetus is alive and of viable age 
consider immediate delivery

If there are no heart sounds confirm fetal 
death with ultrasound and exclude placenta 

praevia

Caesarean section under general 
anaesthetic

Placenta praevia
Major abruption
Ruptured uterus

No placenta 
praevia

Induce labour

If bleeding continues, consider 
tranexamic acid and the anti-

shock garment

Intensive monitoring throughout and 
keep the patient warm

Urinary catheter
Pulse, blood pressure, temperature 
and SaO2
Consider a CVP line (hazardous if 
DIC)
Monitor for clotting disorders (and 
treat)

Beware of subsequent PPH

If clotting disorder is 
present give warmed fresh 

blood

Beware of subsequent PPH, as 
the APH may have used up vital 

clotting factors

FIGURE 2.5.D.III.3 Pathway of care for massive antepartum haemorrhage (APH). FBC, full blood count; CVP, central venous pressure; DIC, 
disseminated intravascular coagulation; PPH, postpartum haemorrhage.
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in resource- limited countries where the use of fresh or 
frozen plasma presents major storage problems.

 O Urinary catheterisation is needed for measurement of 
hourly urine output. Aim for a rate of more than 30 mL/
hour.

When the patient is stable, move her to a place where 
there is adequate space, light and equipment to continue 
resuscitation and treatment.

Fetal assessment
When the mother has been resuscitated:

 O listen for fetal heart sounds
 O if signifi cant haemorrhage has occurred and the fetus 

is considered viable after birth in the prevailing circum-
stances, consider immediate delivery only if this is safe 
for the mother.

Anaesthetic issues
Cardiovascular instability is a relative contraindication to 
spinal anaesthesia. 

 O Rapid sequence induction agents with minimal periph-
eral vasodilator action, such as ketamine 1–2 mg/kg, 
should be considered. 

 O Adrenaline and atropine should be readily available 
in case cardiovascular collapse occurs on induction. 
Ventilation with high oxygen concentrations may be 
needed until the bleeding is controlled. 

 O Volatile agents have been associated with increased 
blood loss due to their relaxant effects on uterine muscle. 
Anaesthesia should be maintained with IV agents (usu-
ally ketamine) if uterine atony is a problem. 

 O If spinal anaesthesia is used, compensatory lower limb 
vasoconstriction is abolished, so profound hypotension 
may occur. 

Delivery options
 O Diagnose and treat the source of bleeding.
 O Perform Caesarean section for major abruption or 

placenta praevia.
 O Induce labour if the fetus is dead, there is no placenta 

praevia, the mother is stable and there is no signifi cant 
ongoing blood loss. 

 — Urine output should be monitored hourly and 
Caesarean section considered if labour does not 
become established fairly quickly. The longer the dead 
fetus remains in utero, the greater the likelihood of 
development of DIC. 

 — Expect and be prepared for massive postpartum 
haemorrhage, whether the baby is delivered vagi-
nally or by Caesarean section. In cases of severe 
APH that require surgery, discuss the possibility of 
hysterectomy.

It is often APH that weakens and PPH that kills, because APH 
uses up the clotting factors and platelets, leaving the woman 
in danger if PPH follows soon afterwards. 

If no safe operating theatre facilities for Caesarean 
section are present, give oxygen, transfuse fresh blood 
and transfer the patient as soon as she is safe and stable. 
Ensure that IV fl uids are in place, catheterise the patient, 
and ensure that she is nil by mouth.

Monitoring
Essential monitoring should include pulse rate and vol-
ume, blood pressure, respiratory rate, oxygenation (SaO2 
if available), temperature and fl uid balance (with a urinary 
catheter). Regular checks of the haematocrit, clotting stud-
ies and blood gases will help to guide resuscitation.

Monitor blood glucose levels and treat any 
hypoglycaemia. 

2.5.D.iv Postpartum haemorrhage 

Introduction
The defi nition of a postpartum haemorrhage (PPH) is blood 
loss of more than 500 mL from a vaginal birth and more than 
1 litre after a Caesarean section. It is common, occurring 
in 1–3% of all pregnancies. Globally it causes 25–50% 
of maternal deaths, and is the leading cause of death 
in low- resource settings.

Estimates of blood loss are inaccurate and tend to 
be low, often around half the actual loss. Blood is mixed 
with amniotic fl uid and sometimes with urine. It is also dis-
persed on sponges, towels and linen, in buckets and on 
the fl oor. 

The importance of any given volume of blood loss varies 
depending on the mother’s haemoglobin level. A mother 
with a normal haemoglobin level will tolerate blood loss 
that would be fatal for an anaemic woman. This is why it is 
essential to ensure that every woman who reaches labour 
has an adequate haemoglobin level.

Even healthy non- anaemic women can have cata-
strophic blood loss.

Bleeding may occur at a slow rate over several hours, 
in which case the condition may not be recognised until the 
mother is shocked. Previously healthy women can compen-
sate for substantial blood loss until a relatively late stage. 

Risk assessment in the antenatal period does not 
necessarily predict women who will have PPH. However, 
identifi cation and treatment of anaemia antenatally will allow 
women to better withstand life- threatening PPH. 

Prevention of PPH
Active management of the third stage of 
labour
This is essential for prevention of PPH, and it consists of 
four possible interventions:
1 a prophylactic uterotonic drug after delivery, after check-

ing that there is not a second twin present.
2 early cord clamping and cutting
3 controlled cord traction
4 uterine massage after delivery of the placenta.

Prophylactic uterotonic drug after delivery
This is the most important intervention. Oxytocin 10 IU 
IM or, especially if the mother is shocked, 5 IU by slow 
(over 1–2 minutes) IV injection is the fi rst choice because 
it causes uterine contractions to prevent atony rapidly and 
with minimal adverse effects. Atony is the most common 
cause of PPH (around 80% of cases). Where oxytocin is 
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unavailable or does not work, other uterotonic drugs should 
be used, including: 

 O ergometrine 200 or 500 micrograms IM or misoprostol 
600 micrograms sublingually or orally if the mother is 
fully conscious

 O misoprostol 800 micrograms rectally if the mother is 
drowsy or unconscious.

All uterotonic drugs should be given within 1 minute of the 
complete birth of the fetus, to aid separation of the placenta 
by enhancing uterine contractions and reducing the risk 
of bleeding from an atonic (relaxed) uterus. It is essential 
that, before giving such drugs, you are certain there is 
not another fetus in the uterus. 

Ensure that both oxytocin and ergometrine are pro-
tected from heat damage by paying close attention to the 
cold chain and their storage, otherwise they may not be 
effective. Ideally oxytocin should be stored in a fridge, but it 
can be kept at 15–30°C for 3 months. Oxytocin must never 
be frozen. Ergometrine should always be stored in a fridge at 
2–8°C. Misoprostol can be stored at ambient temperature.

Remember that ergometrine is contraindicated 
in heart disease, hypertension, pre- eclampsia and 
eclampsia, as it raises the blood pressure by vasocon-
striction, which increases the risk of cerebrovascular 
accidents. 

Early cord clamping and cutting
This is not an essential part of the active management of 
the third stage of labour, and it is no longer recommended 
unless the infant needs resuscitation.

Controlled cord traction
This is optional where delivery is undertaken by a skilled 
birth attendant, but contraindicated if a skilled attendant is 
not available. Details are given in Section 2.3.

Strong uterine massage
This should always be undertaken immediately after delivery 
of the placenta until the uterus is contracted and remains 
so. Check the state of contraction of the uterus every 
15 minutes for 2 hours, and repeat the massage if at any 
time the uterus becomes soft and relaxed. 

FIGURE 2.5.D.IV.1 Strong massage applied to cause uterus to 
contract.

FIGURE 2.5.D.IV.2 The third stage.

FIGURE 2.5.D.IV.3 The uterus during the puerperium.

In order to prevent PPH during or after Caesarean sec-
tion, the use of oxytocin plus cord traction is recommended 
in preference to manual removal of the placenta.

How to manage the third stage of labour if 
uterotonic drugs are not available
Unfortunately it is not uncommon for hospitals to run out 
of uterotonic drugs. In this avoidable and dangerous situ-
ation, expectant and/or physiological management should 
be undertaken. 
1 Place the baby on the mother’s breast.
2 Leave the cord alone. 
3 Observe for the following signs of placental separation:

 O a small gush of blood
 O a lengthening of the cord at the introitus
 O the mother feeling uncomfortable, feeling a contrac-

tion and wanting to ‘bear down’.

Most placentas separate within 1 hour of birth. If this 
does not happen, seek help. 

4 Deliver the placenta.
 O Sit the mother upright.
 O Encourage her to bear down with a contraction (only 

after placental separation).
 O Catch the placenta. If membranes are dragging 

behind it, gently twist a few turns and with slight 
traction and an up- and- down movement deliver the 
placenta plus membranes.

Controlled cord traction should not be undertaken prior to 
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the separation of the placenta in the absence of uterotonic 
drugs. 

Monitoring after the placenta has 
been delivered by active or expectant 
management
1 Monitor the blood pressure, pulse and state of the 

uterus (i.e. whether it is contracted) every 15 minutes 
for 2 hours after delivery of the placenta. 

2 Examine the placenta for completeness.

Causes of PPH
Primary PPH
This occurs within 24 hours of birth, and in around 80% of 
cases is due to uterine atony.

Remember the 4 T’s: Tone, Tissue, Trauma, 
Thrombin.

 O Tone: atonic uterus – failure to contract after birth.
 O Tissue: retained placenta or placental fragments.
 O Trauma: ruptured uterus, or trauma to the cervix, vagina 

or perineum.
 O Thrombin: clotting defects, notably disseminated intra-

vascular coagulation (DIC).

Remember also the following:
 O Haemorrhage may be concealed within the uterus 

or within the abdominal cavity.
 O A ruptured uterus can cause concealed bleeding, as 

can bleeding following Caesarean section. 
 O An inverted uterus is associated with PPH.
 O Any degree of PPH is dangerous if there has been 

severe anaemia before delivery. 

Secondary PPH
Secondary PPH (occurring from 24 hours or more after 
delivery up to 6 weeks after birth) is commonly associated 
with retained products of conception that undergo necro-
sis, become infected and prevent involution (sustained 
contraction) of the uterus. A fever suggests an infective 
component. 

See p. 198 for details of the management of this 
problem.

Factors that predispose to PPH
These include the following:

 O previous APH
 O retained products of conception
 O trauma to the uterus or birth canal (e.g. from instrumental 

delivery)
 O uterine over- distension (e.g. due to multiple pregnancy 

or polyhydramnios)
 O grand multiparity 
 O prolonged labour.

Management of PPH
First call for help (this must include a surgeon and an 
anaesthetist), palpate the uterus and massage it strongly 
and immediately, as it is most likely that an atonic uterus is 
the cause (see Figure 2.5.D.iv.1 and below).

Airway and breathing 
 O Ensure that the airway is open and remains so.
 O Provide high- fl ow oxygen through a face mask with res-

ervoir bag if there is adequate spontaneous respiration. 

TABLE 2.5.D.IV.1 Diagnosis of causes of PPH

Symptoms Signs Possible diagnosis

Immediate heavy bleeding after birth Uterus soft and not contracted Atonic uterus

Immediate heavy bleeding after birth Uterus contracted Trauma to cervix, vagina or perineum

Bleeding which may be light if clot is blocking 
cervix

Placenta not delivered within 
30 minutes of birth

Retained placenta

Bleeding which is usually light but continues for 
many hours

Portion of placenta missing

Uterus contracted

Retained placental parts

Bleeding for more than 24 hours Portion of placenta missing

Foul- smelling lochia may be present

Fever may be present

Severe anaemia

Retained placental parts with or 
without infection

Lower abdominal pain of varying intensity

Immediate but usually light bleeding

Uterus not felt on abdominal palpation

Inverted uterus may be seen at vulva

Bradycardia may be present

Shock

Inverted uterus

Usually during labour there has been a change 
from intermittent labour contractions to a constant 
pain which may become less after rupture has 
occurred

Sometimes an oxytocin drip is in place

Vaginal bleeding which may be light or heavy

History of a previous Caesarean section or other 
operation on the uterus

Shock

Abdominal distension

Tenderness over uterus 

Ruptured uterus (more likely before 
delivery of the baby)
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Give 100% oxygen (using a mask with reservoir and 
high fl ow rate). 

 O For patients with inadequate ventilation or depressed 
conscious level (P or U on the AVPU scale), respiration 
should be supported with oxygen via a bag- valve-mask, 
and experienced senior help should be summoned (if 
available). 

Circulation
Primary assessment denoting shock 

 O Fast, weak pulse (* 100–110 beats/minute). Normal 
heart rates in a pregnant mother at rest are 60–90 beats/
minute. Tachycardia is an early sign of shock. 

 O Low- volume (weak) pulse.
 O Pallor (especially of the inner eyelid, palms or around 

the mouth).
 O Sweatiness or cold clammy skin.
 O Prolonged capillary refi ll time (> 3 seconds).
 O Rapid breathing (> 30 breaths/minute). Normal respira-

tory rates at rest are 15– 20 breaths/minute; tachypnoea 
can be due to acidosis.

 O Low blood pressure (systolic pressure < 90 mmHg) is a 
very late sign. Healthy women and girls can maintain 
a normal or even high blood pressure while losing large 
volumes of blood.

 O Nausea with or without vomiting.
 O Anxiety, confusion or unconsciousness.
 O Reduced urine output (< 30 mL/hour). Urinary catheteri-

sation is needed for measurement of hourly urine output 
if the patient is shocked (normal output is > 30 mL/hour).

Procedures for stopping haemorrhage must be started 
immediately and then undertaken in parallel with IV fl uid 
resuscitation. 

Measures to stop further haemorrhage due 
to uterine atony
Rubbing up a contraction
Poor contraction of the uterus after delivery is the common-
est cause of PPH. Rub up a contraction of the uterus 
(do not just pinch the skin).

FIGURE 2.5.D.IV.4 Contraction of uterine muscle fi bres squeezes 
blood vessels shut.

As the muscle fi bres are stimulated to contract, they 
compress the blood vessels running between the muscle 
fi bres and help to stop bleeding.

Abdominal massage of the uterus
If the uterus is atonic, a contraction may be rubbed up by 
abdominal massage. 

 O Massage the fundus in a circular motion with the cupped 
palm of your hand until it is contracted.

 O When it is well contracted, place your fi ngers behind the 
fundus and push down in one swift action to expel clots.

Uterotonic drugs
These drugs make the uterus contract.

Give 10 IU of oxytocin IM or 5 IU IV slowly, especially if 
the patient is already shocked, and repeat after 5 minutes 
if they are still bleeding and/or the uterus is not contracted. 
This is the drug of fi rst choice. 

Oxytocin starts to work 2–3 minutes after IV injection, 
but has a relatively short duration of action, and an infusion 
will be needed to maintain a contracted uterus. Following 
an oxytocin bolus, give an IV infusion of oxytocin 40 IU in 
500 mL (60 drops/minute with a standard IV giving set 
where 20 drops = 1 mL) or 1 litre (120 drops/minute) of 
Ringer- lactate or Hartmann’s solution over 4 hours. 

Side effects include hypotension (due to vasodilatation 
when given as a rapid IV bolus) and fl uid retention. 

If the mother does not have eclampsia, pre- eclampsia 
or hypertension, ergometrine 200 to 500 micrograms IM 
in addition may help uterine contraction. If the fi rst dose of 
oxytocin does not stop bleeding within a few minutes, give 
misoprostol (which, unlike oxytocin and ergometrine, does 
not need to be kept in a refrigerator). It is given rectally as 
4 × 200 microgram tablets or pessaries (800 micrograms in 
total) or, if the patient is conscious, orally as 3 × 200 micro-
gram tablets or 2 × 200 micrograms of powder sublingually.

Ergometrine, either as part of Syntometrine (oxytocin 
5 IU and ergometrine 500 micrograms IM) or alone, is 
contraindicated in pre- eclampsia, as its hypertensive action 
increases the risk of convulsions and cerebrovascular 
accidents.

Urinary catheterisation 
This may help the uterus to contract. 

Bimanual uterine compression
If heavy PPH continues despite uterine massage, and with 
the placenta already delivered, this procedure can be very 
effective. If the placenta is still in place priority should be 
given to removing it as soon as possible.

 O You must wear sterile or disinfected gloves (ideally long 
versions up to the elbow).

 O Introduce your right hand into the vagina, clench your 
fi st with the back of your hand positioned posteriorly 
and your knuckles in the anterior fornix.

 O Place your other hand on the abdomen behind the 
uterus and squeeze the uterus fi rmly between both 
hands. 

 O Continue compression until the bleeding stops (i.e. there 
is no bleeding when compression is released), and the 
uterus is contracted.

Although this procedure is painful, it is highly effective and 
can signifi cantly reduce or even successfully treat uterine 
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haemorrhage. Therefore, if the bleeding is profuse, and the 
number of staff attending the patient allows, it is a good 
idea for one member of the team to commence bimanual 
compression while uterotonic drugs are prepared and given, 
and initial fl uid resuscitation commenced.

FIGURE 2.5.D.IV.5 Bimanual compression.

Aortic compression
If bleeding still persists, apply aortic compression.

 O Apply downward pressure with a closed fi st (with your 
thumb outside the fi st) over the abdominal aorta directly 
through the abdominal wall. 

 O The point of compression is just above the umbilicus 
and slightly to the left. 

 O Aortic pulsations can be felt through the anterior abdomi-
nal wall in the immediate postpartum period. Press the 
aorta down on to the vertebral column.

 O With your other hand, palpate the femoral pulse with four 
fi ngers parallel to and just below the inguinal ligament 
to check the adequacy of compression. 

 O If the pulse is palpable during compression, the 
pressure exerted by the fi st is inadequate. 

 O If the femoral pulse is not palpable, the pressure 
exerted is adequate. 

FIGURE 2.5.D.IV.6 Aortic compression.

Continue until the bleeding stops. If it does not stop, 
continue to exert pressure while transferring the mother to 
a facility where expert help is available. 

Uterine tamponade
Uterine packing with a hydrostatic balloon such as a Rusch 
balloon or condom over a simple in–out urinary catheter can 

help to control haemorrhage from an atonic uterus that does 
not respond to the above measures. The uterus may also be 
packed with a sterile pack or gauze, although it is important 
to ensure any gauze used is tied together, counted carefully, 
and extended into the vagina to facilitate removal.

A condom catheter, which is inserted into the uterus 
as a sterile procedure and fi lled with 250–500 mL of sterile 
Ringer- lactate or Hartmann’s solution or 0.9% saline to 
create a uterine wall tamponade, is an effective way of 
stopping uterine bleeding that is continuing despite the use 
of uterotonic drugs and procedures (see Figure 2.5.D.iv.7). 
It is important to check that the balloon is fully inside 
the uterus as it is infl ated, and to take measures to 
ensure that it does not become displaced into the 
vagina. This can be done by packing the vagina with a 
pack or gauze swab.

FIGURE 2.5.D.IV.7 Condom catheter infl ated with sterile IV fl uid.

Leave the balloon in position until the bleeding has 
stopped for up to 24 hours (the exact time needed is 
unclear). Before removing it, ensure that at least 1 unit of 
cross- matched blood for possible transfusion is available, 
with the possibility of making more available if required. 
Theatre staff and an anaesthetist should be warned in 
case bleeding occurs when the catheter is removed. One 
approach is to remove 50 mL every 30 minutes until it is 
fully emptied. Observe the patient closely for 4 hours after 
removal of the catheter, looking at vaginal blood loss and 
vital signs. IV antibiotics should be given when the catheter 
is put in place, and should be continued for 48 hours. 

An alternative new approach (the EgAr device from The 
Gambia) useful in low resource settings involves infl ating a 
condom with air rather than IV fl uids (see Figure 2.5.D.iv.8). 
It includes the following components: 

 O a fi rm type of urinary catheter (used for temporary inser-
tion and drainage of urine) rather than an indwelling Foley 
catheter, which is easily constricted

 O a latex male condom from a sterile and unbroken pack
 O the infl ator (with its tube) of an aneroid blood pressure 

machine
 O a surgical suture (preferably black silk) for tying the 

condom to the catheter
 O a piece of sterile thread for tying the end of the condom 

after infl ation to stop the escape of air
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 O sterile gauze to pack the vagina and maintain the infl ated 
condom in the uterine cavity.

FIGURE 2.5.D.IV.8 Condom catheter infl ated with air.

Using a sterile procedure throughout, the catheter is 
inserted into the condom, with the end part of the condom 
touching the tip of the catheter. The lower part of the con-
dom is tied to the catheter using suture thread and inserted 
into the uterine cavity. The condom is then held in place 
inside the uterine cavity using the non- dominant hand, the 
lower end of the catheter is connected to the infl ator of 
the blood pressure machine (with the valve closed), and 
the condom is then infl ated with air until the bleeding is 
either arrested or greatly reduced. Pneumatic pressure is 
rapidly achieved after a few infl ations. The uterus gradu-
ally increases in size (this can be seen abdominally) as the 
condom is being infl ated, and the woman should experi-
ence no more than slight discomfort. Excessive infl ation of 
the condom must be avoided, and pain indicates that too 
much air is being forced into the condom. If this happens, 
the volume of air can be easily reduced by loosening the 
valve of the infl ator.

Compared with infl ating the condom with fl uid (assum-
ing that IV fl uid is available, which is not always the case), 
this technique is much faster and easier, and good control 
is achieved by using the valve on the infl ator.

Fluid resuscitation
The aim of fl uid resuscitation is to maintain perfusion of vital 
organs (the brain, heart and kidneys) during the manoeuvres 
described above.
1 Elevate the patient’s legs (raise the foot of the bed).
2 Try to obtain two vascular access sites in order to give 

large volumes quickly, and in case one line is lost. Insert a 
wide- bore IV cannula (ideally two) (14-  to 16G) and send 
blood for a full blood count, cross- matching (4–6 units) 
and clotting. If peripheral veins are diffi cult to access, the 
external jugular vein or long saphenous vein cut- down 
are good alternatives. If a skilled person is available, an 
internal jugular vein central line can be helpful, especially 
if the central venous pressure can be measured.

3 If venous access is not possible, consider inserting an 
intra- osseous line using the newly available drill system 
(see Section 8.4.B).

4 Give 500 mL of O- negative blood if it is immediately 
available. If not, standard practice is to give an initial 
rapid IV bolus of 1 litre of Ringer- lactate or Hartmann’s 
solution (or of 0.9% saline if the former are not available) 
while waiting for blood for transfusion. It is essential 
that the IV bolus is given as rapidly as possible, with 
the aid of pressure bags or manual pressure. A blood 

pressure cuff that is wrapped around the fl uid bag and 
infl ated can be used to speed up infusions (see Figure 
2.5.D.iv.9). An alternative is to push the boluses in using 
a 20-  to 50- mL syringe (with a three- way tap linked to 
the IV giving set).

5 As soon as it is available give 1 unit of blood 
(500 mL) as rapidly as possible, and repeat as 
required. Fresh blood is particularly useful for combat-
ing the coagulopathy that occurs in major blood loss 
if specifi c coagulation components such as platelets 
are unavailable. Remember that blood loss is usually 
underestimated.

6 Further 500-  to 1000- mL boluses of IV crystalloid or 
blood, if available, will usually be required in the fi rst 
hour. Once more than 2 litres have been given IV, com-
plications such as pulmonary oedema may sometimes 
occur, so be alert for circulatory overload. 

The concept of targeted crystalloid fl uid resus-
citation may be relevant here and requires urgent 
research. If this approach is adopted the initial boluses 
of IV crystalloids required to treat shock would only be 
given to keep the vital organs (especially the brain, heart 
and kidneys) perfused before blood becomes available 
and, most important of all, before specifi c treatments 
to stop the bleeding have started to take effect. Giving 
too much IV crystalloid fl uid may theoretically increase 
bleeding by disrupting early clot formation and damaging 
the coagulation system. There is no clear evidence to 
indicate the precise blood pressure or clinical signs that 
should be achieved in a woman in shock due to PPH. 
Adequate perfusion of vital organs may be indicated 
by a radial pulse that can be palpated and a fully 
alert conscious level. 

Until bleeding has been stopped and blood is available 
for transfusion, our personal practice, especially in low 
resource settings, is therefore to start with IV boluses 
of 500 mL of crystalloid and reassess after each bolus. 

7 Keep the patient warm but do not overheat them, as 
this will cause peripheral vasodilatation and reduce the 

FIGURE 2.5.D.IV.9 Pressure bag over bag containing Ringer-
lactate or Hartmann’s solution.
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blood supply to vital centres. Hypothermia will exacer-
bate poor peripheral perfusion, acidosis and coagulation 
abnormalities.

8 If there is evidence of a blood- clotting problem, give 
fresh- frozen plasma and/or other clotting factors (if 
available).

9 Further IV fl uid administration should be guided by the 
response of the pulse rate, blood pressure and capillary 
refi ll time, and later by the hourly urine output. Aim for 
a pulse rate o f ) 100–110 beats/minute and a systolic 
blood pressure that is * 90–100 mmHg and stable.

Blood products
Fresh whole blood is the ideal choice if it is available. Full 
cross- matching of blood may take up to an hour and is often 
unavailable in resource poor settings. In an emergency, 
group- specifi c blood should be used. The patient’s blood 
group should have been established during pregnancy, 
as this facilitates the provision of blood when it is needed. 
O- Rhesus- negative blood can be transfused in acute 
emergencies.

All large- volume infusions of blood should be warmed. 
A good way of warming blood is to place each bag of blood 
or fl uid under a relative’s clothes next to their skin. Do not 
infuse cold fl uid directly through a central venous line. 

New potentially valuable treatments for PPH
Tranexamic acid
If there is continuing bleeding, especially if it has been 
caused by genital tract trauma, this inexpensive and safe 
drug can be helpful. Recent evidence has shown that 
tranexamic acid can reduce mortality from major haemor-
rhage in major trauma in adults. The drug should be started 
as soon as possible, and within the fi rst 3 hours after the 
onset of major haemorrhage, in order to be effective. 

The loading dose is 1 gram over 10 minutes followed 
by an IV infusion of a further 1 gram over 8 hours. 

The slow IV bolus dose is given by injecting 1 gram 
of tranexamic acid into a 100- mL bag of 0.9% saline and 
letting it run through over a period of about 10–20 minutes 
(the exact timing is not crucial).

The 8- hour infusion is given by injecting 1 gram of 
tranexamic acid into a 500- mL bag of 0.9% saline and giving 
it over a period of 8 hours (i.e. approximately 60 mL/hour). If 
there is a gap between the initial bolus and the subsequent 
infusion this probably does not matter too much, but ideally 
one should follow the other.

The non- pneumatic anti- shock garment 
(NASG)
This compression garment is made from neoprene, a 
stretchable material that recoils and applies pressure 
through the skin. It feels like a tight diving wet- suit to wear, 
and consists of fi ve segments that compress the legs (seg-
ments 1, 2 and 3), the pelvis (segment 4) and the abdomen 
(segment 5) (see Figures 2.5.D.iv.10 and 2.5.D.iv.11). The 
abdominal segment includes a foam compression ball that 
presses on the area of the uterus. The segments are held in 
place by Velcro. It is a very promising, potentially life- saving 
technique for low- resource settings. 

Preliminary pre-  and post- intervention trials have shown 
that the NASG signifi cantly reduces shock, blood loss, the 
need for emergency hysterectomy, and maternal mortal-
ity and severe morbidity associated with PPH and other 

causes of obstetric haemorrhage. Randomised controlled 
trials by the World Health Organization and others are cur-
rently under way in Zambia and Zimbabwe. 

The NASG is reported to reduce shock by compress-
ing blood vessels in the lower parts of the body, thereby 
diverting up to 30% of total blood volume to the heart, 
lungs, brain and possibly the kidneys. There is evidence 
that, through the applied pressures of 25–50 mmHg, it 
decreases blood fl ow in the pelvis and, in PPH, blood loss 
from the atonic uterus. 

It is particularly promising in settings where there can 
be delays in transfer to facilities where comprehensive 
emergency obstetric care is available, and where blood 
transfusion and surgery can be undertaken. In such set-
tings, even in hospitals, blood transfusion is frequently 
delayed for between 1 and 3 hours, with O- negative blood 
rarely available and supplies of stored blood precarious. 
The NASG, by stabilising the patient, gives time for blood 
transfusion to become established and other treatments to 
be given, as well as very probably reducing the amount of 
blood that subsequently needs to be transfused. 

FIGURE 2.5.D.IV.11 NASG garment on a patient. Reproduced 
with permission from Miller S, Martin HB, Morris JL. Anti-shock 
garment in postpartum haemorrhage. Best Pract Res Clin Obstet 
Gynaecol. 2008; 22(6): 1057–74. © Elsevier

As reported by the International Federation of 
Gynecology and Obstetrics (FIGO), ‘The NASG is not a 
defi nitive treatment – the woman will still need to have the 
source of bleeding found and defi nitive therapy performed.’ 
We would qualify this statement and substitute the word 

FIGURE 2.5.D.IV.10 NASG garment before it is placed on the 
patient. Reproduced with permission from Miller S, Martin HB, 
Morris JL. Anti-shock garment in postpartum haemorrhage. Best 
Pract Res Clin Obstet Gynaecol. 2008; 22(6): 1057–74. © Elsevier
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‘may’ for ‘will’, as sometimes the bleeding, particularly in 
PPH, may be reduced during the application of the NASG, 
and advanced treatments such as surgery may not then 
be required. 

The NASG is applied in sequence from the lower legs up 
to the abdominal compression segment (segment 5). With 
experience it can be applied by one person in 2 minutes, 
although it takes from 5 to 10 minutes if the healthcare 
worker is alone and unused to applying it. Help from oth-
ers present, such as porters or relatives, can be valuable. 
In PPH due to uterine atony, it is particularly important that 
someone is massaging the uterus and giving the other 
treatments outlined above when the NASG is being applied. 
After the garment is in place the legs no longer need to be 
elevated and the uterus can still be externally massaged 
by placing one hand underneath the pelvic segment of the 
NASG. Vaginal examinations and repair of cervical or vaginal 
tears can be performed while the NASG is in place. The 
pelvic and abdominal segments can be opened for surgery 
such as emergency hysterectomy or B- Lynch sutures. 

The NASG can be applied in addition to all the other 
measures for PPH described above when signs of shock 
fi rst appear (see Section 2.5.A). The only contraindication 
to its use is known heart disease. The aim with all treat-
ments is for a pulse rate of ) 100–110 beat/minute and a 
systolic blood pressure that is * 90–100 mmHg and stable 
in a woman who is fully alert and has a urine output of * 
30 mL/hour. 

The NASG is removed segment by segment when 
bleeding has been reduced to safe levels and the patient’s 
cardiovascular stability has been maintained for at least 
2 hours (systolic blood pressure * 90–100 mmHg, heart 
rate ) 100–110 beats/minute and haemoglobin concen-
tration of * 7 g/dL). Removal begins at the ankles with 
15- minute gaps between each segment that is opened, 
and clinical measurements being made before each seg-
ment is removed. If the systolic blood pressure drops by * 
20 mmHg and/or the heart rate increases by * 20 beats/
minute, reapply that segment of the NASG and consider 
additional treatments such as further blood transfusion. 

Between patients, the NASG can be laundered in the 
same way as for bloodstained sheets. First soak the gar-
ment in 0.5% chloride solution for 15 minutes. Then wash 
and scrub it with a soft brush in soapy water. Finally rinse 
it in clean water and leave it to air- dry. Fold and store the 
garment when it is completely dry. 

Each NASG can be used 50–100 times, and at present 
costs US$150–200. 

Stopping bleeding due to trauma to the 
perineum, cervix or vagina
If the bleeding continues despite all of the measures 
described above, examine the perineum, vagina and cer-
vix with a sterile speculum. Postpartum bleeding with a 
contracted uterus is usually due to a cervical or vaginal tear. 
Trauma to the lower genital tract is the second most fre-
quent cause of PPH, and may coexist with an atonic uterus. 

Examine the mother carefully and repair any tears. 
Bleeding from trauma can be substantial and may be fatal, 
especially if there is pre- existing severe anaemia. Suture 
packs, a torch, a Sims’ speculum and sutures must always 
be immediately available on the PPH emergency trolley.

Initially stop the bleeding with sterile packing until a 
surgeon is able to repair the wounds.

It is essential to ensure that the uterus is contracted 
even when a traumatic cause is present. 

FIGURE 2.5.D.IV.12 Repairing a perineal tear.

Repairing a perineal tear 
Get a good light, and start at the top of the tear. If diffi cult 
ask for help if available.
1 Anything except very minor tears should be repaired in 

the lithotomy or similar position as it provides a better 
view and is more comfortable for the surgeon/midwife. 

2 Use a cutting needle on the skin and a round- bodied 
needle on other tissues. 

3 Put the fi rst stitch in above the highest point of the tear 
(apex). This is usually within the vagina.

4 When you get to the junction between the vaginal 
mucosa and the skin, put a needle through the loop 
and tie a knot. 

5 Continue by applying stitches into the muscle and fascia 
to close any dead space (gaping of the vaginal skin) and 
again tie a knot once done. 

6 Next close the skin by placing the needle in through the 
skin on one side, and then in through the sub- cutaneous 
tissues and out through the skin on the other side. 
If using interrupted sutures, the stitches are usually 
inserted ~ ½ cm from the skin edges and ~1 cm apart 
from each other. Tie a knot after each stitch to oppose 
the skin.

Repairing a bleeding cervical tear
Place the patient in the lithotomy position and explain 
the procedure to the patient.

Get a good light and if at all possible an assistant.
Search all round the patient’s cervix, if the cervix is not 

easily visible grasp it with a sponge holding forceps (or 
similar) and pull it into view. In order to visualise the entire 
cervix it is often necessary to follow the cervix round from 
anterior to posterior by pulling each segment down with the 
sponge holding forceps. Ideally two forceps are used and 
the next segment picked up with one set of forceps while 
traction is maintained with the other (‘walking the cervix’).
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Once the cervical tear is identifi ed start suturing it at its 
highest point (the apex).

If you cannot insert sutures, control the bleeding with 
a vaginal pack and transfer the patient.

Stopping bleeding due to retained 
placenta or retained products of 
conception
Examine the placenta and ensure that it is complete.

Retained placenta
A retained placenta is defi ned as occurring:
1 after active management of the third stage of labour 

(see Section 2.3), if the placenta is not delivered within 
30 minutes of the birth 

2 after expectant management of the third stage of labour, 
if the placenta is not delivered within 60 minutes of the 
birth.

Risk factors include a full bladder, a previous retained 
placenta, high parity, uterine fi broids, a history of previous 
uterine surgery and placenta praevia. The placenta may 
become trapped in the cervix or lower uterus. There may 
be no bleeding with a retained placenta, especially if there 
is abnormal adherence (placenta accreta). 

A retained placenta occurs in around 2% of deliveries. 

Management of retained placenta
If there is a clinically signifi cant PPH, the placenta must be 
removed urgently. Call for help (including an anaesthetist 
and an obstetrician), insert a venous cannula, take blood for 
haemoglobin and cross- matching as for PPH, and ensure 
that the operating theatre is ready.

Massage the uterus, and if there is atony it should be 
managed as described for PPH above. However, although 
oxytocin should be used as necessary, do not give ergo-
metrine because it causes tonic uterine contraction, which 
may delay expulsion. 

Cause 1: The placenta is separated but trapped in the 
lower part of the uterus or cervix 

If the placenta is undelivered after 30 minutes of 
oxytocin stimulation, and the uterus is contracted and 
the placenta separated (usually indicated by the gushing 
of blood and rising of the uterus into the abdomen as a fi rm, 
more movable structure as with a normal placental separa-
tion and delivery), attempt controlled cord traction. During 
this procedure, and at all times, keep one hand on the 
abdomen to support the uterus and prevent its inversion.

Avoid forceful cord traction and fundal pressure, as 
they may cause uterine inversion. 

This situation usually responds to fi rm and persistent 
traction on the cord with the other hand countering this on 
the uterus to prevent inversion. Ensure that the bladder is 
empty. Ask the mother to empty her bladder, otherwise 
catheterise the bladder if necessary. If you can see the 
placenta, ask the mother to push it out; an upright position 
may help. Undertake a sterile vaginal examination and if 
you can feel the placenta in the vagina or cervix, remove it. 

Cause 2: The placenta has failed to separate from the 
uterus 
If controlled cord traction plus uterotonic drugs are 

unsuccessful, manual removal of the placenta is likely to 
be required (see below).

If the cord has broken from the placenta, it is still 
possible for the placenta to be pushed out by contrac-
tions and by the mother. 

Cause 3: The placenta is morbidly attached to the uterus
Very adherent tissue may be placenta accreta, a situation 
that is more likely to occur after a previous Caesarean sec-
tion. Efforts to extract a placenta that does not separate 
easily may result in heavy bleeding or uterine perforation, 
which usually requires hysterectomy. 

Therefore, if there is any suspicion of a morbidly adher-
ent placenta the patient should ideally be referred to a 
hospital with operating facilities and a surgical team (if avail-
able). See pages below for more details on management. 

Where there is signifi cant haemorrhage, uterine and 
vaginal packing with gauze or balloon tamponade/con-
dom catheter can halt the bleeding and eventually allow 
residual placenta to disintegrate and resorb/expel on its 
own. Hysterectomy will be needed if bleeding cannot be 
stopped by the measures described above. 

If bleeding continues, assess clotting status using a 
bedside clotting test. Failure of a clot to form after 7 min-
utes, or formation of a soft clot that breaks down easily, 
suggests coagulopathy. 

If there are signs of infection (fever with foul- smelling 
vaginal discharge), give antibiotics as for endometritis. 

Manual removal of the placenta
This is a painful procedure associated with a high risk of 
infection unless it is undertaken using full sterile procedures. 
In many low- resource settings, manual removal of the pla-
centa is undertaken without analgesia or anaesthesia, and 
often not even in the operating theatre. 

Unless it is performed as an emergency for major PPH, 
we consider that manual removal of the placenta should 
be undertaken in an operating theatre with preceding 
morphine or ketamine in the presence of an anaesthetist. 
Elbow- length sterile gloves should be used. Provided that 
active PPH is not occurring, the mother should first 
be adequately resuscitated with IV fl uids/blood and 
oxygen. The pulse rate, blood pressure, oxygen satura-
tion and urine output should be closely monitored. Ideally, 
facilities for blood transfusion and, if necessary, emergency 
hysterectomy should be available. 

After the placenta has been removed, massage the 
uterus to encourage tonic uterine contraction. An IV infusion 
of oxytocin 40 units in 500 mL or 1 litre of Ringer- lactate or 

FIGURE 2.5.D.IV.13 Introducing one hand into the vagina along 
the cord.
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Hartmann’s solution should be administered over 4 hours 
to ensure continued uterine contraction.

A single dose of prophylactic antibiotics should be given 
just before all manual removals (2 grams of ampicillin IV or 
IM plus 80 mg of gentamicin IM/IV).

Treatment of PPH that continues 
despite all of the above interventions
Reassess the patient and determine whether bleeding is 
continuing and whether there is a clotting disorder. Assess 
the clotting status using a bedside clotting test. Failure of a 
clot to form after 7 minutes, or formation of a soft clot that 
breaks down easily, suggests coagulopathy.

If bleeding continues, re- examine the patient and ensure 
that the oxytocin IV infusion is running correctly (40 units of 
oxytocin in 500 mL of Ringer- lactate or Hartmann’s solution 
over 4 hours).

Exclude the following:
 O inverted uterus
 O retained products of conception
 O damage to the genital tract: check for bleeding from the 

cervix, vaginal walls and perineum.

If the above measures fail to control PPH, do not wait 
too long.

The following operative interventions are available:
 O B- Lynch sutures
 O hysterectomy, which may be life- saving, and should 

be considered early in order to reduce the risk of life- 
threatening coagulopathy.

Check the haemoglobin levels or haematocrit 
after resuscitation and when the patient is 
stable. Consider administering oral iron if the 
patient is anaemic.

Treatment of secondary PPH
This is particularly dangerous in low- resource settings. 
Severe and life- threatening anaemia can develop rapidly, 
and frequently the woman is admitted in shock and urgently 
requiring blood transfusion. Severe life- threatening septic 
shock can also develop. 

Assess vital signs and temperature, and if the patient 
is shocked proceed as described above for massive PPH. 

Assess the uterine size, and perform a speculum and 
vaginal examination and note the degree of bleeding, 
whether the blood is offensive, whether the cervix is still 
open, and whether there is cervical and uterine tenderness. 
Take a high vaginal swab for bacteriology (if available) before 
antibiotics are given. 

Insert an IV line and take blood for haemoglobin, blood 
cultures, cross- matching and blood clotting (or clotting/
bleeding time if unavailable) (as DIC may occur).

Urgently start 7 days of treatment with IV antibiotics, as 
the bleeding is often secondary to infection. This is espe-
cially likely if there is foul- smelling lochia, a fever, or there 
has been prolonged rupture of membranes prior to delivery. 

 O Give IV ampicillin 2 grams IV every 6 hours 
 — plus gentamicin 80 mg IV or IM every 8 hours or 5 mg/
kg body weight IV/IM once every 24 hours

 — plus metronidazole 500 mg IV every 8 hours. 
 O Alternatively, give ceftriaxone 2 grams IV or IM once daily 

plus metronidazole 500 mg IV every 8 hours.

Provide blood transfusion (ideally fresh blood) if the haemo-
globin level is < 5 g/dL, or if it is < 7.5 g/dL with symptoms 
suggesting early cardiac failure or shock or if there is brisk 
ongoing blood loss.

Examine for suspected retained placental fragments, 
but beware of the high risk of uterine perforation. Feel 
inside the uterus using elbow- length sterile gloves, and try 
to remove any retained products manually or using ovum 
forceps. Be very careful not to perforate the uterus. 
Placental tissue that sticks to the uterus may be placenta 
accreta, which may result in heavy bleeding (see below for 
management). If the cervical os has already started to close, 
this approach might not be possible. If a curette is used, 
it should be blunt, and great care should be taken as the 
uterus will be soft and easy to perforate. A vacuum aspirator 
(as used for treating miscarriage) or digital curettage may be 
safer options. Laparotomy is occasionally needed to deal 
with the continued bleeding from an infected or ruptured 
uterine incision or infected placental bed.

FIGURE 2.5.D.IV.16 Evacuating the uterus.

FIGURE 2.5.D.IV.15 Withdrawing the hand plus the placenta from 
the uterus.

FIGURE 2.5.D.IV.14 Supporting the fundus while detaching 
the placenta. Reach the placenta from the implantation site by 
keeping the fi ngers tightly together and using the edge of the 
hand to gradually make a space between the placenta and the 
uterine wall
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Call for help and initiate resuscitation
Immediately mmassage the uterus

Airway
Breathing: high-flow ooxygen and  

if patient stops breathing

Circulation:: Stop bleeding by continuous 
massage and giving uuterotonic drugs:
Oxytocin 10 IU IM or 5 IU IV slowly if 

shocked, and maintain contraction with 
oxytocin 40 IU in 500 mL Ringer-lactate or 

Hartmann’s over 4 hours  
Place two IV lines (14–16G cannula)

If shocked: Give 5500-mL boluses of 
Ringer-lactate or Hartmann’s as rapidly as 

possible while awaiting blood
Elevate legs

Take blood for FBC, clotting 
and cross-match 6 units

Once available, give warmed 
blood as much and as rapidly 
as needed  
Ideally cross-matched (takes 
1 hour) 
Blood-type-specific (takes 15 
minutes) 
O-negative (immediate)

If pplacenta is in place: rremove urgently 
If still bleeding and shocked:  try eergometrine* 200 micrograms 

IV over 2–3 minutes 
If still bleeding: add mmisoprostol (3 × 200 micrograms orally or 

sublingually or 4 × 200 micrograms rectally if drowsy)
Consider ttranxenamic acid and NNASG

Laparotomy and possible hysterectomy
Do not leave it too late

Continually reassess 
ABC
Urinary catheter
Regularly monitor pulse 
volume and rate, blood 
pressure, temperature 
and SaO2
Place baby on breast as 
soon as well enough
Treat coagulation 
problem with fresh blood 
and if possible platelets 
and clotting factors

If still bleeding

Examine cervix and vagina for lacerations: if present, ppack and 
take to theatre for repair

If no lacerations and still bleeding from uterus,
apply bbimanual compression and/or aaortic compression while 
assembling  hydrostatic balloon (ccondom catheter) into uterus 

inflated with 250–500 mL sterile crystalloid or air

If still bleeding

If still bleeding

* Do not give ergometrine if 
patient has pre-eclampsia 

bag-mask

FIGURE 2.5.D.IV.17 Pathway of care for massive postpartum haemorrhage (PPH). Aim for a contracted and empty uterus. FBC, full blood 
count; NASG, non-pneumatic anti-shock garment; ABC, airway, breathing and circulation.

Management of placenta accreta 
This serious complication is caused by the placenta being 
morbidly adherent to deeper layers in the uterine muscle 
or even external to the uterus. It is more common after a 
previous Caesarean section and in the presence of a pla-
centa praevia. After Caesarean section an attempt should 
be made to assess the site of the placenta with ultrasound 
to determine whether it is likely to overlie the previous scar. 

If the patient undergoes a new Caesarean section, or 
has a retained placenta, the procedure should be carried 
out by the most experienced practitioner possible and 
preparations made for major haemorrhage, i.e. experienced 
anaesthetic assistance, good intravenous access, cross 
matched blood and availability of the non- pneumatic anti- 
shock garment. 

An option is to allow the placenta to be left in situ where 
it may separate and expel itself over time. This risks haem-
orrhage, infection and DIC and in these cases the mother 
must be made aware of these risks. She must be observed 
carefully for signs of infection, given prophylactic antibiotics 
(single dose of ampicillin 2 g IV/IM plus gentamicin 5 mg/
kg body weight IV/IM) and warned about what to expect 
when the placenta is eventually expelled. She must have 

rapid access to emergency care and be monitored as an 
inpatient. 

Alternatively, an attempt to remove the placenta can be 
made. Haemorrhage, as discussed, should be anticipated 
and the procedure performed in theatre with adequate 
intravenous access, monitoring, cross- matched blood 
available and the most experienced anaesthetic and surgi-
cal personnel possible. 

An alternative option is an immediate hysterectomy 
in order to prevent later complications and the neces-
sity for very close post- partum monitoring. The decision 
will need to be based on the patient’s wishes, the 
resources available and the doctor’s abilities. If there 
is no facility for emergency hysterectomy, the patient 
should be transferred to a facility where this is available. 

Bleeding due to inverted uterus
See Section 2.6.H.

Anaesthetic issues when managing PPH
Cardiovascular instability is a relative contraindication to 
regional blockade. 

Rapid sequence induction agents with minimal 
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peripheral vasodilator action, such as ketamine, should 
be considered (see Section 1.24). Adrenaline and atropine 
should be readily available in case cardiovascular collapse 
occurs on induction. Ventilation with high concentrations 
of oxygen may be needed until the bleeding is controlled. 

Volatile agents have been associated with increased 
blood loss due to their relaxant effects on uterine mus-
cle. Anaesthesia should be maintained with IV agents 
(ketamine or etomidate) if uterine atony is contributing to 
haemorrhage. 

Disseminated intravascular coagulation 
(DIC)
Suspect and aggressively treat coagulopathy using warmed 
fresh blood, platelets, fresh- frozen plasma and cryoprecipi-
tate as appropriate and available. DIC is more likely to occur 
if there has been a previous antepartum haemorrhage.

Sheehan’s syndrome
Very rarely, massive PPH can cause pituitary infarction (also 
called Sheehan’s syndrome). This presents initially as failure 
of breastfeeding, and later as no return of menstrual bleed-
ing, as well as fatigue, low blood pressure and loss of pubic 
and axillary hair. Treatment is with replacement hormones, 

including oestrogen, progesterone, thyroid and adrenal 
hormones. Specialist endocrinological advice is necessary.

Monitoring
Once the bleeding has been controlled, frequent observa-
tions of respiratory rate, pulse rate, blood pressure, urinary 
output and oxygen saturation (if available) are vital both to 
detect problems and to monitor the response to treatment. 
At least 48 hours of close observations are required.

Furth  er reading
A Textbook of Postpartum Hemorrhage: a comprehensive 

guide to evaluation, management and surgical intervention. 
www.sapienspublishing.com/pph_pdf/PPH.pdf

Videos on techniques used to treat PPH: www.glowm.com
FIGO Safe Motherhood and Newborn Health (SMNH) 

Committee (2012) FIGO Guidelines: prevention and treat-
ment of postpartum hemorrhage in low- resource settings. 
www.fi go.org/fi les/fi go- corp/IJGO_2012%20PPH%20
Guidelines.pdf

World Health Organization (2012) WHO recommendations 
for the prevention and treatment of postpartum haemor-
rhage. http://apps.who.int/iris/bitstream/10665/75411/
1/9789241548502_eng.pdf

2.5.E Hypertension, pre- eclampsia and eclampsia

BOX 2.5.E.1 Minimum standards
 Q Blood pressure machine 
 Q Urine protein testing sticks
 Q Magnesium sulphate
 Q Antihypertensive drugs (labetalol, hydralazine, methyl-

dopa and nifedipine)
 Q Bag-valve-masks, oxygen and oropharyngeal airway
 Q Suction
 Q Patella hammer
 Q Pulse oximeter

Introduction
Hypertension in pregnancy occurs when the systolic blood 
pressure is * 140 mmHg and/or the diastolic blood pressure 
is * 90 mmHg. If the blood pressure is elevated, confi rm this 
by making repeated measurements (see below). 

Severe hypertension (systolic pressure * 170 mmHg 
and/or diastolic blood pressure * 110 mmHg) must be 
treated, because a systolic or diastolic blood pressure at 
or above these levels is associated with a risk of cerebral 
haemorrhage, hypertensive encephalopathy and placental 
abruption.

Measuring blood pressure and looking 
for hypertension 
When you measure the blood pressure of a woman, she 
should be rested and seated at a 45-degree angle with the 
machine on the bed beside her. Do not prop it up on her 
abdomen. Also do not lie her down, as this causes com-
pression of the central veins. Open the cuff out fl at, and 
make sure that you place the centre of the inner bladder 

on the artery. A falsely high reading will be obtained if the 
cuff’s bladder does not encircle at least 80% of the circum-
ference of the arm. 

If the blood pressure is consistently higher in one arm, 
this arm should be used for all subsequent measurements. 
Some automated blood pressure machines under- measure 
systolic blood pressure.

The systolic pressure is the onset of the fi rst sound 
(Korotkov 1). The diastolic pressure is the complete dis-
appearance of sounds (Korotkov 5). The normal systolic 
blood pressure in pregnancy is in the range 95–135 mmHg. 
The normal diastolic blood pressure is in the range 60– 
85 mmHg. Diastolic blood pressure measures peripheral 
resistance and does not vary with the woman’s emotional 
state to the same degree that systolic pressure does. The 
blood pressure normally falls during the second trimester 
of pregnancy, reaching its lowest value by the end of the 

FIGURE 2.5.E.1 Measuring blood pressure.
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second trimester, and returning to pre- pregnancy levels 
at term.

If the systolic pressure is * 140 mmHg and/or the 
diastolic blood pressure is * 90 mmHg on two consecu-
tive readings taken * 4 hours apart, hypertension should 
be diagnosed.

In addition to a blood pressure of * 140/90 mmHg, any 
increase in systolic pressure of * 30 mmHg or in diastolic 
pressure of * 15 mmHg over recent previous measurements 
requires close monitoring, even if the pressures do not reach 
140 mmHg systolic or 90 mmHg diastolic. 

The categories of hypertension in 
pregnancy 
These can be classifi ed as follows.

Pre- eclampsia
This is hypertension (blood pressure of * 140/90 mmHg) 
that develops after 20 weeks’ gestation, always in associa-
tion with proteinuria (* 0.3 grams in a 24- hour specimen). 
This level correlates with * 1+ on dipstick testing. 

Pre- eclampsia is a multi- system disorder. 
Other conditions cause proteinuria, and false- positive 

results are possible (e.g. due to contamination with normal 
vaginal discharge or amniotic fl uid). Urinary infection may 
also produce proteinuria, but rarely * 2+ on dipstick testing. 
Blood in the urine due to catheter trauma, schistosomiasis 
or contamination with vaginal blood may also give false- 
positive results. 

Random urine sampling, such as the dipstick test for 
protein, is a useful screening tool. A change from negative 
to positive during pregnancy is a warning sign. If dipsticks 
are not available, a sample of urine can be heated to boil-
ing point in a clean test tube. Add a drop of 2% acetic acid 
to check for persistent precipitates that can be quantifi ed 
as a percentage of protein in the sample. Only clean- catch 
midstream specimens should be used. Catheterisation for 
this purpose is not justifi ed, due to the risk of urinary tract 
infection.

FIGURE 2.5.E.2 Testing for proteinuria without reagents/sticks.

Eclampsia is fi tting associated with the syndrome of 
pre- eclampsia. Seizures can occur without any previous 
signs or symptoms. 

The diagnosis of pre- eclampsia is made when there 
is hypertension after 20 weeks’ gestation associated with 
signifi cant proteinurea (* 0.3 grams/24 hours) (see above).

It is associated with a risk of developing one or more 
of the following:

 O signifi cant proteinuria (* 0.3 grams/24 hours) (see above)

 O renal involvement (serum/plasma creatinine > 90 micro-
mol/litre with or without oliguria)

 O haematological involvement (low platelet count, hae-
molysis, DIC)

 O liver involvement (raised transaminases, epigastric or 
right upper quadrant abdominal pain)

 O neurological involvement (headache, persistent vis-
ual disturbances including photophobia, scotomata, 
blindness and retinal vasospasm, hyper- refl exia with 
sustained clonus, stroke)

 O pulmonary oedema
 O intrauterine growth retardation
 O placental abruption.

HELLP is a syndrome that consists of Haemolysis, Elevated 
Liver enzymes and Low Platelets. It may complicate 
pre- eclampsia, sometimes with only mild or borderline 
hypertension and marginally abnormal proteinuria.

Pre- eclampsia and eclampsia are still one of the main 
causes of maternal mortality and morbidity in low- resource 
countries. In one study it was reported that 38% of eclamp-
tic fi ts occur antenatally, 18% occur in the intrapartum 
period, and the remaining 44% occur postpartum, usually 
in the fi rst 48 hours after delivery. Sometimes the fi rst fi t 
occurs postnatally. 

Oedema occurs with the same frequency in women 
with and without pre- eclampsia. However, if oedema 
develops suddenly and is widespread, always screen for 
pre- eclampsia. Test for oedema by pressing with your 
fi nger for 1 minute over the bony part of the mother’s tibia. 
If there is a dent when you take your fi nger away, oedema 
is present. If the mother has been lying down, look for 
oedema over the sacrum. Oedema can also make a fi nger 
ring tight. Oedema of the face is more likely to represent a 
sign accompanying pre- eclampsia. 

FIGURE 2.5.E.3 Testing for oedema of the ankles and lower back.

Gestational hypertension
This is hypertension that develops only after 20 weeks’ 
gestation but with no other features of pre- eclampsia, and 
which resolves within 3 months after birth. Patients who 
present early in pregnancy (after 20 weeks) and with severe 
hypertension are more likely to develop pre- eclampsia.

Chronic hypertension
1 Essential hypertension (also called primary hypertension) 

occurs before 20 weeks’ gestation, without cause (see 
below).

2 Hypertension may also be secondary to other medical 
conditions such as chronic renal disease, endocrine 
disorders or diabetes mellitus.
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It is important to control the hypertension in these cases, 
keeping the blood pressure below 150/100 mmHg, but not 
permitting the diastolic pressure to go below 80 mmHg. 

Pre- eclampsia in a woman with with chronic 
hypertension and gestational hypertension
Women with hypertension in pregnancy are at increased risk 
of developing superimposed pre- eclampsia and should be 
monitored more frequently for the presence of proteinurea 
and systemic features of pre- eclampsia from 20 weeks’ 
gestation onwards but especially in the third trimester.

Pre- eclampsia
Risk factors
These include the following:

 O fi rst pregnancy
 O multiple pregnancy
 O family history of pre- eclampsia
 O chronic hypertension (see above)
 O renal disease
 O hypertension/pre- eclampsia during a previous pregnancy
 O diabetes mellitus
 O molar pregnancy.

For those at high risk of recurrence, a systematic review 
of 59 trials involving 37 560 women found that low doses 
of aspirin reduced the risk of pre- eclampsia by about a 
sixth (17%), with a similar lowering of the risk of the baby 
dying (14%), and a small lowering of the risk of the baby 
being born too early (8%). Doses up to 75 mg appear to 
be safe and high risk women are advised to start taking 
it from 12 weeks’ gestation and to continue until delivery 
of the baby.

Investigations
These include the following:

 O urine dipstick test for protein and microscopy to exclude 
infection 

 O haemoglobin levels and platelet count
 O urea and electrolytes, and creatinine
 O liver function tests
 O lactate dehydrogenase (LDH) and uric acid
 O fetal growth assessment by ultrasound scan.

If there are signs of DIC, clotting studies should be under-
taken (whole blood clotting time in low- resource settings; 
see below).

If there is severe hypertension in early pregnancy, inves-
tigations (if available) for the rarer causes such as molar 
pregnancy, autoimmune disorders, phaeochromocytoma, 
etc. may be indicated. 

Management of pre- eclampsia and 
gestational hypertension
Pre- eclampsia progresses during pregnancy, and the only 
defi nitive treatment is delivery. If the patient is at term (i.e. 
after 36 weeks) then, after stabilisation of the mother, the 
baby should be delivered as soon as possible. 

There is no evidence that bed rest improves the out-
come for the mother or the fetus. Heavy physical labour 
is clearly inappropriate. However, women in low- income 
settings are commonly seen working in this way despite 
being in advanced pregnancy.

Mild cases can be cared for without hospital admission, 
but there need to be regular (at least weekly) checks on 
blood pressure and urine, and the family must be made 
aware of the warning signs of severe pre- eclampsia or 
eclampsia (see below). 

If there is severe pre- eclampsia or eclampsia, if the 
blood pressure cannot be adequately controlled, or if there 
is pulmonary oedema, deteriorating renal or liver function, 
placental abruption or evidence of falling platelet counts 
or DIC, delivery is urgent but must always take place after 
stabilisation. In cases before 36 weeks’ gestation, an 
injection of dexamethasone or betamethasone 12 mg IM, 
two doses 12 hours apart or 6 mg IM, four doses 12 hours 
apart, improves the likelihood of avoiding neonatal respira-
tory failure (see Section 3.1). 

Stabilisation involves correction of severe hypertension, 
control of fl uid intake and output, correction of blood- 
clotting disorders (in low- resource settings with fresh 
blood transfusion) and prevention or control of eclampsia 
(see below).

Antihypertensive drugs for pre- eclampsia
Mild pre- eclampsia does not require antihypertensive drugs.

If the systolic blood pressure is 150–160 mmHg and/
or the diastolic blood pressure is 95–105 mmHg, treatment 
with oral antihypertensive drugs should be started.

Systolic pressure of *170 mmHg and/or diastolic 
pressure of * 110 mmHg must be urgently treated with 
antihypertensive drugs. However, it is essential that the blood 
pressure is not lowered too rapidly, as this can seriously 
affect the woman’s cerebral circulation and the circulation 
to the placenta and fetus. Aim for a systolic blood pressure 
of 150 mmHg. 

Oral antihypertensive drug treatment
Methyldopa
This drug acts directly on the central nervous system and 
takes 24 hours to work. The dose is 250 mg three times 
a day initially, increasing every 2 days up to 750 mg three 
times a day. Side effects include dry mouth, postural 
hypotension, sedation and depression. Methyldopa is 
contraindicated in patients with depression or liver disease. 

The simultaneous administration of oral iron and oral 
methyldopa can lead to a drug interaction that can result in 
clinically signifi cant increases in blood pressure (> 15 mmHg 
increase in systolic pressure and > 10 mmHg increase in 
diastolic pressure).

Labetalol
This is a beta-blocker with mild alpha- blocking effects. The 
dose is 100–400 mg three times a day. Side effects include 
bradycardia, bronchospasm, weakness, scalp tingling 
(only for 24–48 hours), nausea and headache. Labetalol is 
contraindicated in patients with asthma. 

Hydralazine
This is a vasodilator. The dose is initially 25 mg twice a 
day, increasing gradually to 50 mg three times a day. Side 
effects include uncontrolled hypotension, fl ushing, tachy-
cardia, palpitations, headache and (uncommonly) a lupus 
syndrome.
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Treatment of severe hypertension
It is vital that severe hypertension is controlled at any gesta-
tion, both before and after delivery.

Antihypertensive drugs should be given urgently to all 
patients with a systolic blood pressure of * 170 mmHg and/
or a diastolic blood pressure of * 110 mmHg. 

Without urgent treatment there is a risk of cerebral 
haemorrhage, eclampsia and pulmonary oedema. 

The aim should be a gradual and sustained reduction 
in blood pressure with one or more of the drugs described 
below. 

Blood pressure should not be allowed to fall below 
140/80 mmHg before delivery. 

Hydralazine 
This is the most widely available antihypertensive drug in 
low- resource settings. Give 5 mg IV slowly over a period 
of 5 minutes (it acts within 5 minutes). Repeat the BP after 
every 15 minutes and treat with further doses of 5 mg until 
the diastolic blood pressure is 90–100 mmHg and the 
systolic BP is 140–160. Repeat the hydralazine hourly as 
needed, or give hydralazine 12.5 mg IM every 2 hours as 
needed. 

Alternatively, give hydralazine IV infusion, 20 mg in 
200 mL of 5% dextrose at 0.5 mL (10 drops) per minute 
(20 drops = 1 mL for a standard giving set), and stop the 
drip when the diastolic blood pressure is ) 90 mmHg. 
Hydralazine may cause an increase in the maternal heart 
rate.

Side effects include uncontrolled hypotension, fl ushing, 
tachycardia, palpitations, headache and (uncommonly) a 
lupus syndrome.

Labetalol
Intravenous labetalol is preferable to hydralazine if the 
maternal pulse rate exceeds 120 beats/minute. 

The labetalol dosage is 10 mg IV. If the response is 
inadequate (i.e. if diastolic blood pressure remains above 
110 mmHg) after 10 minutes, give a further dose of labetalol 
20 mg IV. Increase the dose to 40 mg and then 80 mg if a 
satisfactory response is not obtained after 10 minutes of 
each dose.

Alternatively, use an IV infusion of 200 mg in 200 mL 
of Ringer- lactate solution at 40 mg/hour, increasing the 
dose at 30- minute intervals as required to a maximum of 
160 mg/hour.

Side effects include bradycardia, bronchospasm, weak-
ness, scalp tingling (only for 24–48 hours), nausea and 
headache. Labetalol is contraindicated in patients with 
asthma, as it may cause severe bronchospasm.

Nifedipine
The slow release/modifi ed action version of the tablets must 
always be used in this situation. Nifedipine is a calcium 
antagonist that can be administered as an initial 10 mg 
oral dose (onset of action within 10–20 minutes), with a 
repeat dose of 10 mg if there is an inadequate response 
after 30 minutes. Subsequent oral doses are 20 mg twice 
a day. Side effects include severe headaches associated 
with fl ushing and tachycardia. Oedema, weakness and 
constipation may also occur. Nifedipine is contraindicated 
in patients with aortic stenosis. It may inhibit labour.

Give prophylactic magnesium sulphate if hypertension 
is accompanied by proteinuria and/or if protein testing is 

not available by symptoms which suggest that eclampsia 
may occur (see below). 

Eclampsia or severe pre- eclampsia
Although pre- eclampsia and eclampsia are most common 
in the primigravida, they can occur in multiparous patients. 

Symptoms and signs of impending 
eclampsia
These include the following:

 O headache, visual disturbances, epigastric pain and 
vomiting

 O rapidly developing generalised (especially facial) oedema 
 O pulmonary oedema
 O right upper quadrant tenderness
 O recently developed hypertension * 170/110 mmHg with 

proteinuria > 1 gram/24 hours or a rapid rise in blood 
pressure

 O clonus and increased tendon refl exes
 O HELLP syndrome.

Any headache or epigastric pain occurring in the second 
half of pregnancy should be investigated for pre- eclampsia 
(measure the blood pressure and test the urine for protein).

Differential diagnosis (see Table 2.5.E.1)
 O A seizure: 

 — in a patient with known epilepsy (see Section 5.16.E) 
 — in severe malaria (see Section 2.8.D) 
 — in head injury (see Section 2.7.E) 
 — in meningitis/encephalitis (see Section 2.7.E). 

 O Intoxication (local anaesthetic overdose).
 O Amniotic fl uid embolus (see Section 2.5.I).

Maintain a high index of suspicion of pre- eclampsia 
or eclampsia even in those with malaria, migraine or 
epilepsy, as the conditions may coexist.

A small proportion of mothers with eclampsia have a 
normal blood pressure. Treat all convulsions as eclamp-
sia until another diagnosis is confi rmed. 

Convulsions with signs of pre- eclampsia indicate 
eclampsia.

Convulsions due to eclampsia: 
 O can occur regardless of the severity of hypertension 
 O are diffi cult to predict, but rarely occur without increased 

tendon refl exes, headache or visual changes 
 O are tonic–clonic and resemble grand mal convulsions 

of epilepsy 
 O may recur frequently, as in status epilepticus, and may 

be fatal 
 O will not be observed if the woman is alone 
 O may be followed by coma that lasts for minutes or hours 

depending on the frequency of convulsions
 O occur after childbirth in about 44% of cases, usually but 

not always within the fi rst 24 hours after birth. The longer 
the gap between delivery and a fi t, the more likely the 
diagnosis is to be a condition other than eclampsia 
(e.g. cerebral venous thrombosis).

The fi rst eclamptic fi t is usually self- limiting. 
Control of blood pressure is essential in the management 

of severe pre- eclampsia or eclampsia where high blood 
pressure may cause a cerebrovascular accident (stroke). 
Magnesium sulphate is essential for preventing eclampsia 
and, if eclampsia occurs, for preventing further fi ts.



204

International Maternal & Child Health Care

TABLE 2.5.E.1 Differential diagnosis of hypertension and convulsions in pregnancy

Symptoms Signs Results of 
investigations

Diagnosis Treatment

None unless very severe Blood pressure * 
140/90 mmHg before 
20 weeks’ gestation

Urine for protein negative
Renal function tests 
normal

Essential 
hypertension

Consider 
antihypertensive 
drugs

None unless very severe Blood pressure * 
140/90 mmHg before 
20 weeks’ gestation

Proteinuria ) 2+ Hypertension 
secondary to other 
disease such as 
renal impairment, or 
autoimmune disease

Treat hypertension 
with drugs if severe, 
and treat the 
underlying condition

None unless very severe Blood pressure * 
140/90 mmHg after 
20 weeks’ gestation

No proteinuria Pregnancy- induced 
hypertension

Treat hypertension 
with drugs if severe

None unless very severe Blood pressure * 
140/90 mmHg before 
20 weeks’ gestation 

Proteinuria ) 2+ Mild to moderate 
pre- eclampsia

Avoid work involving 
heavy labour

Headaches increasing in 
frequency and unrelieved 
by paracetamol
Visual disturbance
Upper abdominal pain
Shortness of breath
Passing small amounts 
of urine
Oedema

Blood pressure * 
140/90 mmHg after 
20 weeks’ gestation
Hyper- refl exia
Passing less than 400 mL of 
urine in 24 hours
Pulmonary oedema
Facial and rapidly developing 
oedema

Proteinuria * 2+ Severe pre- eclampsia Urgent admission to 
hospital
Magnesium sulphate

May be history of the 
above
Generalised convulsions
Unconscious

Generalised fi tting
Coma
Blood pressure * 
140/90 mmHg after 
20 weeks’ gestation
Facial and rapidly developing 
oedema

Proteinuria * 2+ Eclampsia ABC
Magnesium sulphate

Diffi culty opening mouth 
and swallowing

Spasms of the face, neck 
and trunk
Arched back
Board- like abdomen

Tetanus ABC,
Penicillin, anti- tetanus 
immunoglobulin
Muscle relaxants 
(magnesium and/or 
diazepam)
Nasogastric feeding

Past history of 
convulsions

Convulsions
Coma
Normal blood pressure

EEG abnormal Epilepsy ABC, blood glucose
Anticonvulsant drugs

Chills/rigors
Headache
Muscle/joint pain

Fever
Convulsions
Coma
Severe anaemia
Jaundice

Blood smear for malarial 
parasites

Severe malaria ABC, blood glucose
Antimalarial drugs

Headache
Stiff neck
Photophobia
Vomiting

Fever
Stiff neck
Reduced conscious level or 
coma
Convulsions

Full blood count
Blood culture
Lumbar puncture (unless 
there is evidence of 
raised intracranial 
pressure)

Meningitis or 
encephalitis

ABC
Antibacterial or 
antiviral drugs

Headache
Blurred vision
Photophobia
History of migraine

Normal blood pressure No proteinuria Migraine Paracetamol
Bed rest in dark room

Cerebral venous 
thrombosis
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Maternal complications of severe 
pre- eclampsia
These include the following:

 O eclampsia
 O cerebrovascular accident (stroke) 
 O renal failure
 O HELLP syndrome, possible leading to rupture of the 

liver capsule
 O pulmonary oedema
 O placental abruption, possibly leading to DIC
 O intrauterine growth restriction, fetal death.

Primary assessment, resuscitation and 
emergency treatment of convulsions in 
eclampsia

Call for help
 O Never leave the patient alone. 
 O Prevent maternal injury during the convulsion.

Airway
 O If the airway is not open, use an airway- opening manoeu-

vre and keep it open. Consider an airway adjunct such as 
an oropharyngeal airway or intubation. Do not attempt 
to insert an oropharyngeal airway while the patient is 
convulsing.

 O The oropharynx may need gentle suctioning under direct 
vision, being careful to avoid inducing laryngospasm.

 O The recovery position should be adopted to minimise 
the risk of aspiration of vomit. 

Breathing
 O If there is spontaneous breathing, give a high concen-

tration of oxygen via a face mask plus reservoir. Give 
100% oxygen (mask with reservoir and a fl ow rate of at 
least 5 litres/minute) regardless of the mother’s oxygen 
saturation (this increases fetal oxygen delivery as well 
as improving maternal tissue oxygenation). 

Aim to deliver within 12 hours
STABILISE THE MOTHER BEFORE 
DELIVERY 
Ergometrine should not be used in 
severe pre-eclampsia and eclampsia 
Maintain close monitoring, as the 
majority of eclamptic seizures occur 
after delivery

Call for surgical and anaesthetic help 
and initiate resuscitation

Protect the patient from injury

Airway open and place in recovery 
position: consider oropharyngeal airway

Breathing: 100% oxygen and 
bag-mask if not breathing

Circulation: assess pulse and 
blood pressure, place in lateral tilt 

position and obtain IV access

CONTROL FITS
Magnesium sulphate (MgSO4)

TREAT HYPERTENSION

DELIVER THE BABY, UNLESS 
POSTPARTUM

Antihypertensives

Treat hypertension if systolic BP ≥ 
170 mmHg or diastolic BP ≥ 110 
mmHg 
Aim to reduce BP to around 
140/90–140/100 mmHg
Beware treatment-related maternal 
hypotension 

Hydralazine: 5 mg IV slowly 
Repeated doses of 5 mg IV 15 
minutes apart may be given if 
necessary. If heart rate > 120 
beats/minute do not give hydralazine, 
but use labatolol
Labetalol: 10 mg IV slowly and repeat 
after 10—20 minutes or start IV 
infusion 20 mg/hour increasing dose 
at 30-minute intervals up to maximum 
of 160 mg/hour
If IV access is not available give 
100 mg orally and transfer

Magnesium sulphate
In poorly resourced settings

Loading dose: MgSO4 5 g in 
10 mL by deep intramuscular 
injection in each buttock. Thus 
total dose given = 10 grams
In hospital also add 4 g IV 
over 20 minutes
Maintenance dose: MgSO4 
5 g IM 4-hourly using 
alternate buttocks

In well-resourced settings
Loading dose: MgSO4 
4 g IV over 20 minutes 
Maintenance dose: MgSO4 
1 g per hour infusion 

If seizures continue or recur
MgSO4 2 g IV over 
5–10 minutes or IM 
If this fails: diazepam 2 mg 
IV every 2 minutes to 
maximum total of 10 mg IV 

Stop MgSO4 if: 
respiratory rate < 16 breaths/
minute
OR if SaO2 < 90%
OR if urine output < 100 mL 
in 4 hours
Antidote: 10% calcium 
gluconate 10 mL IV over 
10 minutes

Urgent delivery

FIGURE 2.5.E.4 Pathway of care for eclampsia when the mother is having convulsions.

FIGURE 2.5.E.5 The recovery position.
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 O If there is apnoea or hypoventilation, provide ventilation 
with bag- valve- mask- reservoir ventilation and 100% 
oxygen.

Circulation
 O Look for signs of life (breathing, movement, gagging/

coughing) or for a pulse at the carotid. If these are absent 
or you are not sure, initiate CPR (see Sections 1.12 
and 1.13).

 O If the mother is over 20 weeks’ gestation, put her in 
the left lateral tilt position and/or manually displace the 
uterus to reduce vena caval compression, or put her in 
the recovery position.

 O Secure IV or intra- osseous access. 
 O Monitor the blood pressure.
 O Attach a pulse oximeter. 
 O Insert a urinary catheter with strict fl uid input/output 

chart.

Insert a 14G or 16G IV cannula and take 20 mL of blood 
for full blood count, blood group, cross- matching (4 units 
= 2 litres) and clotting. Do a 20- minute whole blood clotting 
time (WBCT20) test if laboratory analyses are not available 
(see Section 7.5).

A central venous pressure (CVP) line may be a helpful 
monitor to avoid fl uid overload, but the benefi ts must be 
weighed against the risks. If disseminated intravascular 
coagulation (DIC) is established, CVP insertion is more 
hazardous (you must avoid subclavian vein access).

Emergency drug treatment of 
eclampsia 
Stopping the convulsion and preventing 
further convulsions
The majority of seizures are self- limiting. 

Commence magnesium sulphate to prevent further 
fi ts. 

Magnesium sulphate (MgSO4 ) treatment
Magnesium sulphate is the anticonvulsant of choice.

If the mother is conscious, warn her that there will be a 
feeling of warmth passing through her body when magne-
sium sulphate is infused, and that this is not harmful. Failure 
to do so may result in the mother pulling out her IV cannula, 
and other potentially dangerous reactions. 

Loading dose in well- resourced settings
Give 4 grams of MgSO4 as 20 mL of a 20% solution of 
magnesium sulphate IV added to 80 mL of 5% dextrose 
solution given slowly over 20 minutes (total volume 100 mL). 
(To make 20 mL of a 20% solution, add 8 mL of 50% MgSO4 
solution to 12 mL of sterile water.)

If convulsions recur after completion of the loading 
regime, give 2 grams of MgSO4 IV slowly over 10 minutes 
(10 mL of 20% solution is added to 90 mL of Ringer- lactate 
or Hartmann’s solution).

Do not use the same IV line to inject other drugs if 
MgSO4 is being given by IV infusion. 

Loading dose in resource- limited settings
Give 5 grams of MgSO4 (10 mL of 50% solution) by deep 
intramuscular injection in each buttock. Thus the total dose 
given is 10 grams. (Sometimes 0.5 mL of 2% or 1 mL of 

1% lignocaine is given in the same syringe for each 
injection of 5 grams, to reduce the pain of the injec-
tions.) An aseptic technique is essential.

Maintenance dosage
 O Well- resourced countries: Provided that there is close 

monitoring (ideally with a burette in giving set), give 
1 gram of MgSO4/hour IV for 24 hours (i.e. 25 mL/
hour of the loading dose solution of 4 grams in 100 mL 
described above). 

 O Resource- limited countries: give 5 grams of MgSO4 IM 
4- hourly (plus 1 mL of 1% lignocaine, or 0.5 mL of 2%, 
in the same syringe) using alternate buttocks. 

Alternative regime
This regime is recommended in Asia where pregnant 
women are smaller than those in Africa and there are more 
resources.

Loading dose: Give 4 grams of MgSO4 as 20 mL of 
a 20% solution added to 80 mL of 5% dextrose solution 
slowly IV over 20 minutes (total 100 mL). (To make 20 mL 
of a 20% solution, add 8 mL of 50% MgSO4 solution to 
12 mL of sterile water).

Then immediately give 3 grams (6 mL of 50% solu-
tion) by deep intramuscular injection in each buttock. 
(Sometimes 1 mL of 1% or 0.5 mL of 2% lignocaine is 
given in the same syringe, to reduce the pain of the 
injections.) 

Maintenance dose
Give 2.5 grams of MgSO4 IM every 4 hours using alternate 
buttocks. 

Treatment if seizures continue or recur
Give 2 grams of MgSO4 if body weight is less than 70 kg, 
or 4 grams if body weight is over 70 kg, as an extra loading 
dose IV over 5–10 minutes or IM in low- resource settings. 

Alternative regime
This regime is undertaken in some West African countries, 
and was recommended by the World Health Organization 
in 2003.

Loading dose: 4 grams IV of MgSO4 over 20 minutes: 
add 8 mL 50% to 92 mL Ringer- lactate or Hartmann’s 
solution. This is followed by 10 grams 50% MgSO4 solu-
tion IM (5 grams in each buttock: deep IM injections with 
lidocaine as above in the same syringe). Ensure that the 
needle is not in a vein.

Maintenance dose: This is 5 grams MgSO4 50% solu-
tion with lidocaine every 4 hours into alternate buttocks.

If eclampsia recurs, and only after 15 minutes, give 
2 grams of MgSO4 over 5 minutes IV: add 4 mL of 50% to 
16 mL of Ringer- lactate or Hartmann’s solution.

Continued treatment with magnesium 
sulphate
Continue MgSO4 for 24 hours after delivery or the last 
convulsion, provided that:

 O respiratory rate is > 12–16 breaths/minute
 O urine output is > 30 mL/hour (WHO fi gure is > 100 mL 

over 4 hours) 
 O tendon refl exes are present.

Discontinue magnesium sulphate when:
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 O blood pressure is stable and consistently below 
150/100 mmHg

 O diuresis has started
 O there are no neurological symptoms.

Monitor the fetus by regular heart rate assessments. 
A fl uid balance chart must be kept (see below).
Remember to subtract the volume containing MgSO4 

infused from total maintenance infusion volume to avoid 
fl uid overload.

When using magnesium sulphate, monitor hourly urine 
output, respiratory rate, SaO2 and tendon refl exes every 
15 minutes for the fi rst 2 hours, and then every 30 minutes.

Progressive symptoms of magnesium toxicity
These include the following:

 O double vision, confusion, slurred speech, nausea and 
weakness

 O loss of tendon refl exes
 O respiratory depression (< 12–15 breaths/minute) and/

or SaO2 < 94%
 O respiratory arrest
 O cardiac arrest.

If magnesium toxicity is suspected, stop the infusion and if 
severe signs such as very slow respiration, respiratory or 
cardiac arrest, administer antidote of 10 mL 10% calcium 
gluconate IV slowly over at least 1–2 minutes.

Stop the infusion of magnesium sulphate if:
 O patellar refl exes are absent
 O there is respiratory depression (respiratory rate < 12–15 

breaths/minute) or a fall in oxygen saturation to ) 92% 
on a pulse oximeter. Give oxygen to keep oxygen satu-
ration at 94–98% 

 O urine output is less than 30 mL/hour over the last 4 hours.

If respiratory depression develops, give 100% oxygen by 
face mask with reservoir, and give calcium gluconate 1 gram 
(= 10 mL of 10% solution) IV slowly over 1–2 minutes. Too 
rapid administration can result in loss of consciousness, 
cardiac arrhythmias and cardiac arrest.

If respiratory arrest occurs:
 O give chest infl ations with bag- valve- mask ventilation 

with 100% oxygen
 O inject calcium gluconate 1 gram (10 mL of 10%) IV slowly 

over 5 minutes.

The magnesium sulphate infusion may be recommenced 
at a reduced dose, if this is considered necessary, once 
normal respiration and refl exes have returned. 

Note for anaesthetists: there is an increased sensitivity to 
muscle relaxants (particularly non-depolarising agents) in 
patients on magnesium.

In patients with known renal disease or myasthenia 
gravis, magnesium sulphate is contraindicated and, if 
available, phenytoin should be used. The loading dose is 
15 mg/kg (maximum dose 2 grams) over 20 minutes by 
slow IV injection. Subsequently a dose of 100 mg orally 
twice a day can be given. IV injection if given too rapidly 
can cause severe hypotension, cardiac arrhythmias or 
respiratory arrest. 

Other anticonvulsant drugs
If repeated fi ts occur despite magnesium sulphate, give 
either rectal paraldehyde (10–20 mL as an enema mixed 
with 10 parts of Ringer- lactate solution; do not give if it is a 
brownish colour or smells of acetic acid; note that it crosses 
the placenta) or rectal diazepam (500 micrograms/kg or 
10–20 mg; may cause neonatal hypothermia, hypotonia 
and respiratory depression).

Other causes of fi tting should be considered if fi ts per-
sist or recur despite magnesium sulphate. These include a 
cerebrovascular accident (stroke), malaria and meningitis.

If magnesium sulphate is not available, use diaz-
epam (see below).

Diazepam 
A bag- valve-mask must be immediately available in case the 
patient stops breathing.

Loading dose: diazepam 2 mg increments IV every 
2 minutes up to 10 mg. 

If convulsions recur, repeat the loading dose. 
Maintenance dose: diazepam 40 mg in 500 mL of 

Ringer- lactate or Hartmann’s solution, titrated to keep 
the mother sedated but able to be woken and without 
hypoventilation.

Maternal respiratory depression may occur when the 
dose exceeds 30 mg in 1 hour. Assist ventilation (e.g. 
bag- valve- mask, anaesthesia apparatus, intubation) if 
necessary, and do not give more than 100 mg in 24 hours. 

Rectal administration: give diazepam rectally when 
IV access is not possible. The loading dose is 20 mg in a 
10- mL syringe. Remove the needle, lubricate the barrel and 
insert the syringe into the rectum to half its length. Discharge 
the contents and leave the syringe in place, holding the but-
tocks together for 10 minutes to prevent expulsion of the 
drug. Alternatively, the drug may be instilled in the rectum 
through a catheter. 

If convulsions are not controlled within 10 minutes, 
administer an additional 10 mg per hour or more, depending 
on the size of the woman and her clinical response.

Be prepared for neonatal resuscitation when diaz-
epam has been administered, especially if it was used 
in large doses.

Severe pre- eclampsia
Stage 1: Prevention of fi tting
If there are signifi cantly increased tendon refl exes, often 
also with ankle clonus, before delivery or afterwards, and 
the patient shows other signs of impending eclampsia (e.g. 
confusion, jitteriness, severe headache), prophylactic ‘anti-
convulsant’ therapy (magnesium sulphate where possible) 
should be commenced. 

Other indications for magnesium sulphate treatment 
where eclampsia has not yet occurred include the following: 

 O persistent hypertension despite adequate antihyperten-
sive drugs and good fl uid management

 O evidence of thrombocytopenia or liver dysfunction (if 
these can be measured).

The same regimen of magnesium sulphate (or diazepam if 
magnesium sulphate is not available) is used for prophylaxis 
as described above for the treatment of eclampsia. A load-
ing dose alone may be suffi cient.
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Stage 2: Reduction of blood pressure and 
expansion of intravascular volume
Hypertension should be treated if the blood pressure is * 
170/110 mmHg as described above. Careful fetal monitor-
ing during the commencement of treatment is vital, as a 
rapid fall in maternal blood pressure may cause fetal heart 
rate abnormalities, especially in a growth- restricted or 
compromised fetus. 

If the gestation is less than 36 weeks, dexamethasone 
or betamethasone 12 mg IM in two doses 24 hours apart 
should be given to improve fetal lung maturity and decrease 
the risk of neonatal respiratory failure, if time allows. 

Antihypertensive drugs
See pp. 202–3.

Volume expansion during antihypertensive 
treatment
Antihypertensive agents such as nifedipine and hydralazine 
act as vasodilators. In pre- eclampsia where intravascular 
volume is reduced, a small volume load should be given 
immediately prior to IV antihypertensive treatment (300 mL 
or Ringer- lactate or Hartmann’s solution IV over 20 min-
utes). Colloid or starch, such as Haemaccel (500 mL), which 
remains for longer in the intravascular compartment, may 
be helpful. Clinical examination for signs of cardiac failure 
(see Section 2.7.A) should be sought before and after such 
treatment.

Stage 3: Anticipate and/or manage 
complications
Airway and breathing

 O Keep the airway clear. 
 O The respiratory rate should be recorded regularly (ideally 

it should be 15–40 breaths/minute).
 O Beware of over- sedation, aspiration, pulmonary 

oedema and laryngeal oedema (which presents 
with stridor).

 O If the respiratory rate is less than 12–15 breaths/minute, 
particularly if the mother is receiving magnesium sul-
phate or opiates for pain control, action should be taken 
and other signs of toxicity sought (see above). 

 — If an opiate is being used, naloxone may be required.
 — If magnesium sulphate is being given, stop this and 
give calcium gluconate (see above). 

 O Oxygen can be given using nasal cannulae (ideally with 
SaO2 monitoring) if SaO2 is less than 94%. Keep SaO2 
in the range 94–98%.

 O Arrange for a chest X- ray if aspiration is suspected. 
 O An increased respiratory rate is an early sign of pulmo-

nary oedema.

Circulation
Consider fl uid balance/fl uid overload 
(urinary catheterisation is important).
Usually there is net fl uid overload in pre- eclampsia, but the 
fl uid has leaked out of the intravascular compartment due 
to low oncotic pressure (partly due to hypoalbuminaemia) 
and increased capillary permeability.

Complications of excessive fl uid in the wrong compart-
ment include cerebral oedema, pulmonary oedema and 
laryngeal oedema (stridor).

Renal failure may develop secondary to the hypertension 

or to intravascular hypovolaemia (or as a primary injury in 
severe pre- eclampsia).

Keep IV fl uids at a rate of less than 100 mL/hour 
or less than 1 mL/kg per hour (the World Health 
Organization suggests a rate of less than 1 litre in 
6–8 hours). Fluid restriction should be maintained until 
there is postpartum diuresis, which is easy to recognise 
as there is usually oliguria in severe pre- eclampsia. If 
there is APH or PPH, fl uid restriction will probably not 
be appropriate. 

 O Insert an indwelling urinary catheter, and keep a strict 
intake–output chart with hourly running totals. The total 
maintenance fl uid intake should not exceed 1.5–2 litres 
over 24 hours. If the average urine output is less than 
30 mL/hour over a period of 4 hours this is usually due 
to the decreased intravascular volume, and will respond 
to a bolus of 200 mL of IV Ringer- lactate or Hartmann’s 
solution, which can be repeated if necessary.

 O In the presence of over- hydration, particularly with heart 
failure or renal impairment, furosemide 20–40 mg IV 
should be given. Mannitol is not advisable because 
of the fl uid load that results from its administration, 
and because of its rebound effects.

 O Beware of cardiac arrhythmias. Ideally monitor potas-
sium levels regularly and ECG continuously.

 O Magnesium sulphate is renally excreted, so careful 
observation for magnesium toxicity is required if there 
is oliguria. 

 O Fluid infusion equal to the same quantity as the urinary 
output in the preceding hour plus 30 mL is a useful guide 
to IV fl uid administration. 

 O Central venous pressure (CVP) monitoring may be useful 
to guide management, especially if urine output is low. 
(Keep the CVP at up to + 6 cmH2O in a spontaneously 
breathing patient.)

Additional organ involvement
Neurological complications
These include cerebrovascular accidents and cerebral 
oedema.

Undertake regular (2- hourly) neurological examina-
tion (including pupillary and tendon refl exes) and record 
the AVPU and/or Glasgow Coma Scale (GCS) scores. All 
patients should be able to open their eyes to stimulus, obey 
commands and respond to questions about their name and 
age. If not, they are over-sedated or may be developing 
cerebral complications.

The GCS Scale has three components, with a maximum 
possible score of 15:

E Eye-opening 
response (E) 

Spontaneous 4

To speech 3

To pain 2

None 1

M Best motor 
response (M)

Obeys command 6 

Localises to pain stimulus 5 

Withdraws 4

Abnormal fl exion/decorticate 
posture

3 

Extensor response/decerebrate 
posture

2 

No movement 1
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V Verbal response 
(V) 

Oriented 5 

Confused 4 

Inappropriate words 3 

Incomprehensible sounds 2 

None 1

A GCS score of ) 8 indicates coma and an airway that 
is not protected by pharyngeal and/or laryngeal refl exes. 

Cerebral oedema is usually localised to the occipital and 
parietal cortical areas, and is a result of cerebral vasospasm. 
Magnesium sulphate can help to prevent this. Mannitol is 
not indicated. Recurrent convulsions despite magnesium 
sulphate with or without other anticonvulsants may require 
intubation and controlled ventilation (if available).

Haematological complications
These include disseminated intravascular coagulation (DIC).

 O Group and save and cross- match fresh blood.
 O Check the full blood count, including a platelet count 

if possible.
 O Do a whole blood clotting test as well as APTT (if avail-

able) (see Section 7.5). Failure of a clot to form after 
7 minutes, or formation of a soft clot that breaks down 
easily, suggests coagulopathy.

 O If the platelet count is > 100 000 × 109, a major coagula-
tion problem is unlikely. Spontaneous haemorrhage may 
occur with counts below 10 000 × 109.

 O In frank DIC, give whole fresh blood if there is bleeding.

Hepatic complications
These include jaundice, bleeding tendency, hepatic failure, 
hepatic sub- capsular oedema or hepatic rupture (the last 
two cause right upper quadrant or epigastric pain).

Delivery of the baby is urgent. 

Fetal problems
These include intrauterine growth retardation, fetal distress 
in labour, preterm delivery as a result of obstetric interven-
tion, fetal death due to placental abruption or fetal asphyxia 
in labour. 

General nursing care
 O Airway and breathing management should be under-

taken as appropriate. This includes ensuring that SaO2 
remains normal at * 94%.

 O Maintain the patient in the lateral tilt or recovery position 
at all times before delivery.

 O Indwelling aseptically placed urinary catheter and hourly 
urine output measurement.

 O Care of eyes and oral hygiene.

The HELLP syndrome (Haemolysis, Elevated Liver 
enzymes, Low Platelet counts) syndrome is a danger-
ous form of severe pre- eclampsia. 

 O If the platelet count is < 50 000 × 109 there is a high risk 
of bleeding, and if bleeding occurs in the absence of 
platelet transfusions, fresh blood may be helpful.

 O Liver dysfunction may cause upper abdominal pain, and 
lowering of the blood pressure may be helpful.

 O Delivery is urgent.

Stage 4: Delivery of the baby
The need for in- utero transfer should be considered, 

particularly if there are maternal complications that are 
likely to require a Caesarean section or high- dependency 
care. The need for delivery is dependent on the maternal 
and fetal conditions. Either Caesarean section or induction 
of labour may be appropriate, depending on the clinical 
fi ndings. Although delivery will resolve the disease, it is inap-
propriate to deliver an unstable mother, even if there is fetal 
distress. Once eclamptic seizures have been controlled, 
severe hypertension has been treated and any hypoxaemia 
corrected, delivery can be expedited.

In severe pre- eclampsia, aim to deliver within 24 hours 
of the onset of symptoms. In eclampsia, aim to deliver within 
12 hours of the onset of convulsions.

It is important to stabilise the mother’s condition fi rst. 
Then decide about the mode of delivery.

In selected patients, labour may be induced if the 
following conditions apply: 

 O the cervix is favourable
 O the maternal condition is stable (i.e. eclampsia and blood 

pressure are controlled), there is no fetal distress and 
there is a cephalic presentation.

Assessment of the cervix
 O If the cervix is favourable (i.e. soft, thin and partly 

dilated), rupture the membranes with an amniotic hook 
or a Kocher’s forceps, and induce labour using an oxy-
tocin infusion (see Section 2.3) or oral misoprostol (see 
Section 2.3 and below). 

 O If vaginal delivery is not anticipated within 12 hours 
(for eclampsia) or within 24 hours (for severe pre- 
eclampsia), deliver by Caesarean section. 

 O If there are fetal heart rate abnormalities (< 110 beats/
minute or > 160 beats/minute), consider Caesarean 
section if this is safe for the mother. 

 O If the cervix is unfavourable (i.e. fi rm, thick and closed) 
and the fetus is alive, deliver by Caesarean section if 
the mother is adequately resuscitated. 

 O If there are no facilities for Caesarean section or 
if the fetus is dead or too premature for survival, 
deliver vaginally.

Aiming for vaginal delivery 
If the cervix is unfavourable (i.e. fi rm, thick and closed) and 
the fetus is alive, Caesarean section should be performed. 
If the fetus is dead, consideration should be given to induc-
tion of labour using misoprostol (unless there has been a 
previous Caesarean section, in which case misoprostol is 
contraindicated).

There are many possible misoprostol regimens for 
induction of labour (vaginal misoprostol tablet, oral mis-
oprostol solution or oral misoprostol tablet). Each has been 
widely used. The latest evidence is that oral misoprostol 
solution is the most appropriate treatment (Cochrane 
reviews).

Oral misoprostol solution: A single misoprostol tablet 
is dissolved in drinking water (a 200- microgram tablet in 
200 mL of water or a 100- microgram tablet in 100 mL of 
water), and 20–25 mL of misoprostol solution (20–25 micro-
grams) are then given every 2 hours. The solution is stable 
for up to 24 hours at room temperature, but should then 
be discarded.

Oral misoprostol tablets: 100- microgram misoprostol 
tablets are cut to 25 micrograms size and administered 
orally every 2 hours up to a maximum of six doses. However, 
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this may not be very accurate, so there is a danger of giv-
ing an incorrect dosage. The solution described above is 
much safer.

Caesarean section
If Caesarean section is performed, ensure that coagulopa-
thy has been treated. Ensure that fresh blood for transfusion 
is available.

Spinal anaesthesia is usually safer than general anaesthe-
sia for Caesarean section, unless there is a contraindication 
(e.g. maternal refusal, coagulopathy, thrombocytopenia, 
decreased conscious level, ongoing seizures). There does 
not appear to be an exaggerated decrease in blood pres-
sure after spinal anaesthesia, and vasopressors (e.g. 
ephedrine) should be used cautiously in order to avoid a 
hypertensive response. An IV bolus of 500 mL of Ringer- 
lactate or Hartmann’s solution may occasionally be required 
if the blood pressure does fall. 

The use of general anaesthesia in severe pre- eclampsia 
or eclampsia is very hazardous. There may be laryngeal 
oedema, which makes airway management diffi cult, and 
increases in blood pressure during intubation and extuba-
tion, with an increased risk of intracranial haemorrhage. 
Drugs to weaken the vasopressor response to intubation 
should be used. 

Local anaesthesia or ketamine in women with pre- 
eclampsia or eclampsia are contraindicated unless facilities 
and/or expertise dictate that these are the safest options in 
a given situation. 

Stage 5: Management after delivery
 O If the patient is post-eclampsia or at high risk of convul-

sions, continue to administer parenteral anticonvulsants 
(i.e. magnesium sulphate, or diazepam if magnesium 
sulphate is not available) for 24 hours after the birth. 
Continue for as long as the patient has increased ten-
don refl exes. 

 O Do not give ergometrine to women with pre- 
eclampsia, eclampsia or high blood pressure, 
because it increases the risk of convulsions and 
cerebrovascular accidents.

 O Monitor the mother closely. 
 O Use antihypertensive agents if the diastolic blood pres-

sure is > 105–110 mmHg or the systolic blood pressure 
is > 160 mmHg.

 O Continue oxytocin infusion to keep the uterus contracted.
 O Syntometrine (which contains ergometrine, and can 

cause or worsen hypertension) is contraindicated. 
Give oxytocin alone or with misoprostol, and avoid the 
possible hypertensive effects of ergometrine. If postpar-
tum haemorrhage occurs, this should be managed as 
described in Section 2.5.D.iv.

 O Keep the mother in the delivery unit or close observation 
area for at least 24 hours after the last fi t.

 O Review the need for further anticonvulsants and anti-
hypertensive drugs.

 O Regular monitoring is essential. 
 O It is not uncommon for the blood pressure to drop 

transiently following delivery only to rise again after 
24 to 48 hours. Patients with severe pre- eclampsia 
and eclampsia should be monitored as in- patients for 
72 hours after delivery so that dangerous post- partum 
rises in BP can be detected and treated.

 O Plans for care should be communicated to the patient 

and her attendants. The attendants should be educated 
about the use of the left lateral tilt position prior to deliv-
ery, the use of the recovery position after convulsions, 
the risk of aspiration of food, and care of the IV site.

 O Before the mother goes home, the family and attendants 
should be warned about the risk of postnatal depression, 
especially if the outcome has been poor. The woman 
or girl should be followed up closely in the community.

 O In women with severe pre- eclampsia/eclampsia a plan 
should be made to monitor the BP in the post- partum 
period, even in women who are not discharged on 
antihypertensive medication. This is because the BP is 
commonly labile during this period. One or ideally two 
checks (or more if the BP is poorly controlled) should 
be advised over the fi rst 2 weeks following delivery. This 
may be done at a clinic local to the patient’s residence, 
but may require that the patient stay in or near the hos-
pital if no facilities exist close to her home.

 O Women and their families should also be warned about 

BOX 2.5.E.2 Emergency box for eclampsia

Equipment Quantity

Drugs Magnesium sulphate 50%, 5 g in 10- mL 
ampoule × 10 ampoules

Calcium gluconate 10%, 10- mL ampoule 
× 2 ampoules

Hydralazine, 20 mg in 1- mL ampoule × 
2 ampoules

Labetalol, 200 mg in 20- mL ampoule × 
1 ampoule

0.9% Sodium chloride, 10- mL ampoule 
× 10 ampoules

Diazepam, 5 mg/mL ampoules × 20

Intravenous 
fl uids

500- mL bag of Ringer- lactate or 
Hartmann’s solution × 1

Giving set × 1

IV blood giving set × 1

Venous 
access 

20- gauge cannula (pink) × 2

18- gauge cannula (green) × 2

16- gauge cannula (grey) × 2

Tourniquet × 1

Fixation tape × 1 roll

Airway 
equipment

Guedel airways: sizes 4, 3 and 2

Self- infl ating bag-mask-valve
Green oxygen tubing (2 metres) and 
high and medium concentration (MC) 
facemasks for oxygen delivery

Yankauer sucker 

Other 
equipment

50- mL syringe × 2

20- ml syringe × 2

10- mL syringe × 2

Green needles × 2

Patella hammer × 1

Urinary catheter

Charts for vital signs and fl uid balance
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the symptoms of severe pre- eclampsia and advised 
that although delivery does usually resolve the disease, 
it can still worsen suddenly in the fi rst 2 weeks following 
delivery (rarely up to 6 weeks).

 O Antenatal care provided by the hospital during a future 
pregnancy is important. There is an increased risk of 
pre- eclampsia and hypertension if these problems have 
been present before. 

 O All patients are at risk of deep vein thrombosis (DVT), 
so close observation and appropriate treatment if DVT 
is identifi ed are important (see Section 2.5.H). Anti- 
embolism stockings and low- molecular- weight heparin 
(or unfractionated heparin if the former is not available) 
prophylaxis should be considered early on. 

Hypertension may take from many days to up to 3 months 
to resolve. Resolution will occur if the diagnosis is pre- 
eclampsia, unless there is an underlying medical cause.

Monitoring and preparation for 
emergencies

 O Measure pulse rate and volume, blood pressure, respira-
tory rate and oxygen saturation regularly. A minimum of 
hourly if receiving MgSO4 and more often if unstable.

 O Monitor fl uid intake and urinary output hourly.
 O Monitor AVPU and GCS scores, reflexes and pupil 

responses hourly. 
 O Monitor the mother for confusion and visual disturbance.
 O Monitor the fetus regularly.
 O Record all drugs used.

Each maternity unit should have an emergency box to ensure 
that appropriate equipment and drugs are readily available.

2.5.F Prolonged and obstructed labour, uterine rupture and shoulder 
dystocia

Prolonged and obstructed labour
It helps to reduce prolongation of labour if mothers in labour 
are allowed to sit upright, or in a lateral or semi- upright posi-
tion, never fl at on their backs. They should be encouraged 
to stand, and be mobile in the fi rst stage of labour for as 
long as is comfortably possible. The benefi ts of this include 
the assistance of gravity in the descent of the baby, the 
avoidance of pressure on the inferior vena cava (IVC), with 
all of the effects of compression on the circulatory dynam-
ics, and possibly a reduction in the pain of contractions.

Recognition of prolonged or 
obstructed labour and early referral 
Remember the three P’s: Power (too little), Passenger 
(too big) and Passage (too small).

Prevention of prolonged labour
 O Good antenatal care is essential, so that the presenta-

tion of the fetus is known (and ideally confi rmed by 
ultrasound examination) before the onset of labour. If the 
presentation is abnormal, the mother must be trans-
ferred to hospital as soon as she goes into labour. 

 O Use of the modifi ed WHO partograph.
 O Optimal nutritional state in the mother. 
 O Absence of anaemia in the mother.
 O Adequate fl uids and glucose during labour.
 O Ensuring adequate bladder emptying.
 O Emotional support.

Risks associated with slow progress in 
labour

For the mother these include the following:
 O infection
 O uterine rupture
 O fi stulae
 O death.

For the baby they include the following:
 O infection
 O insuffi cient oxygen supply to the brain and traumatic 

injury
 O stillbirth
 O neonatal death
 O permanent brain damage.

FIGURE 2.5.F.1 Cervical dilatation over time. FIGURE 2.5.F.2 Obstruction of the fetal head’s descent.
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Main causes of slow progress in labour
These include the following:
1 poor- quality uterine contractions
2 malpresentations and malpositions
3 disproportion between the size of the baby and the size 

of the pelvis; it is important to exclude causes (1) and 
(2) before diagnosing this.

All three of these causes require urgent transfer to 
hospital.
Bandl’s ring
The presence of a Bandl’s ring may be one sign that is 
seen in obstructed labour. It is often a late sign.

A Bandl’s ring is a depression between the thickened 
upper segment and the thinned lower segment. A distended 
bladder sometimes forms a third swelling.

Moulding of the fetal head
Moulding refers to the overriding of the fetal skull bones that 
may occur during labour. Moulding should be assessed at 
the sagittal suture (not the lambdoid). During descent of 
the fetal head, the fetal skull bones move closer together. 
Moulding is described in three stages. The fi rst stage (+) 
occurs when the bones touch, the second stage (2+) occurs 
when the bones overlap but are reducible, and the third 
stage (3+) is irreversible overlapping of the bones. Moulding, 
especially 3+, may suggest cephalo- pelvic disproportion, 
and should be looked at in conjunction with other clinical 
signs of obstructed labour.

Partogram in obstructed labour
Figure 2.5.F.4 shows the partogram for Mrs H, a mother 
who was admitted in active labour at 10 am. 

 O The fetal head is 3/5 palpable. 
 O The cervix is dilated to 4 cm. 
 O Three contractions occur in 10 minutes, each lasting 

for 20–40 seconds. 
 O Clear amniotic fl uid is draining.
 O There is fetal head moulding. 

At 2 pm: 
 O The fetal head is still 3/5 palpable. 
 O The cervix is dilated to 6 cm and to the right of the 

alert line. 
 O There is a slight improvement in contractions (three in 

10 minutes, each lasting for 40 seconds).
 O There is second- degree moulding.

At 5 pm: 
 O The fetal head is still 3/5 palpable. 
 O The cervix is still dilated to 6 cm. 
 O There is third- degree moulding. 
 O The fetal heart rate 92 beats/minute. 

Caesarean section was performed at 5.30 pm. 
Note: The partogram for Mrs H is characteristic of 

obstructed labour. There is arrest of cervical dilatation in the 
active phase of labour, with no descent of the fetal head. 

The presence of meconium and a falling fetal heart rate 
suggest fetal distress. All of these features, plus moulding of 
the fetal skull bones, point to cephalo- pelvic disproportion. 

Oxytocin was rightly withheld, as Mrs H was multipa-
rous, and this drug would therefore have increased the risk 
of uterine rupture in this patient. 

FIGURE 2.5.F.3 Development of increasing moulding of skull 
bones of fetus in labour. Increasing moulding is a sign of cephalo–
pelvic disproportion.

FIGURE 2.5.F.4 Partogram of obstructed labour.
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Diagnostic issues in obstructed labour
The mother

 O The patient may be dehydrated, tachycardic, ketotic 
(urine positive for ketone bodies, breath smells of 
ketones), febrile and exhausted, and there may be 
infected vaginal secretions. 

 O The bladder may be distended with retained urine, or it 
may be oedematous.

 O Abdominal examination may reveal haemoperitoneum 
from a ruptured uterus. Blood may not appear vagi-
nally, due to the impacted fetal head, which should be 

dislodged upwards to allow full assessment. If a ruptured 
uterus is suspected, a laparotomy should be performed 
(see below).

 O Abdominal examination may reveal distended bowel 
from sepsis and ileus. 

The fetus
 O The lie and relationship of the fetus to the pelvis must 

be assessed. 
 O Despite visible caput at the introitus, 60% of the fetal 

head may still be palpable abdominally. 

FIGURE 2.5.F.5 Partogram showing prolonged active phase of 
labour.

FIGURE 2.5.F.6 Partogram showing inadequate uterine 
contractions corrected with oxytocin.

TABLE 2.5.F.1 Diagnosis of unsatisfactory progress of labour 

Cervix not dilated 

No palpable contractions/infrequent contractions

False labour

Cervix not dilated beyond 4 cm after 8 hours of regular contractions Prolonged latent phase

Cervical dilatation to the right of the alert line on the partogram Prolonged active phase

Secondary arrest of cervical dilatation and descent of the presenting part in the presence of good 
contractions

Cephalo- pelvic disproportion

Secondary arrest of cervical dilatation and descent of the presenting part with large caput, third- 
degree moulding, cervix poorly applied to the presenting part, oedematous cervix, ballooning of 
the lower uterine segment, formation of a retraction band, and maternal and fetal distress 

Obstruction

Less than 3–4 contractions in 10 minutes, each lasting from less than 40 seconds to 1 minute, 
with 1 minute of relaxation between contractions 

Inadequate uterine activity

Presentation other than vertex with occipito- anterior Malpresentation

Cervix fully dilated and the woman has the urge to push, but there is no descent Prolonged expulsive (second 
stage) phase
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The cervix in the primigravida whose partogram is shown in 
Figure 2.5.F.5 was 4 cm dilated on admission. Her contrac-
tions were ineffective at two in 10 minutes, decreasing to 
one contraction in 10 minutes. Her membranes ruptured 
3.5 hours later, but her cervix dilated only a further 2 cm in 
4 hours, with no further dilatation in the subsequent 3 hours. 
Fetal distress developed, with meconium and a falling fetal 
heart rate. Caesarean section was performed. It would have 
been advisable to start an oxytocin infusion at 13.30 hours, 
or at least by 15.30 hours.

The primigravida whose partogram is shown in 
Figure 2.5.F.6 started an oxytocin infusion at the time of 
membrane rupture, which increased the effi cacy of contrac-
tions. She progressed to a spontaneous vaginal delivery. 
The fetal heart rate was satisfactory throughout.

Emergency treatment for obstructed 
labour
Assess ABC and resuscitate if required.

 O Place a wide- bore IV cannula (14-  to 16G).
 O Place the mother in the left lateral tilt or recovery position.
 O Send blood for haemoglobin, grouping and cross- 

matching, and electrolytes if possible.
 O Give 1 litre IV of Ringer- lactate or Hartmann’s solution 

containing 5% or 10% glucose over 1 hour as an infu-
sion, or as rapidly as possible if the patient is shocked. 
Then reassess. 

 O Catheterise the patient to decompress the bladder, 
measure urine output and look for haematuria. 

 — The presence of haematuria may suggest uterine 
rupture. 

 — If there is concern about the viability of the vaginal 

and bladder wall, the catheter may be kept in situ for 
up to 6 weeks to prevent or minimise the formation 
of a vesico- vaginal fi stula.

 O Give IV ampicillin (2 grams 6- hourly), gentamicin (80 mg 
IV/IM 8- hourly or 5 mg/kg body weight IV/IM once 
every 24 hours) and metronidazole (500 mg 8- hourly). 
Cefuroxime (1.5 grams 8- hourly, if available) can be given 
instead of ampicillin plus gentamicin.

 O Measure the pulse rate, capillary refi ll time (CRT), blood 
pressure, temperature and urine output frequently.

 O If uterine rupture has been excluded, shock may be due 
to hypovolaemia, sepsis or both.

If there has been recent food intake, or abdominal disten-
sion is present, the stomach should be emptied using a 
nasogastric tube, and then 10 mL of magnesium trisilicate 
oral suspension should be given to reduce the acidity of 
the gastric contents.

Overcoming slow progress in labour
 O If the cervix is fully dilated and there is cephalic presenta-

tion and no signs of obstruction, instrumental delivery 
(ventouse or forceps) can avoid the need for Caesarean 
section. However, if the cervix is fully dilated and there is 
obstruction, instrumental delivery can make Caesarean 
section very diffi cult by causing further impaction of the 
fetal head.

 O If the cervix is not fully dilated, in the primigravida with 
cephalic presentation, give an oxytocin infusion.

 O If the cervix is not fully dilated, with abnormal presenta-
tion, perform a Caesarean section.

 O If there is a ruptured uterus, a laparotomy and Caesarean 
hysterectomy must be performed.

Assess: 
State of hydration
Presence of ketosis
Presence of fever/infected vaginal secretions/ileus
Bleeding suggesting ruptured uterus (per vaginum or intra-
abdominal)

Assess Airway, Breathing and Circulation and treat as required

Circulation:
· Wide-bore IV cannula (16–18G)
· Blood for Hb, group and cross-match, culture and 

clotting
· IV 500 mL Ringer-lactate or Hartmann’s containing 5% 

dextrose as fast as possible
· Elevate legs and consider use of anti-shock garment
· Catheterise – look fo r urine output/haematuria

Cervix fully dilated, baby cephalic 
and head fully engaged?

Caesarean section

Ruptured uterus?

Ventouse or 
forceps Laparotomy/Caesarean section/

hysterectomy

No Yes

No Yes

Assess progress of labour:
Lie and presentation of fetus
Degree of cervical dilatation
Bladder distension

· IV ampicillin 2 g 6-hourly plus IV gentamicin 80 mg     
8-hourly or 5 mg/kg once daily plus IV metronidazole 
500 mg 8-hourly

· if ileus or abdominal distension, insert nasogastric  
tube

· Magnesium trisilicate antacid enterally

FIGURE 2.5.F.7 Pathway of care in obstructed labour.  
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Urgent referral is required if the above measures are not 
possible. Stabilise the mother’s ABC before transfer if 
necessary.

Reasons for fetal death in obstructed labour 
 O Strong contractions with inadequate relaxation between 

contractions (sometimes made worse by inappropriate 
use of oxytocin) interfere with placental exchange.

 O Excessive moulding of the head, in cephalic presen-
tation, leads to intracranial haemorrhage. In breech 
presentation, the head may be trapped by an incom-
pletely dilated cervix, or may not enter the pelvis because 
of disproportion.

 O Ascending infection, amnionitis and severe intrauterine 
infection caused by prolonged ruptured membranes and 
labour, and/or unsterile vaginal examinations.

 O Ruptured uterus.

Risks of Caesarean section in obstructed 
labour
These include the following:

 O intra- operative haemorrhage
 O post- operative shock
 O generalised peritonitis
 O the hazards of general or regional anaesthesia
 O rupture of the uterine scar in subsequent pregnancies

 O wound complications
 O pelvic abscess
 O visceral damage, especially to the bladder; it may be 

diffi cult to pass a catheter with a very impacted fetal 
head, and the bladder is often oedematous.

The management of uterine rupture in this setting depends 
on its site and extent. With a straightforward anterior rupture 
without extension, uterine repair (plus bilateral tubal ligation) 
may be most appropriate and safe.

If infection is present before a Caesarean section is per-
formed, dangerous complications can follow. In one series 
of 107 Caesarean sections, performed in 156 patients with 
intrapartum infection, the following complications occurred: 

 O post- operative shock: 18 patients (17%)
 O generalised peritonitis: 70 patients (65%)
 O mortality: 13 patients (12%).

Rupture of the uterus 
Complete rupture of the uterus is life- threatening to 
both mother and baby.

Causes
A previous Caesarean section scar may rupture during 
labour. However, obstructed labour, even without a uterine 
scar, particularly in a woman of high parity, may cause 
uterine rupture. It may be caused by inappropriate use 
of oxytocic drugs, especially in multiparous women, or in 
the presence of cephalo- pelvic disproportion. No woman 
who is receiving an oxytocin infusion should be left alone.

Ideally, always use a burette giving set to administer IV 
oxytocin to avoid dangerous over- dosage. In the absence 
of a burette, refer to the progressive oxytocin dosage, 
and use as described in Section 2.3, making sure to 
slow or stop once labour is well established.

Uterine rupture may be caused by violence or trauma 
during pregnancy, sometimes as a result of domestic vio-
lence (see Section 2.11).

Risk factors for uterine rupture
These include the following:

 O malpresentation and malposition
 O previous Caesarean section, especially if oxytocic agents 

FIGURE 2.5.F.9 Bandl’s ring in obstructed labour. Uterine rupture 
may be imminent.

FIGURE 2.5.F.8 Mechanism and anatomy of vaginal fi stulae. The 
arrows show where this mother’s cervix, rectum and bladder are 
being pinched between the baby’s head and the mother’s spine 
and pubis. (a) The baby’s head can press the mother’s vagina 
and bladder against the symphysis pubis or the sacrum. This can 
make the tissues necrose (die) and cause a fi stula. (b) The fi stula 
can be in various places: 1, between the bladder and the vagina; 
2, between the urethra and the vagina; 3, between the bladder 
and the cervix; 4, between the rectum and the vagina (recto-
vaginal fi stula); 5, between the vagina and the small gut. (c) A 
vesico-vaginal fi stula. (d) A catheter has been placed in a recto-
vaginal fi stula.
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are used, or if a classical Caesarean section scar is 
present

 O previous uterine surgery (e.g. myomectomy), or uter-
ine perforation at the time of dilatation and curettage 
(D&C) or manual removal of the placenta; this is often 
unrecognised

 O the multiparous woman who has delivered normally 
before and has a signifi cantly larger baby or a malposi-
tion in the current pregnancy, and is allowed a prolonged 
second stage. 

Symptoms and signs
Uterine rupture usually presents with hypovolaemic shock, 
but vaginal bleeding can be concealed. The baby is usu-
ally dead.

Around 50% of ruptures occur at or near full dilatation. 
 O There is a change in the nature of the pain, from severe 

intermittent pain to a constant dull ache.
 O Vaginal bleeding may or may not be present.
 O There is maternal shock due to blood loss with or without 

vagal stimulation, as well as dehydration, exhaustion, 
and ketoacidosis in cases of prolonged obstructed 
labour.

 O Abdominal distension occurs that is tender to palpation, 
the fetal parts may be very easily palpated, and there is 
absence of a fetal heart rate.

 O On vaginal examination, the presenting part may be 
high or impacted.

 O Uterine rupture may be preceded by the appearance of 
Bandl’s ring (see Figure 2.5.F.9). 

Suspect rupture in a patient with any of these risk factors.

Primary assessment and resuscitation 
Call for help, especially for a surgeon and an anaesthetist, 
as urgent laparotomy will be required.

Airway
 O If the airway is not open, use an airway- opening manoeu-

vre and keep it open. Consider an airway adjunct such 
as an oropharyngeal airway or intubation. 

 O The oropharynx may need gentle suctioning under direct 
vision, but be careful to avoid inducing laryngospasm.

 O The recovery position should be adopted to minimise the 
risk of aspiration of vomit (see Figure 2.5.F.10). 

FIGURE 2.5.F.10 The semi-prone or recovery position.

Breathing
 O If there is spontaneous breathing, give a high concen-

tration of oxygen via a face mask with reservoir. Give 

100% oxygen (mask with reservoir and fl ow rate of at 
least 6 litres/minute) regardless of the mother’s oxygen 
saturation. This increases fetal oxygen delivery as well 
as improving maternal tissue oxygenation. 

 O If the patient is apnoeic or hypoventilating, provide chest 
infl ations with bag- valve- mask- reservoir ventilation and 
high- fl ow oxygen.

Circulation
Evaluate the pulse rate and volume, peripheral circula-
tion (capillary refi ll time) and blood pressure. 

 O If signs of life are absent, initiate CPR. 
 O Perform the left lateral tilt or manual displacement 

of the uterus. 
 O If the patient shows signs of shock, support the 

circulation as described below. 
 — Insert a 14-  to 16G IV cannula and take 20 mL of 
blood for a full blood count, cross- matching (4 units 
= 2 litres) and clotting. Do a whole blood clotting time 
(WBCT) test if laboratory analyses are not available.

 O Give 500 mL to 1 litre of Ringer- lactate or Hartmann’s 
solution by rapid IV bolus.

 O Reassess, and if shock is still present, give blood (if 
available) (500 mL as rapidly as possible after warm-
ing) or another 500 mL to 1 litre of Ringer- lactate or 
Hartmann’s solution.

 O If the patient is ketotic from prolonged obstructed labour, 
add 50 mL of 50% glucose to the second litre of Ringer- 
lactate or Hartmann’s solution.

 O Central venous access may be needed for volume 
replacement if peripheral access is not possible. 

Emergency treatment
1 Obtain consent for laparotomy and hysterectomy.
2 Try to place a second IV cannula.
3 Perform urgent laparotomy under general anaesthesia.
4 The type of operation will depend upon the size and site 

of rupture, and the degree of haemorrhage.
5 Give IV prophylactic antibiotics (ampicillin 2 grams or 

cefuroxime 1.5 grams plus metronidazole 500 mg).

The rupture may extend anteriorly towards the back of 
the bladder, laterally towards the uterine arteries, or into 
the broad ligament plexus of veins, leading to massive 
haemorrhage.

Posterior rupture may occur, and is usually associ-
ated with intrauterine malformations, but has occurred 
in patients who have had a previous Caesarean section 
or uterine trauma, or after rotational forceps. Fundal 
rupture has been documented, and a detailed history 
usually elicits previous dilatation and curettage (D&C) or 
manual removal of the placenta.

Continuing haemorrhage is an indication for performing 
a total or subtotal hysterectomy. Subtotal hysterectomy is 
a simpler procedure than total hysterectomy, and has a 
reduced risk of ureteric or bladder damage.

The choice of uterine repair depends on the site of the 
injury. In one series of 23 cases of ruptured uterus, hyster-
ectomy was undertaken in 15 cases (65%) and repair in 
the other 8 cases. Five successful further pregnancies were 
reported without repeat rupture (all delivered by Caesarean 
section). In another Middle Eastern series of 11 cases of 
uterine rupture, 8 cases had uterine repair, and all became 
pregnant again and were delivered by Caesarean section.
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Shoulder dystocia (see video for download on www.
mcai.org.uk)

Shoulder dystocia is caused by impaction of the shoul-
ders against the bony pelvis. Special manoeuvres are 
required to deliver the shoulders. The reported incidence is 
between 0.15% and 2% of all vaginal deliveries. Shoulder 
dystocia carries a signifi cant risk to the baby due to hypoxia, 
fractures of the clavicle and humerus, and injuries to the 
brachial plexus. 

The problem lies at the pelvic brim where the anterior 
shoulder gets caught, while the posterior shoulder has 
usually entered the pelvis. Treatment therefore aims to 
encourage the anterior shoulder into the pelvis, or if this 
fails, either rotating the posterior shoulder round into the 
anterior position or delivering the posterior arm fi rst. Traction 
on the head when the anterior shoulder is caught above 
the pelvic brim will not work and is dangerous.

Delivery should occur within 5 minutes of the delivery 
of the head. The longer the delay, the greater the risk of 
hypoxic injury to the baby.

Postpartum haemorrhage is common after shoulder 
dystocia, and there is a risk of serious vaginal and perineal 
lacerations.

Risk factors for shoulder dystocia
Antepartum risk factors include the following:

 O fetal macrosomia 
 O maternal obesity 
 O diabetes 
 O prolonged pregnancy 
 O advanced maternal age 
 O male gender 
 O excessive weight gain 
 O previous shoulder dystocia 
 O previous big baby.

Intrapartum risk factors include the following:
 O prolonged fi rst stage
 O prolonged second stage
 O oxytocin augmentation of labour
 O assisted delivery.

These risk factors often do not help in the prediction 
of individual cases of shoulder dystocia. Therefore 
the practice of emergency drills is essential for good 
management of the unexpected case.

Slow progress in labour, particularly in the multiparous 
patient or in the woman with a past history of a big baby 
or diffi culty delivering the shoulders, should alert one to the 
possibility of shoulder dystocia.

During delivery, signs include the following:
 O diffi culty delivering the face and chin
 O head retractions between contractions
 O head bobbing
 O the delivered head becomes tightly pulled back against 

the perineum (turtle sign). 

As soon as the situation is suspected, a plan of action 
should be initiated. 

Management of shoulder dystocia 
If risk factors are present, try if possible to have an experi-
enced obstetrician present in the second stage of labour. 
However, 50% of cases are unexpected. 

Be prepared for the problem, including postpartum 
haemorrhage, which may follow.

Try each manoeuvre for 30–60 seconds only: if it does 
not work, move on. Try to recognise it early on and before 
applying any traction to the head, which can delay helpful 
procedures and cause Erb’s paralysis. 

The following acronym suggested by Advanced 
Life Support in Obstetrics (ALSO) is helpful (see www.
also.org.uk):

HELPERR: H = Help
 E = Evaluate/Episiotomy
 L = Legs (McRoberts)
 P = Pressure (suprapubic)
 E = Enter (posterior arm and Wood’s screw)
 R = Rotate (on to all fours)
 R = Repeat
1 Call for help. This condition needs the most expe-

rienced team and extra helpers.
2 McRoberts manoeuvre (legs) (see Figures 2.5.F.11 

and 2.5.F.12). Both thighs are sharply fl exed, abducted 
and rotated outwards, ideally by two assistants. Each 
assistant holds the leg in the region of the thigh and 
fl exes the leg until the thigh lies parallel to the anterior 
abdominal wall. This will reduce the angle between the 
sacrum and the lumbar vertebrae to help to free the 
impacted shoulder. If two assistants are not available, 
the mother may be placed in the all fours position (see 
below). 

FIGURE 2.5.F.11 McRoberts manoeuvre, showing how important 
it is to fully fl ex both legs on to the mother’s abdomen so that the 
thighs lie parallel to the anterior abdominal wall.

FIGURE 2.5.F.12 In McRoberts manoeuvre, with only one assistant 
the left leg is held fl exed against the abdomen by a nurse, and the 
mother holds her right leg in this position.
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3 Suprapubic pressure with moderate traction (not 
fundal pressure). Suprapubic pressure is applied to 
reduce the diameter between the shoulders and push 
the anterior shoulder underneath the symphysis pubis. 
It is important to know where the fetal back lies, so that 
pressure is applied in the right direction (i.e. from the 
fetal back forwards towards the fetal chest). If you are 
unsure of the position of the back, confi rm it by vaginal 
examination. Pressure should be applied to the back of 
the shoulder with the heel of the hand, and sometimes a 
rocking movement may be helpful. Strong traction and 
fundal pressure should be avoided. 

FIGURE 2.5.F.13 Suprapubic pressure.

4 Apply moderate traction (harder pulling can make 
impaction worse and cause Erb’s paralysis). Once 
both McRoberts manoeuvre and suprapubic pressure 
are in place, moderate traction can be applied while 
discouraging maternal efforts (which can increase the 
impaction of the shoulders).

5 Consider an episiotomy. A medio- lateral episiotomy 
is recommended to allow more room for manoeuvres 
such as delivering the posterior shoulder, allowing the 
operator to use the sacral hollow, and reducing vaginal 
trauma.

6 Deliver the posterior arm and shoulder. Insert a hand 
up to the fetal axilla and hook the posterior shoulder 
down. Traction on the posterior axilla then brings the 
posterior arm within reach. Run your index fi nger or mid-
dle fi nger, or both, along the back of the fetal humerus, 
then flex the elbow at the antecubital fossa, which 
will disengage the arm, which can then be brought 
down (hold the hand and sweep it across the chest). 
Sometimes it comes out directly lying alongside the 
head, and sometimes it comes out with an element of 
rotation anteriorly.

7 Internal rotational manoeuvres (Rubin’s and Wood’s 
screw manoeuvres). These measures are rarely 
required.

Rubin’s manoeuvre. The operator inserts the fi n-
gers of one hand vaginally, positioning the fi ngertips 
behind the anterior shoulder. The shoulder is then 
pushed towards the fetal chest. 

Wood’s screw manoeuvre. If Rubin’s manoeuvre 
is unsuccessful, the fi ngers of the opposite hand may 
be inserted vaginally to approach the posterior shoulder 
from the front of the fetus. The combination of these 
two movements may allow rotation of the shoulders 
and aid delivery. If delivery of the posterior shoulder or 
arm is not successful, try to rotate the posterior shoul-
der 180-degrees in a corkscrew fashion (clockwise or 
anticlockwise) to bring it to an anterior position, from 
which the delivery can continue as normal (this rotation 

releases the impacted anterior shoulder that ends up in 
the posterior pelvis). It is important not to twist the fetal 
head or neck during this manoeuvre. 

8 All fours position. This is another procedure that can 
be useful if no help is available. The mother quickly 
positions herself evenly on hands and knees (Gaskin’s 
manoeuvre). In many cases this alone relieves the dys-
tocia. In addition, it can assist with the delivery of the 
posterior arm. The other manoeuvres described above 
can also be performed with the mother in this position. 
Early on try to deliver the posterior shoulder from this 
position. Sometimes pushing one leg forward into the 

FIGURE 2.5.F.14 Delivery of the posterior arm. Reproduced with 
permission from Macdonald S, Magill-Cuerden J (ed.) Mayes’ 
Midwifery: a textbook for midwives. Elsevier Health Sciences; 
2010. © Elsevier

FIGURE 2.5.F.15 Rubin’s manoeuvre.
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‘starting of a race’ position can open up the pelvis from 
this position.

9 Symphysiotomy. If the baby is still undelivered, sym-
physiotomy should be considered.

10 Check the vagina and perineum for trauma, and repair 
accordingly.

11 Prepare for postpartum haemorrhage.

2.5.G Severe infection in the puerperal period

Diagnosis of infection after childbirth 

TABLE 2.5.G.1 Symptoms and signs of infection, with diagnosis and treatment

Symptoms Signs Investigations Diagnosis Treatment

Rigors/chills

Lower abdominal and/or 
pelvic pain

Foul- smelling liquor

Persistent light vaginal 
bleeding

History of incomplete 
placenta delivered

History of prolonged 
rupture of membranes, 
frequent unsterile vaginal 
examinations in labour

Fever (usually > 38°C)

Tender uterus

Shock

Delayed rate of 
involution of uterus

Full blood count, 
including white blood 
cell count

Blood culture

Lochia for microscopy, 
culture and sensitivity

Endometritis Treat shock urgently if 
present

IV antibiotics

Ampicillin 2 grams IV/IM 
every 6 hours 

plus gentamicin 80 mg IV/
IM every 8 hours or 5 mg/
kg body weight IV/IM once 
every 24 hours 

plus metronidazole 500 mg 
IV every 8 hours

Breast pain

Rigors

Tender over breast

Red wedge- shaped area 
of induration of one 
breast

Fever > 38°C

Mastitis If bacterial infection is 
suspected, give anti- 
staphylococcal antibiotics: 
fl ucloxacillin or cephalexin 
orally for 7 days

Breast pain

Rigors, chills and/or malaise

Swinging fever

Fluctuant swelling in 
the breast, possibly with 
pointing and draining 
of pus

Breast 
abscess

Surgical drainage

If the patient is systemically 
very unwell, give anti- 
staphylococcal antibiotics 
IV: fl ucloxacillin or 
cefotaxime or ceftriaxone

(continued )

FIGURE 2.5.F.16 Wood’s screw manoeuvre.

FIGURE 2.5.F.17 Reverse Wood’s screw manoeuvre.

FIGURE 2.5.F.18 The all-fours position for shoulder dystocia (the 
method to use if you have no one to assist you). Guide the head 
downwards so that the posterior shoulder which has now become 
upwards with the adoption of the all-fours position is delivered.
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Symptoms Signs Investigations Diagnosis Treatment

History of Caesarean section

Rigors, chills and/or malaise

High, swinging fever

Swelling and redness 
around incision

Wound 
abscess

Surgical drainage

Severe abdominal pain

Vomiting

High fever

Abdominal distension

Rigid abdomen

Absent bowel sounds

Shock (see above for 
signs)

Peritonitis Treat shock

Give IV antibiotics

Nasogastric tube

Immediate laparotomy in 
operating theatre

Lower abdominal pain

Diarrhoea

History of Caesarean section

Swinging fever

Swelling in adnexae or 
pouch of Douglas

Tender uterus

Ultrasound

Full blood count, 
including white blood 
cell count

Blood culture

Pus for microscopy, 
culture and sensitivity

Pelvic 
abscess

Give IV antibiotics:

Ampicillin 2 grams IV/IM 
every 6 hours 

plus gentamicin 80 mg IV/
IM every 8 hours or 5 mg/
kg body weight IV/IM once 
every 24 hours 

plus metronidazole 500 mg 
IV every 8 hours

Surgical drainage

Pain in the lower abdomen 
or loin

Nausea and/or vomiting

Increased frequency of 
passing urine

High fever

Tenderness of one of 
the loins over the kidney

Normal bowel sounds

Microscopic examination 
of urine

Stick tests for infection 
(if available)

Urine culture and 
sensitivity if possible

Pyelonephritis IV antibiotics 

(see Section 2.8.F)

If the patient is in shock, 
initiate immediate treatment 

Diffi culty in breathing

Cough, sometimes with 
expectoration

Pleuritic chest pain

Fever

Respiratory distress

Signs of consolidation or 
effusion

Chest X- ray

Ultrasound if there is 
effusion

Pneumonia IV antibiotics (see 
Section 2.8.A)

Rigors

Headache

Muscle and/or joint pains

Fever 

Enlarged spleen

Shock

Reduced consciousness

Jaundice

Anaemia

Fitting

Full blood count

Thick fi lm for parasites

Blood glucose

Malaria Antimalarial drugs (see 
Section 2.8.D)

Endometritis
This is the most serious and common cause of puerperal 
sepsis. It accounts for up to 15% of maternal deaths in 
resource- limited countries.

Infection of retained products of conception is the most 
common cause (suspect this if there is excessive vaginal 
bleeding or poor involution of the uterus). This can lead 
to long- term health problems, including infertility, chronic 
pelvic infl ammatory disease and ectopic pregnancies.

Endometritis is defi ned as infection of the genital tract at 
any time between the onset of rupture of the membranes 
or labour and the 42nd day following delivery or abortion, 
in which two or more of the following are present:

 O abdominal and/or pelvic pain
 O fever of * 37.5°C (can be masked by paracetamol or 

other antipyretic drugs)
 O abnormal quantity of vaginal discharge
 O foul- smelling discharge
 O delay in the rate of involution of the uterus.

Puerperal sepsis can present with few symptoms (the 

woman feels unwell and usually has a fever). It can also 
progress rapidly to become life- threatening within hours.

Pathogens that cause sepsis
The pathogens most commonly responsible are group A 
beta- haemolytic streptococcus (often of community origin) 
and endotoxin- producing enterobacteria (e.g. E. coli). 
Less commonly involved are Clostridium, Bacteroides, 
Chlamydia and Mycoplasma. Bacterial infections are often 
mixed.

Risk factors
These include the following:

 O prolonged rupture of membranes (> 48 hours before 
delivery)

 O contact with others, especially children, with a bacterial 
throat infection (Streptococcus)

 O frequent (particularly unsterile) vaginal examinations
 O prolonged and obstructed labour
 O instrumentation (e.g. forceps delivery)
 O Caesarean section (especially in an emergency)
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 O retained products of conception
 O lack of sanitary towels and hygienic materials to manage 

lochia during the postnatal period
 O sickle- cell disease.

Pathogenesis
 O Endotoxins are released from the cell wall of Gram- 

negative bacteria. 
 O Endotoxins can cause shock.
 O Extensive tissue necrosis, even gangrene, may occur, 

especially in the uterus.

Prevention
 O Antibiotic prophylaxis for prolonged rupture of mem-

branes, manual removal of the placenta and Caesarean 
section. 

 O Antiseptic cream for vaginal examinations (e.g. Hibitane 
obstetric cream).

 O Provision of sanitary towels and other hygienic items to 
all women and girls who have given birth, and where 
family poverty means that these items are not available.

Complications
These include the following:

 O wound infection and wound dehiscence (burst abdomen)
 O peritonitis
 O ileus
 O septicaemia, possibly accompanied by shock
 O abscess formation in cul- de- sac and sub- diaphragmatic 

space
 O adnexal infections
 O ovarian abscess
 O pelvic abscess
 O breast infection or abscess
 O deep vein thrombosis
 O pulmonary embolus.

Investigations
These include the following:

 O high vaginal swab if bacteriology facilities are available
 O midstream samples of urine (MSSU) and microscopy 

of urine.

Treatment
Treat as an emergency, including IV fl uid boluses if shock is 
present (see Section 2.5A), if there is persistent tachycardia 
(> 100 beats/minute), hypotension (systolic blood pressure 
< 90 mmHg), increased respiratory rate (> 25 breaths/
minute), confusion or disorientation, oliguria (< 30 mL/hour), 
rash or bradycardia (< 50 beats/minute). 

Give antibiotics until the patient has been fever- free for 
48 hours or 7–10 days: 

 O ampicillin 2 grams IV every 6 hours 
 — plus gentamicin 80 mg IV/IM every 8 hours or 5 mg/
kg body weight IV/IM once every 24 hours 

 — plus metronidazole 500 mg IV every 8 hours.

If fever is still present 72 hours after initiating antibiot-
ics, re- evaluate the patient and consider revising the 
diagnosis. 

Often a 1 to 2 week antibiotic course is completed orally 
once the patient has been fever free for 48 hours.

If retained placental fragments are suspected, perform 
a digital exploration of the uterus to remove clots and large 

pieces. Use ovum forceps or a large curette if necessary, 
but be very careful not to penetrate the uterine wall, which 
is very soft at this stage. Where general anaesthesia is not 
available, agents such as ketamine may be considered for 
this procedure. 

If there is no improvement with conservative measures, 
and there are symptoms and signs of general peritonitis 
(abdominal pain, fever, and abdominal tenderness with 
rebound tenderness), perform a laparotomy to drain the 
pus, and if the uterus is the source do not leave it too late 
to perform a hysterectomy. 

Wound infections 
Wound infections may be superfi cial or deep. Superfi cial 
infections involve the skin and subcutaneous tissues, but 
not the rectus sheath (fascia). They may present with cel-
lulitis or abscess formation. Cellulitis should be treated 
with antibiotics; this may prevent the development of a 
wound abscess.

Clear or purulent fl uid exuding from the wound should 
raise concern that the infection is deep to the sheath. 
Where there is abscess formation, the wound should be 
opened by removing sutures to the skin and subcutaneous 
tissues, to allow drainage of pus. Antibiotics are not always 
required if an abscess is drained and the surrounding tis-
sues appear healthy.

The wound may require debridement if tissue necrosis 
is suspected. If the sheath looks healthy and intact, the 
fascial sutures should be left in situ. The wound should be 
packed with a damp dressing, which must be changed 
every 24 hours. 

If the sheath appears necrotic or infected, it should be 
opened and the peritoneal cavity inspected for collections 
of pus. If pus is present, it should be evacuated, and a 
broad corrugated drain left in situ in the peritoneal cavity 
to facilitate drainage post- operatively.

Necrotising fasciitis is a relatively uncommon but 
potentially life- threatening variant of wound infection, which 
presents with rapidly spreading cellulitis, with severe pain 
and tenderness. Urgent wide debridement of necrotic tis-
sue is required, with antibiotics as for deep wound infection 
(see below). Secondary closure should be undertaken 
2–4 weeks later, provided that the infection has resolved. 

Antibiotic regimes for wound infections
Where possible, swabs should be taken for culture and 
sensitivity before starting antibiotics.

Superfi cial infections 
Give ampicillin 500 mg by mouth, four times a day for 
5 days, plus metronidazole 500 mg by mouth, three times 
a day for 5 days. 

Deep infections
Give benzyl penicillin, 2 million units (1200 mg) IV every 
6 hours, plus gentamicin 80 mg IV/IM every 8 hours or 
5 mg/kg body weight IV/IM once every 24 hours, plus 
metronidazole 500 mg IV every 8 hours. 

IV antibiotics should be continued until at least 48 hours 
after the pyrexia has settled.

The patient may then be switched to oral antibiotics, 
as described above.
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Peritonitis 
Treat shock, if present. Then:

 O provide nasogastric suction 
 O infuse IV fl uids for maintenance and replacement 
 O give antibiotics IV until the patient has been fever- free 

for 48 hours: 
 — ampicillin/amoxicillin 2 grams IV/IM every 6 hours 
 — plus gentamicin 80 mg IV/IM every 8 hours or 5 mg/
kg body weight IV/IM once every 24 hours 

 — plus metronidazole 500 mg IV every 8 hours. 
 O if necessary, perform a laparotomy to repair diseased 

or injured bowel.

Pelvic abscess
Give antibiotics before draining the abscess, and continue 
until the patient has been fever- free for 48 hours: 

 O ampicillin/amoxicillin 2 grams IV every 6 hours 
 O plus gentamicin 80 mg IV/IM every 8 hours or 5 mg/kg 

body weight IV/IM once every 24 hours 
 O plus metronidazole 500 mg IV every 8 hours. 

If the abscess is fl uctuant in the cul- de- sac, drain the 
pus through the cul- de- sac (culdocentesis) (see below). If 
the spiking fever continues, perform a laparotomy. 

Bowel may be secondarily involved in the infl ammatory 
process, and care must be taken to avoid bowel perforation. 

Peritonitis may develop in association with a pelvic 
abscess. Prompt nasogastric suction and administration 
of intravenous fl uids are important, as well as IV antibiotic 
therapy as described above. 

Culdocentesis and colpotomy
Culdocentesis for the detection of pus 

 O Apply antiseptic solution to the vagina, especially the 
posterior fornix. 

 O Infi ltrate with 1% lignocaine. 
 O Gently grasp the posterior lip of the cervix with a tenacu-

lum and gently pull to elevate the cervix and expose the 
posterior vagina. 

 O Place a long needle (e.g. spinal needle) on a syringe 
and insert it through the posterior vagina, just below the 
posterior lip of the cervix (see Figure 2.5.G.1).

 O Pull back on the syringe to aspirate the cul- de- sac (the 
space behind the uterus).

 O If pus is obtained, keep the needle in place and proceed 
to colpotomy (see below).

FIGURE 2.5.G.1 Culdocentesis: diagnostic needle aspiration of the 
cul-de-sac.

Colpotomy for a pelvic abscess
If pus is obtained on culdocentesis, keep the needle in 
place and make a stab incision at the site of the puncture.

Remove the needle and insert blunt forceps or a fi nger 
through the incision to break the loculi in the abscess cavity 
(see Figure 2.5.G.2). 

 O Allow the pus to drain. 
 O Insert a disinfected soft rubber corrugated drain through 

the incision. (If a surgical drain is not available, a make- 
shift drain can be prepared by cutting off the fi ngertips 
of a disinfected rubber glove.) 

 O If required, use a stitch through the drain to anchor it 
in the vagina. 

 O Remove the drain when there is no more drainage of pus. 
 O If no pus is obtained, the abscess may be higher than 

the pouch of Douglas. A laparotomy will be required for 
peritoneal lavage (wash- out).

FIGURE 2.5.G.2 Colpotomy for pelvic abscess.

Mastitis 
Mastitis may be infective or non- infective, ranging in sever-
ity from mild local erythema and tenderness through to 
abscess and septicaemia.

 O Non- infective mastitis may be due to a blocked lactifer-
ous duct, or to diffi culties with breastfeeding technique. 
It may lead to infective mastitis.

 O Infective mastitis is common in lactating women. It is 
usually caused by the bacterium Staphylococcus, which 
generally responds to a 7-  to 10- day oral course of 
fl ucloxacillin or a cephalosporin, both of which are safe 
to take while breastfeeding. 

Mastitis usually presents with a hot red swollen section of 
one breast. It may be associated with fl u- like symptoms, 
namely pyrexia of 38°C or above, chills and myalgia.

Treatment
Continue breastfeeding. Although the symptoms of mas-
titis may discourage breastfeeding, it is important to try to 
continue. Regular breastfeeding will help to:

 O remove any blocked breast milk from the breast 
 O resolve the symptoms of mastitis more quickly 
 O prevent mastitis from becoming more serious. 

The milk from the affected breast may be a little saltier than 
normal, but is safe for the baby to drink. Any bacteria that 
are present in the milk will be harmlessly absorbed by the 
baby’s digestive system and cause no problems.

Breastfeed frequently on the affected side, in order 
to empty the breast of retained milk. The baby can empty 
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the breast more effi ciently than a breast pump. However, 
if the baby is not feeding well, a breast pump or hand 
expression will be needed to get the milk out. It may be less 
painful if the affected breast is given to the baby second, 
after the let- down refl ex has occurred.

Mastitis can usually be successfully treated by resting, 
drinking plenty of fl uids and varying the baby’s position at 
the breast. It is important to ensure that the baby is properly 
attached to the nipple, and that the breast is empty after 
the feed. It may be necessary to feed more frequently, and 
to express the remaining milk after a feed. Paracetamol is 
useful for pain control. Massaging the areas of tenderness 
may be benefi cial.

Prevention of mastitis
The following advice should be given to any mother who 
has experienced mastitis:

 O Relieve engorgement promptly. Milk that does not fl ow 
gets thicker and clogs the ducts.

 O Breastfeed frequently. Do not restrict the length of 
feedings.

 O If the mother feels her breasts getting full, she should 
encourage the baby to feed without waiting for the baby 
to initiate this.

Repeated mastitis
This is usually the result of irregular breastfeeding pat-
terns, such as missing feeds and giving bottles in place 
of breastfeeding. Recurrent mastitis may also result from 
tiredness and stress. 

With regard to antibiotic treatment, the bacterium 
involved in mastitis is usually Staphylococcus, and the two 
most effective antibiotics are cloxacillins and cephalospor-
ins, which are safe to take while breastfeeding. A 10- day 
oral course is recommended.

2.5.H Pulmonary embolism

BOX 2.5.H.1 Minimum standards
 Q Oxygen.
 Q IV unfractionated heparin.
 Q Low molecular weight heparin.
 Q Subcutaneous heparin.
 Q Blood clotting measurements.
 Q Anti- embolism stockings.

Introduction
If left untreated, as many as 24% of patients with deep 
vein thrombosis (DVT) will have a pulmonary embolism. 
However, when DVT is treated with anticoagulants (if that 
is possible), pulmonary embolism occurs in only 4.5% of 
cases, and the mortality rate is less than 1%.

Deaths are equally common antenatally and postnatally. 
Pregnancy is a thrombogenic state associated with a fi ve-  
or sixfold increase in the risk of pulmonary embolism. The 
majority of DVTs in pregnancy are ileo- femoral, and these 
are more likely to embolise.

Anti- embolism stockings and early mobility after 
Caesarean section and after childbirth are the main ways 
of preventing this.

Additional risk factors
 O Operative delivery: Caesarean section increases the 

risk of pulmonary embolism by two-  to eightfold; the 
risk is greater after an emergency procedure than after 
an elective one.

 O Age: The mortality from pulmonary embolism is 100 
times higher in pregnant women over 40 years of age 
than in those aged 20–25 years.

 O Obesity.
 O Congenital and acquired thrombophilia: Patients with 

antithrombin III defi ciency, protein C and S defi ciency, 
activated protein C resistance, and lupus anticoagulant 
and antiphospholipid antibody are at increased risk of 
pulmonary embolism. 

 O Surgical procedures during pregnancy or the puer-
perium (especially Caesarean section).

 O Other risk factors: Restricted activity, pre- eclampsia, 
dehydration, excessive blood loss and homocystinuria.

Clinical presentation
 O Dyspnoea, tachypnoea, pleuritic chest pain, cough, 

haemoptysis and leg pain.
 O Massive pulmonary embolism may be associated with 

cyanosis, circulatory collapse with hypotension, syncope 
or convulsions and central chest pain.

 O Occasionally, patients present with unexplained 
tachycardia.

TABLE 2.5.H.1 Signs and symptoms of pulmonary embolism

Findings Patients with proven 
pulmonary embolism (%)

Tachypnoea 89

Dyspnoea 81

Pleuritic pain 72

Apprehension 59

Cough 54

Tachycardia 43

Haemoptysis 34

Temperature > 37°C 34

Tachycardia and a few localised crepitations may be the 
only fi ndings on physical examination.

Massive pulmonary embolism may produce right- sided 
heart failure with jugular venous distension, an enlarged liver, 
a left parasternal heave, and fi xed splitting of the second 
heart sound.

Clinical evidence of DVT may not be found in patients 
with pulmonary embolism. Symptoms and physical fi ndings 
must be interpreted with caution during pregnancy, because 
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dyspnoea, tachypnoea and leg discomfort are common 
fi ndings as pregnancy progresses.

Investigations
Request a full blood count, urine and electrolytes, oxygen 
saturation, and (when available) clotting studies and arterial 
blood gases. 

Request an ECG and chest X- ray (if available). These 
investigations do not confi rm or refute the diagnosis of 
pulmonary embolism.

 O ECG is non- specifi c for the diagnosis of pulmonary 
embolism. The changes in electrical axis that occur in 
normal pregnancy make the ECG fi ndings in pulmonary 
embolism even less specifi c. Sinus tachycardia is the 
most common abnormality. Right axis deviation and right 
ventricular strain pattern may be present with a large 
pulmonary embolism. The S1Q3T3 pattern is very rare.

 O Chest X- ray helps to exclude pneumothorax and 
pneumonia. The non- specifi c radiological changes in 
pulmonary embolism include segmental collapse, a 
raised hemidiaphragm, consolidation and unilateral pleu-
ral effusion. A wedge- shaped infarction is a rare fi nding. 

Primary assessment and resuscitation 
for possible pulmonary embolism (ABC 
approach)
Call for help.

Airway 
 O Use an opening manoeuvre if the airway is not open or 

is partially obstructed. If there is an improvement, use 
airway adjuncts to maintain the airway. 

 — An oropharyngeal airway is usually appropriate only 
if the patient is unconscious.

 O Suction if necessary.
 O The airway may need to be maintained and protected 

by intubation using experienced senior help (if available).

Breathing 
 O Provide a high concentration of oxygen through a face 

mask with reservoir bag, if there is adequate spontane-
ous respiration. 

 O For patients with inadequate ventilation or depressed 
conscious level, respiration should be supported with 
oxygen via a bag- valve-mask and experienced senior 
help summoned (if available). 

Give 100% oxygen (mask with reservoir and fl ow rate of 
at least 6 litres/minute) regardless of SaO2, as it increases 
fetal oxygen delivery as well as improving maternal tissue 
oxygenation.

Circulation
 O Place a wide- bore IV cannula (16-  to 18G).
 O Place the woman in a lateral tilt or recovery position if 

undelivered and more than 20 weeks’ gestation.
 O If possible, locally treat clinically suspected pulmonary 

embolism while awaiting confi rmation from objective 
tests (if available) to prevent further thromboembolic 
complications and extension of the existing thrombus. 

 — IV unfractionated heparin is the mainstay of treatment. 
 — Initiate treatment with an IV bolus of 5000 IU of hepa-
rin given over 5 minutes. 

 O Note: there are serious potential risks of anticoagulation, 
in particular the risk of life- threatening haemorrhage in 
the 24 hours after delivery, especially after Caesarean 
section.

 O Empirical anticoagulation should be undertaken only 
when the diagnosis is clear clinically.

 O Additional treatment options for shocked patients 
(if available) include thrombolytic therapy using strep-
tokinase, pulmonary embolectomy and transvenous 
catheter fragmentation of the clot (available only in 
well- resourced units). Expert advice should be sought 
(if available).

Secondary assessment and emergency 
treatment
Involve the senior obstetrician, the anaesthetist and the 
medical team (if available).

Transfer the patient to the high- dependency area (if 
available) and commence close monitoring of heart rate, 
blood pressure, central oxygenation (SaO2 if possible), ECG 
(if available) and urine output.

Anticoagulation
Heparin is the anticoagulant of choice in pregnancy, 
as it does not cross the placenta. Rapid and prolonged 
anticoagulation prevents extension of the thrombus and 
its recurrence. 

When available, acute therapy is with an IV bolus of 
unfractionated heparin, 5000 IU over 5 minutes, followed 
by an IV infusion of 1000–2000 IU/hour for 5–10 days. The 
dose is adjusted to maintain the activated partial throm-
boplastin time (APTT) at 1.5–2.5 times the control. Repeat 
the APTT every 6 hours during the fi rst 24 hours of therapy, 
and thereafter monitor it daily.

Treatment may then be continued with subcutaneous 
heparin at a dose of 10 000 IU twice daily. Maintaining the 
APTT in the therapeutic range (1.5–2.5 times the control) 
following subcutaneous heparin may be problematic, and 
can lead to under-  or over- anticoagulation. Low- molecular- 
weight heparin (LMWH) is ideal if available. 

Before giving heparin, measure the platelet count (if 
available).

Rare complications of heparin treatment are allergy and 
thrombocytopenia. The platelet count should be monitored 
at the onset of treatment and monthly thereafter.

Warfarin crosses the placenta and is associated with 
characteristic damage to the fetus in the fi rst trimester. 
Major fetal CNS abnormalities such as microcephaly and 
optic atrophy are also seen with warfarin use in the second 
and third trimesters. In addition, there is a higher risk of 
intracerebral bleeds from the trauma of delivery, and a higher 
risk of bleeding complications during labour and delivery. 
For all these reasons, warfarin is not recommended in the 
antenatal period. However, warfarin can be initiated in the 
postpartum period and overlapped with heparin until the 
INR is maintained at 2.0–3.0.

Can a patient be anticoagulated with heparin if APTT is 
not available?
This is diffi cult. You will need to weigh the risks of not treating 
against the risks of treating. The only good thing about this 
situation is that the half- life of heparin is short (a few hours). 

 O If the diagnosis is uncertain and/or the risk to the patient 
is low, do not give heparin. 
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 O If the diagnosis is likely and the patient is unwell, give 
5000 units IV as a bolus and then subcutaneous hepa-
rin in small doses of 5000 units 12-hourly. Increase to 
10 000 units twice daily over a few days.

 O If the diagnosis is certain and the patient is severely ill, 
give 5000 units IV as a bolus and start an infusion at 
500 units/hour. Use your clinical judgement and increase 
slowly over 6 hours to 1000–2000 units/hour. Switch 
to subcutaneous heparin as soon as possible and be 
aware of bleeding complications.

LMWH as described above is a good alternative.

Anticoagulant treatment of deep 
vein thrombosis and/or pulmonary 
embolism
Following IV unfractionated heparin given as resuscita-
tion (as described above), provide a heparin infusion of 
1000–2000 IU/hour, and adjust the dose to maintain the 
APTT at 1.5–2.5 times the patient’s control. Repeat the 
APTT every 6 hours during the fi rst 24 hours of therapy. 
Thereafter monitor the APTT daily unless it falls outside the 
therapeutic range.

Another option is to treat with an LMWH such as enoxa-
parin given subcutaneously. The drug is available in syringes 
of 40, 60, 80 and 100 mg. The dose should be based on 
the patient’s pre-pregnancy weight and should be given 
12-hourly. The dose will vary depending on the drug used, 
but for enoxaparin is 1 mg/kg 12 hourly (note this is a greater 
total dose than the non-pregnancy dose of 1.5 mgkg/24 
hours). If coagulation tests are available, the aim is to 
achieve an APTT of 1.5–2.5 times the pre- treatment level. 
If these tests are not available, careful monitoring for signs 
of overdose, which can cause haemorrhage, should be 

undertaken and the mother should be warned of the 
symptoms to be alert for. 

The mother can then be discharged home when she has 
been taught how to administer the injections and dispose 
safely of the needles. 

Anticoagulation following pulmonary embolism or DVT 
should be continued throughout pregnancy and for at least 
3 months postpartum. 

LMWH should be continued for the duration of the 
pregnancy, and for at least 3 months after delivery. An 
expert should be consulted about the use of prophylactic 
heparin during any further pregnancy. 

On entering labour, the mother should not be given 
any further doses of LMWH. If an elective Caesarean sec-
tion is planned, the mother should have the usual dose 
of LMWH on the night before surgery, but the morning 
dose should be omitted. After delivery, as long as there 
are no concerns about bleeding, enoxaparin should be 
restarted 4 hours after a vaginal delivery and 8 hours after 
a Caesarean section. A once daily regimen may be used, 
especially after 3 days when concerns about haemorrhage 
are much reduced.

Shocked patients with a pulmonary embolus should ide-
ally be managed on an intensive- care or high- dependency 
unit (if available). These patients will ideally have arterial 
blood pressure and central venous pressure (CVP) moni-
toring. They will also receive haemodynamic support with 
adequate fl uid management and inotropes, in order to 
ensure maximal right heart fi lling. 

All women at high risk of DVT or pulmonary embolism 
(e.g. those who have suffered these conditions before, in 
this or a previous pregnancy) should use anti- embolism 
stockings and receive subcutaneous heparin until they are 
fully mobile. 

2.5.I Amniotic fl uid embolism

Introduction
Amniotic fl uid embolism occurs when a bolus of amniotic 
fl uid is released into the maternal circulation during uterine 
contractions. It becomes trapped in the maternal pulmonary 
circulation and causes cardiorespiratory collapse and clot-
ting problems with disseminated intravascular coagulation 
(DIC). It is very rare, and extremely diffi cult if not impossible 
to treat without high- level resources.

Clinical presentation
Amniotic fluid embolism usually presents late in the 
first stage of labour. It has also been reported during 
fi rst- trimester surgical termination of pregnancy, second- 
trimester termination, after abdominal trauma and after 
amniocentesis. 

The diagnosis is essentially clinical and by exclusion and 
treatment of other possible causes. Amniotic fl uid embolism 
may occur during labour (70%), during Caesarean section 
(19%) or immediately postpartum (11%).

The major signs include the following:
 O acute hypotension or cardiac arrest

 O acute hypoxaemia (dyspnoea, cyanosis or respiratory 
arrest)

 O coagulopathy (laboratory evidence of DIC or fi brinolysis 
or severe clinical haemorrhage) if the patient survives 
long enough for DIC to become established (more than 
30 minutes)

 O the absence of other causes or symptoms.

Diagnosis
 O This is based on the clinical presentation.
 O Chest X- ray may show pulmonary oedema, adult 

respiratory distress syndrome (ARDS), or right atrial 
enlargement and prominent pulmonary arteries. 

 O The ECG may show a tachycardia and right ventricular 
strain pattern. 

 O Clotting studies may show thrombocytopenia and 
elevated fi brin degradation products or D- dimers. The 
clotting and bleeding times are very prolonged.

Differential diagnosis
 O Pulmonary embolus: infrequent during labour, often 
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accompanied by chest pain, without development of 
coagulopathy.

 O Air embolism: may follow ruptured uterus, pressurised 
IV infusion or Caesarean section. The distinguishing fea-
ture in air embolism is pre- cordial water- wheel murmur. 
There is no coagulopathy.

 O Septic shock: unlikely in the absence of evidence of 
preceding infection and pyrexia.

 O Anaphylactic shock: there is no coagulopathy.
 O Eclampsia: usually preceded or accompanied by hyper-

tension and proteinuria.
 O Toxic reaction to anaesthetic or local anaesthetic 

agents: there is no coagulopathy.
 O Acute left heart failure: usually more insidious onset. 

There is no coagulopathy.
 O Cerebral haemorrhage: no cyanosis or hypotension. 

There is no coagulopathy.
 O Massive obstetric haemorrhage: the history may 

help. Beware concealed abruption. Uterine atony may 
be a feature of both. Hypoxaemia in massive obstetric 
haemorrhage is less pronounced than in amniotic fl uid 
embolism.

 O Aspiration of gastric contents: usually occurs in an 
unconscious patient, or during induction of or emergence 
from general anaesthesia. There is no coagulopathy.

Management
Management is supportive, and aims to correct hypox-
aemia, shock and coagulopathy and its consequences.

 O Give 100% inspired oxygen by face mask and reservoir.
 O If the patient is unconscious (P or U on the AVPU 

scale), intubation and assisted ventilation (if available) 
are needed.

 O High positive end- expiratory pressure (PEEP) should 
be avoided.

 O Two large- bore cannulae (16G) IV should be sited. 
 O Urgently cross- match blood, ideally at least 6 units of 

group- specifi c blood with retrospective cross- matching 
(if available) should be ordered. Check clotting factors (or 
clotting time) and platelets. Blood needs to be sent for a 
full blood count, clotting, fi brinogen and fi brinogen deg-
radation product (FDP) levels (if available) immediately, 
and frequent repeated estimations of haematological 
parameters are required (if available).

 O Cardiac arrest is managed according to protocols (see 
Section 1.13).

 O If the woman is in labour, immediate delivery is required, 
by Caesarean section (under general anaesthetic) if 
vaginal delivery is not imminent. In cardiac arrest, if a 
cardiac output cannot be restored immediately, cardiac 
massage and ventilation should continue and Caesarean 
section should be performed.

 O Circulatory support depends on the causes of decreased 
cardiac output. The available haemodynamic data indi-
cate that high left heart fi lling pressures, refl ecting a 
failing left ventricle, are a feature of the condition. In 
patients who survive the initial haemodynamic collapse, 
there is a high risk of secondary pulmonary oedema 
(70%). Inotropic support, ideally guided by monitoring 
of the central venous pressure (CVP), may be life- saving.

 O If massive obstetric haemorrhage occurs, large volumes 
of fresh blood and blood products may be required.

 O Monitoring of cardiac fi lling pressures may help to pre-
vent fl uid overload and pulmonary oedema.

 O Place an arterial line if possible.
 O Correct coagulopathy with fresh blood, platelets, fresh- 

frozen plasma and cryoprecipitate (rich in fi brinogen) if 
available.

 O Massive haemorrhage may be due not only to coagu-
lopathy, but also to coexisting uterine atony. Oxytocic 
drugs will be needed. Uterine tamponade may reduce 
blood loss while the coagulopathy is corrected.

 O Patients who survive are at high risk for heart failure, 
ARDS and DIC. If the patient is sustaining a cardiac 
arrest, there is a high risk of neurological injury. As in 
other cardiac arrests associated with pregnancy, delivery 
may improve the success of resuscitation.

Outcome
The outcome is poor, even when optimum treatment 
and monitoring is available, so it is important to exclude 
other possible and treatable causes of collapse, including 
anaphylaxis, pulmonary embolism, haemorrhage, sepsis, 
myocardial infarction, eclampsia, intracranial haemorrhage, 
hypoglycaemia and drug toxicity (e.g. magnesium, local 
anaesthetics).

The outcome depends on the facilities for cardiorespira-
tory support and the ability to manage the DIC with blood 
and blood products.

2.6 Complications that require hospital care

2.6.A Ovarian cysts in pregnancy
Ovarian cysts in pregnancy may cause abdominal pain due 
to torsion or rupture. Laparotomy is required if torsion of 
an ovarian cyst is suspected. If the fi ndings at laparotomy 

are suggestive of malignancy (i.e. solid areas in the tumour, 
growth extending outside the cyst wall), the specimen 
should be sent for immediate histological examination if 
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available and the woman should be referred to a tertiary 
care centre for evaluation and management.

Corpus luteum cysts are common and normal in the 
fi rst trimester. They should not be removed surgically, as 
the corpus luteum will disappear as pregnancy progresses.

Asymptomatic ovarian cysts
If, on ultrasound, the cyst is found to be more than 10 cm 
in diameter, observe by regular ultrasound examinations for 
growth or complications. If there is torsion this will produce 
pain and the cyst will need to be surgically removed.

Surgery will pose a signifi cant risk of miscarriage and 
premature delivery. In the case of a torted cyst, the resulting 

necrosis and infection will themselves place the women and 
fetus at risk of acute complications and therefore prompt 
intervention is unavoidable. 

Malignancy is diffi cult to diagnose even where access to 
advanced imaging such as MRI is available, and therefore a 
decision to operate on the basis of suspected malignancy 
is not advised in low resource settings, unless the index of 
suspicion is very high. If this is considered then it should 
take in to account the gestation of the pregnancy, the risk 
of pregnancy loss/prematurity, and the treatment available 
to the mother following delivery.

If the cyst is less than 10 cm in diameter and remains 
so on ultrasound examination, it will usually regress on its 
own and does not require treatment.

2.6.B Reduced fetal movements, intrauterine death and stillbirth

BOX 2.6.B.1 Minimum standards
 Q Pinard’s stethoscope.
 Q Doppler device for fetal heart rate monitoring. 
 Q Ultrasound scan.
 Q Misoprostol and oxytocin or ergometrine.
 Q Fresh blood for transfusion.

General management 
Check for fetal heart sounds, and if they are present, meas-
ure the fetal heart rate. 

If the fetal heart cannot be detected with a Pinard’s 
stethoscope, Doppler device or ultrasound scan, refer to 
Table 2.6.B.1 below.

Diagnosis

TABLE 2.6.B.1 Diagnosis of reduced fetal movements

Symptoms Signs Investigation Diagnosis Treatment

Decreased or absent 
fetal movements

Bleeding (but may not 
be external)

Collapse

Severe constant 
abdominal pain

Shock in the mother

Tense and/or tender 
uterus

Fetal distress or absent 
fetal heart sounds

Pinard’s stethoscope, 
Doppler device or 
ultrasound scan 

Placental abruption Deliver the baby as soon 
as possible (see below) 
by Caesarean section 
if there are signs of 
fetal life

Decreased or absent 
fetal movements

Bleeding (but may not 
be external)

Collapse

Severe constant 
abdominal pain

Shock in the mother

Diffuse uterine 
tenderness with easily 
felt fetal parts

Fetal distress or absent 
fetal heart sounds

Pinard’s stethoscope, 
Doppler device or 
ultrasound scan

Ruptured uterus

Major risk factors 
are prolonged labour, 
previous Caesarean 
section and use of 
oxytocin

Treat shock

When the mother 
is stable perform 
laparotomy

Decreased or absent 
fetal movements

If membranes are 
ruptured, meconium 
staining of liquor

Abnormal fetal heart 
rate (< 100 beats/
minute or > 180 beats/

minute)

Pinard’s stethoscope, 
Doppler device or 
ultrasound scan

Partogram should show 
alerts

Fetal asphyxia Deliver the baby as soon 
as possible (see below) 
by Caesarean section 
if there are signs of 
fetal life

Absent fetal movements Symphysis- fundal height 
decreases

Absent fetal heart rate

If membranes are 
ruptured, meconium 
staining may be present

Pinard’s stethoscope, 
Doppler device or 
ultrasound scan

Full blood count in mother

Clotting screen, including 
measurement of platelet 
count in mother

Fetal death Deliver baby as soon as 
possible (see below)
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Fetal death in the absence of an 
abruption
Fetal death in utero (IUFD) may be the result of fetal asphyxia 
from placental failure, fetal infection, cord accident or 
congenital anomalies. Where syphilis is prevalent, a large 
proportion of fetal deaths are due to this disease. 

Fetal death can be confi rmed by abdominal ultrasound 
with confi dence if there is a lack of fetal heart activity. 

If fetal death in utero is diagnosed, inform the woman 
or girl and her family and discuss the options for manage-
ment with them. 

Common causes are infection (especially malaria and 
chorioamniominitis), abruption, and placental insuffi ciency. 
In the case of intrapartum IUFD, fetal hypoxeamia, often, 
but not always, associated with a prolonged obstructed 
labour or malposition, may be to blame. In the laboring 
patient uterine rupture must also be considered.

The following investigations should be performed as a 
minimum: blood group and cross match, Hb, malaria RDT 
+/– malaria smear and urine analysis to assess for urinary 
infection and pre- eclampsia. Syphilis is also common in 
some settings and may cause IUFD and premature labour.

If a clotting test shows failure of a clot to form after 7 
minutes, or a soft clot that breaks down easily, suspect 
coagulopathy. Obtain fresh blood for transfusion and give 
broad- spectrum IV antibiotics, including metronidazole.

Expectant management 
Explain to the mother that in 90% of cases the fetus is spon-
taneously expelled within 1 month of diagnosis. However, 
most mothers and their families will request delivery as 
soon as possible.

In addition, expectant management carries with it the 
risk of infection and DIC both of which complicate manage-
ment and risk the mother’s life. If this approach is used, it 
should be possible to monitor the patient for complications 
and there should be access to prompt and comprehensive 
treatment if they occur.

If IUFD is diagnosed in a laboring women, then once 
she has been assessed and treated for potential causes 
as above the labour can be allowed to continue with the 
usual monitoring. It is important to actively assess for life- 
threatening causes such as abruption and rupture.

Active management
If there is no evidence of active labour and no indication for 
urgent delivery by Caesarean section, induction of labour 
with misoprostol is an effective way of inducing labour. As 
is the case for mid- trimester miscarriage, mifepristone, 
where available, can be helpful in shortening the length 
of time it takes for misoprostol to work. This is especially 
the case where there is no evidence of labour, the cervix is 
unfavourable and the patient is primiparous. 

The following drug regime is recommended for 
women with an IUFD of 26 weeks’ gestation or more (see 
below for women with a previous Caesarean section and 
Section 2.5.D.ii for management of miscarriage before 26 
weeks’ gestation):

 O Mifepristone 200 mg orally stat (omit if not available). Wait 
for 36 to 48 hours after giving this drug – shorten if any 
clinical concerns arise during this interval

 O misoprostol 50 micrograms orally or vaginally every 
4 hours to a total of 5 doses

 O if delivery has not occurred by the fifth dose of 

misoprostol, the patient should be reviewed by a doctor. 
Subsequent options for management include continued 
use of misoprostol (usually after a period of ‘rest’ for 12 
to 24 hours), or use of oxytocin. 

For women with an IUFD at term (37 weeks and over) an 
alternative is to use the same induction of labour protocol 
as described previously (Section 2.3 ‘Managing labour and 
delivery), for women with a live fetus, i.e. 25 micrograms of 
misoprostol every 2 hours.

Note: The evidence base for the optimum dose of 
misoprostol to be used in this scenario is poor, and it is 
recognised that higher doses of 100 micrograms or more 
every 4 to 6 hours, have historically been used. Recent 
evidence suggests that lower doses may be as effi cacious, 
and it is with this in mind, as well as concerns about optimis-
ing safety, that the above dose has been recommended. 
Further research is needed into the optimal regimen, espe-
cially in resource poor settings.

Women who have undergone a previous 
caesarean section
In women with a previous Caesarean section, previous 
uterine surgery, or in grandmultiparae, there is a risk of 
dehiscence/rupture in labour that is likely to be increased 
with the use of misoprostol, and therefore its use should 
be avoided. Vaginal delivery is still the preferred mode of 
delivery if the fetus is dead, but care must be taken to 
minimise the risk as much as possible.

If the cervix is favourable (Bishop score 6 or more) and 
ARM possible, then especially in women who have delivered 
previously, ARM alone will often result in delivery over the 
following 24 hours. If labour does not become established 
following ARM, then oxytocin can be titrated, using the 
usual protocol to augment/induce the labour. 

If the cervix is unfavourable, then the oxytocin infusion 
may be started with intact membranes, and continued until 
the cervix becomes favourable for ARM (usually < 8 hours). 
Oxytocin use is associated with a lower risk of dehiscence/
rupture than induction with misoprostol, but still increases 
the risk as compared with spontaneous labour. Close moni-
toring of the infusion, to prevent hyperstimulation, and of the 
patient for signs of any complication, is therefore essential.

Alternatively, the cervix can be ‘ripened’ with a Foley 
balloon catheter as previously described. ARM may then 
be performed, and oxytocin used as above if necessary.

Whichever method is used, all women with risk factors 
for rupture/dehiscence must be identifi ed and monitored 
carefully with this complication in mind. Early recognition 
is the key to preventing maternal morbidity and mortality.

The membranes should be kept intact for as long 
as possible to prevent infection. However, they may be 
ruptured if it is necessary to achieve delivery. Vaginal 
assessments should be performed in a sterile manner and 
as infrequently as possible. If the membranes have been 
ruptured for more than 18 hours, treat the patient with pro-
phylactic antibiotics (ampicillin 2 grams IV stat followed by 
1 gram every 6 hours). If there are signs of infection (fever 
and/or foul- smelling vaginal discharge), give antibiotics as 
described for endometritis (see Section 2.5.G). 

Oxytocin
Although misoprostol is recommended as the fi rst- line induc-
tion agent in the case of IUFD where there are no risk factors 
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for dehiscence/rupture, Oxytocin may be used if misoprostol 
is not available or proves ineffective. It may also be used 
where the risk of rupture is high (as discussed above), and 
a titratable and short- acting agent is therefore preferred. 

In practice oxytocin is more effective following rupture 
of the membranes, although of course it is preferable to 
keep these intact as long as possible to avoid infection. 
As a minimum, rupturing the membranes before the cervix 
becomes favourable (Bishop score > 6), should be avoided.

Try not to use oxytocin within 8 hours of using 
misoprostol. 

Avoid Caesarean section if possible, except for unavoid-
able obstetric reasons such as transverse lie, suspected 
uterine rupture or major abruption.

Fetal death in the presence of an abruption
Adopt the active management approach described above.

Stillbirth
Introduction
Between 2.08 and 3.79 million stillbirths occur each year 
worldwide. Of these, 98% occur in low-  and middle- income 
countries and 55% occur in rural families in sub- Saharan 
Africa or South Asia where facilities for giving birth are much 
poorer than in urban areas (less skilled birth attendants and 
comprehensive emergency obstetric care). Around 45% 
of stillbirths occur during birth (intra- partum). The global 
average rate is 19 in 1000 births, the rate in low- resource 
settings is * 25 in 1000 births, and the rate in well- resourced 
settings is < 5 in 1000 births. 

Most stillbirths are not registered and the body is dis-
posed of without any recognition or rituals such as naming, 
funeral services, or even the mother holding or dressing her 
baby. In some cultural settings there is a belief that sinning 
by the mother or evil spirits are responsible for the stillbirth, 
and the dead baby may be seen as a taboo object. Families 
affected may be subjected to stigma and marginalisation. 
Some healthcare workers believe that few stillbirths are 
preventable, and that these babies were just ‘not meant to 
live’. There is considerable suffering involved for the family, 
and mothers frequently become depressed or anxious after 
a stillbirth, with similar emotions to those experienced after 
the death of a child. 

Defi nitions of stillbirth
An early stillbirth is defi ned by the International Classifi cation 
of Diseases as a birth weight of * 500 grams or, if this meas-
urement is missing, * 22 completed weeks of gestation or, 
if this is missing, a body length of * 25 cm. 

The World Health Organization defi nes stillbirth as a birth 
weight of * 1000 grams or, if this measurement is missing, 
* 28 completed weeks of gestation or, if this is missing, a 
body length of * 35 cm. 

Causes of stillbirth
The major causes, which are the same as the causes of 
maternal and neonatal mortality, are as follows:

 O complications of childbirth
 O maternal infections in pregnancy (e.g. syphilis)
 O medical disorders of pregnancy (especially pre- 

eclampsia or hypertension) 
 O maternal under- nutrition and fetal intrauterine growth 

retardation
 O congenital abnormalities.

Prevention
The most important issues in low- resource situations are 
to increase the number of skilled birth attendants who can 
manage antenatal and intra- partum care, to increase the 
number of healthcare facility- based births, and to prevent 
or treat syphilis and malaria during pregnancy. 

Specifi cally, the following ten interventions have been 
subjected to systematic review and reported to reduce 
stillbirth rates:
 1 taking folic acid before and soon after conception
 2 insecticide- treated bed nets or intermittent drug treat-

ment to prevent malaria
 3 detection and treatment of syphilis
 4 detection and management of hypertensive disorders 

in pregnancy
 5 detection and management of diabetes 
 6 detection and management of fetal growth restriction
 7 routine induction to prevent post- term pregnancy
 8 skilled care at birth
 9 basic emergency obstetric care
 10 comprehensive emergency obstetric care.

The main aim is to strengthen the healthcare systems 
involved in antepartum and intra- partum care, which include 
in addition to the ten items listed above:

 O prevention of malaria (see Section 2.8.D) and syphilis 
(see Section 2.8.H) in endemic areas

 O the availability of emergency obstetric surgery, in particu-
lar Caesarean section, without delay and with attention 
to ‘task shifting’ to improve access, especially in rural 
areas

 O improved antenatal care 
 O advocacy to address poverty and its consequences 

(stillbirth rates are inversely correlated with wealth and 
development) 

 O systems to manage and prevent domestic violence
 O efforts to achieve sexual equality, improve reproductive 

health and improve the secondary education of boys 
and girls.

Ideally, bereaved families should form groups that advocate 
for change at all of the levels identifi ed above.

Further reading
The Lancet Stillbirths series, launched in London, New York, 

Hobart, Geneva, New Delhi, Florence, and Cape Town on 
14 April 2011. www.thelancet.com/series/stillbirth
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2.6.C Fetal distress during labour

BOX 2.6.C.1 Minimum standards
Pinard’s stethoscope
Hand- held battery- operated ultrasonic fetal heart rate 
monitor

Introduction
In all clinical circumstances, the well- being of the pregnant 
woman takes precedence over that of the unborn baby, 
and there are often situations where resuscitation of the 
mother will automatically bring about benefi ts for the fetus.

Careful thought has to be given to the assessment 
and management of the fetal condition in labour. This is 
especially so in resource- limited countries, where severe 
shortages of both equipment and suitably trained personnel 
often mean that women do not receive the life- saving care 
which they require in labour.

In such situations, strict prioritisation of needs is 
required, and fetal well- being has to take second place 
to maternal survival.

When considering taking steps to monitor fetal well- 
being, the following factors must be taken into account:
1 the cost of monitoring equipment, including mainte-

nance, and replacement of disposable items
2 the cost of training staff in the use of such equipment
3 the proportion of caregivers’ time required to be allo-

cated to assessment of fetal well- being
4 the availability of suitable interventions, should fetal 

distress be diagnosed
5 the potential risks to the mother of an intervention for 

the sake of fetal well- being
6 the availability of neonatal care facilities and expertise, 

following on from an intervention to deliver a distressed 
and possibly premature baby.

Methods of monitoring fetal well- being in labour range 
from the low- cost low- technology Pinard’s stetho-
scope to the relatively expensive high- technology 
cardiotocograph.

Pinard’s stethoscope
The Pinard’s stethoscope is cheap, portable and resilient, 
and requires no electricity or battery. It is used to listen to 
the fetal heart through the maternal abdomen for 60 sec-
onds immediately following a contraction. It should be 
recorded every 60 minutes in the latent phase of labour, 
every 15–30 minutes in the active phase of the fi rst stage 
of labour, every 5 minutes in the second stage, and after 
every contraction when the woman is pushing in the sec-
ond stage. 

A healthy fetus will withstand the relative hypoxia 
brought about by the compression of the blood vessels in 
the placenta during a uterine contraction.

A simple ultrasound Doppler monitor (e.g. a Sonicaid) 
can be used instead of a Pinard’s stethoscope, but it does 
require batteries. 

Fetal heart rate monitoring by Pinard’s/
Sonicaid: normal ranges and abnormalities
It should be noted that evidence and guidance is lacking 

on the use of intermittent fetal monitoring in settings with-
out access to continuous electronic fetal monitoring 
(CEFM).

Where CEFM is available any abnormality detected by 
intermittent monitoring results in the mother being trans-
ferred on to CEFM. Where this is not possible, it is even 
more diffi cult to determine whether fetal distress is present. 

In addition, without the ability to perform fetal blood 
sampling (below), it is not possible to confi rm whether 
the fetus is distressed before delivery, or to determine the 
degree of distress likely. It should be noted that approxi-
mately 50% of babies with pathological electronic fetal heart 
rate tracings are not in fact distressed.

The impact of intermittent fetal monitoring on Caesarean 
section rates and neonatal morbidity and mortality, in this 
context, is therefore unknown. Decisions on whether to pur-
sue Caesarean section with its inherent risks for the current 
and future pregnancies, is extremely diffi cult in this context, 
where information on the fetal condition is so incomplete.

The normal fetal heart rate
Baseline: The baseline is the rate that is returned to after 
any episodes of variation such as an acceleration or a 
deceleration. In simple terms it is the most common heart 
rate for that baby. 

When listening with a Pinard’s this may be the rate over 
the fi rst minute of listening. However, if part of the minute 
includes a period of more rapid heartbeat (an acceleration), 
or slower heart beat (deceleration) then it may be higher or 
lower than the baseline.

Therefore, if when listening, the fetal heart can be heard 
to be very slow or very fast for part or all of the period, 
auscultating this may not be the baseline and it will be 
necessary to continue listening over a longer period to gain 
more information.

The normal range for the baseline is between 120 and 
160 bpm. A rate of 110 to 120 bpm is often also a normal 
fi nding, especially in babies at term or post term. A rate 
of 160 to 170 can also be a normal fi nding in a premature 
baby. A rate below 110 and above 170 is always considered 
to be abnormal.

Variability: It is normal for the fetal heart rate to vary with 
every beat. This variation occurs continually above and 
below the baseline and is usually by approximately 5 to 
15 bpm from the lowest to the highest reading (although 
normal variation is up to 25 bpm). Variation is not easily 
detected by the Pinard’s stethoscope as monitoring involves 
counting for 1 minute and it is therefore the average heart 
rate over that time that is obtained. With a Sonicaid, how-
ever, the fetal heart rate is often displayed and it can be 
seen to vary around a certain level (the baseline).

Variability is a positive sign, and generally suggests that 
the fetus is coping well with labour.

Accelerations: These are episodes where the fetal heart 
rate increases by 15 beats or more above the baseline and 
for more than 15 seconds. They can be heard on a Pinard’s 
with practice, although they are easier to hear the higher 
and longer they are. They are easier to see on a Sonicaid, 
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where the number displayed can be seen to increase over 
a period before falling back to its more usual level.

Accelerations are a positive sign as they represent fetal 
movement. If the fetus is distressed it will not move and 
the accelerations will stop. Although it is reassuring when 
they are present, accelerations are often not present dur-
ing labour.

Abnormalities of the fetal heart rate
Tachycardia: This is a fetal heart rate above 160–170 bpm. 

A tachycardia is often caused by a maternal pyrexia or 
tachycardia and in these instances it will often resolve once 
the maternal observations have normalised.

Decelerations: A deceleration is a reduction in the fetal 
heart rate 15 bpm or more below the base line for 15 sec-
onds or more. 

An early deceleration occurs at the onset of the con-
traction and recovers by the end of the contraction. It is 
a common feature during labour (especially the second 
stage) and is not usually associated with fetal distress, 
and therefore it is not routine to listen to the fetal heart rate 
during a contraction. 

A late deceleration starts during or at the end of a con-
traction and persists beyond the end of the contraction. 
This is more commonly associated with fetal distress and 
if it occurs the fetal heart should be monitored following the 
next 2 contractions to see if it recurs. If it does, there is a 
signifi cant chance that the fetus is distressed.

Bradycardia: A bradycardia is a deceleration that continues 
for over 3 minutes. It may occur during pregnancy or labour 
and may be associated with inferior veno- caval compres-
sion if the patient is lying supine, sudden drops in blood 
pressure from any cause or cord compression. 

It may also represent the end stage of a prolonged 
period of fetal distress. If the cause of the bradycardia is 
self- limiting, then the fetal heart should recover, whereas 
if it has occurred due to period of prolonged distress or 
the insult is ongoing, it will not recover and will end in fetal 
death. Even if it resolves, a bradycardia of over 10 minutes 
may cause brain damage to the fetus and have implications 
for the neonate.

Cardiotocograph
The cardiotocograph is a relatively expensive, sophisticated 
but non- invasive item of equipment that requires expertise 
in its use and in its interpretation, as well as regular main-
tenance, and ongoing provision of disposables, such as 
print- out paper. It also requires a power supply (either mains 
electricity or batteries).

It has a high sensitivity for detecting possible evidence 
of fetal distress, but a relatively low specifi city, such that 
an additional method of assessment of fetal well- being, 
usually scalp pH assessment, is required in order to avoid 
excessive intervention. 

If a cardiotocograph is used in the absence of fetal blood 
sampling, there are certain fetal heart rate patterns which 
are very likely to be associated with serious fetal distress 
and that warrant urgent actions to protect the fetus, usually 
immediate delivery.

Fetal scalp pH assessment
This is achieved by fetal scalp blood sampling, which is 

carried out with the woman in the lithotomy position with 
a wedge to prevent aorto- caval compression or in the left 
lateral position.

A speculum is inserted in the vagina, the fetal scalp is 
visualised with the aid of a light source, and a blood sample 
is obtained using a lancet and a capillary tube.

A blood gas analyser (an extremely expensive item of 
equipment) is required for assessment of the sample.

Fetal blood gas analysis
This is used to detect fetal acidosis, which is a consequence 
of hypoxia.

A capillary sample is assessed for pH and base excess. 
Generally, a pH of * 7.25 is considered to be normal, but it 
has to be borne in mind that acidosis may develop rapidly, 
and the sample therefore needs to be repeated if the CTG 
abnormality persists. A full guide to the interpretation and 
use of fetal blood gas analysis is not included here as it is 
not a technique available in the majority of resource poor 
settings.

Fetal blood sampling is contraindicated if the mother 
is infected with HIV or in high prevalence areas in the 
untested patient.

Clinical assessment of fetal well- being
A large amount of information may be gained by clinical 
assessment as follows.

History
 O Gestational age is important, as an immature fetus 

withstands the stresses of labour less well than if it had 
reached term. Similarly, those with intrauterine growth 
retardation are at risk.

 O A reduction in fetal movements should always give 
rise to concern, as it may refl ect fetal distress (see 
Section 2.6.B).

 O Pre- eclampsia, antepartum haemorrhage (APH), 
preterm pre- labour rupture of membranes (PPROM) 
or other obstetric or medical problems, prolonged 
pregnancy, multiple pregnancy, diabetes and previ-
ous Caesarean section all increase the risk of fetal 
distress.

 O The use of oxytocin, a maternal fever, meconium-  or 
bloodstained liquor, and prolonged fi rst and second 
stage of labour also increase the risk.

 O The duration of labour at the time of admission is cru-
cial, as obstructed labour is a potent cause of severe 
maternal and fetal morbidity and mortality.

Examination of the maternal abdomen
 O Fetal size: small or large for dates. 
 O Amniotic fl uid volume: oligohydramnios (too little) or 

polyhydramnios (too much). 
 — Oligohydramnios is often associated with poor fetal 
growth. Growth- restricted fetuses are more likely to 
become distressed in labour than are well- grown 
fetuses.

 — Polyhydramnios may be associated with fetal abnor-
malities or fetal infection in utero.

 O Abdominal tenderness with or without hardness 
feeling like wood: consider placental abruption.

 O Colour of amniotic fl uid after rupture of membranes:
 — bloodstained: consider placental abruption



232

International Maternal & Child Health Care

 — meconium- stained: consider the possibility of a 
hypoxic episode causing fetal distress. 
(a) Passage of meconium is often a physiological 

(normal) phenomenon in a mature fetus. 
(b) In the presence of plentiful amniotic fl uid, the 

meconium will be dilute. Where there is little fl uid, 
it will be thick.

(c) Meconium may signal fetal distress. It may also 
trigger neonatal respiratory problems through 
meconium aspiration, which occurs when a dis-
tressed fetus gasps in utero or during delivery.

(d) During the fi nal stages of a breech delivery, meco-
nium may be passed because of the compression 
of the fetal abdomen. In this case, passage 
of meconium is not necessarily a sign of fetal 
distress.

 O Frank blood loss vaginally: consider placental abrup-
tion, uterine rupture, placenta praevia and vasa praevia.

 O Haematuria in labour: this may signal uterine rupture, 
usually in association with severe abdominal pain and 
tenderness, commonly in a woman with a previous 
Caesarean section scar or in a woman of high parity, 
particularly where labour is induced or augmented.

Management of fetal distress
 O If fetal distress is suspected, attention should fi rst be 

paid to detecting and treating maternal factors, includ-
ing hypovolaemia, sepsis, obstructed labour and uterine 
rupture.

 O The woman should be turned (tilted) on her left side or 
placed in the recovery position, to prevent aorto- caval 
compression.

 O Facial oxygen should be administered at a high fl ow rate.
 O Oxytocin should be discontinued if ongoing, and if still 

detected in situ, misoprostol tablets may be removed 
from the vagina. 

 O Antibiotic therapy will be indicated if infection (including 
chorio- amnionitis) is suspected.

 O Vaginal examination should be performed to assess the 
feasibility of vaginal delivery, either spontaneously or by 
using forceps or ventouse.

 O If suspected fetal distress continues despite the above 
measures and vaginal delivery is not rapidly achievable 
then a decision about whether to proceed to Caesarean 
section needs to be made. This is a diffi cult decision, 
which ideally takes into consideration a number of fac-
tors including: the obstetric history and wishes of the 
patient, the availability of neonatal care, the degree of 
fetal compromise suspected and the speed with which 
Caesarean section can be performed, the availability 
of hospital care and Caesarean section in subsequent 
deliveries, and the presence/absence of other relative 
indications for Caesarean section.

 O If a decision is made to deliver by Caesarean section 
and a delay is anticipated (> 30 minutes), then a tocolytic 
such as terbutaline 250 microgram s/c may be benefi -
cial if the contractions are felt to be contributing to the 
fetal distress.

2.6.D Multiple births

Introduction
Twins occur in around 1 in 80 pregnancies. Non- identical 
twin rates vary depending on age, parity and racial back-
ground; in Africa, rates are higher than the world average. 
The incidence of monozygous (identical) twins is relatively 
constant worldwide, at 3.5 in 1000 births.

Multiple pregnancies are associated with higher risks for 
both the mother and the fetus. Ultrasound scanning should 
be undertaken if the uterine size is larger than expected, or 
if abdominal examination of fetal parts leads to suspicion 
of multiple fetuses.

If ultrasound scanning facilities are not available, 
abdominal examination after delivery of any fi rst baby should 
be performed to exclude a second twin before oxytocin or 
Syntometrine is given to aid delivery of the placenta. 

Maternal risks associated with multiple 
pregnancy
These include the following:

 O miscarriage
 O anaemia
 O preterm labour
 O hypertension
 O polyhydramnios
 O operative delivery
 O postpartum haemorrhage.

Fetal risks associated with multiple 
pregnancy
These include the following:

 O stillbirth or neonatal death
 O preterm delivery
 O intrauterine growth restriction
 O congenital abnormalities
 O cord accident
 O specifi c complications of twin pregnancies (e.g. twin- to- 

twin transfusion syndrome)
 O diffi culties with delivery.

FIGURE 2.6.D.1 Twin pregnancy.
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If a twin pregnancy is diagnosed, additional care should be 
provided. Iron and folate treatment must be ensured, due to 
the increased risk of anaemia. Preterm labour and delivery 
present the greatest risk of fetal illness and death. If the 
mother develops premature labour, a course of antenatal 
steroid injections should be given, betamethasone 12 mg 
IM, two doses 24 hours apart, or dexamethasone 6 mg IM 
four doses 12 hours apart. 

Presentation of twins
 O In 40% of cases both twins are cephalic.
 O In 21% the second twin is a breech.
 O In 14% the fi rst twin is a breech.
 O In 10% of cases both twins are breeches.
 O In all remaining cases, one twin or the other, or occasion-

ally both, are transverse.

In Figure 2.6.D.2, the fi rst twin is the lower one.

FIGURE 2.6.D.2 The range of different twin positions in utero at 
birth.

Antenatal monitoring in multiple pregnancy
 O A 2- weekly check- up (urine for protein if blood pressure 

is elevated, ultrasound if possible) is recommended 
from 28 to 36 weeks; warn the woman about the risk 
of preterm delivery. 

 O Iron and folate treatment must be ensured as increased 
risk of anaemia is present.

 O A weekly check- up is recommended from 37 weeks.
 O Be alert for signs of pre- eclampsia and premature labour.

Twin delivery 
Vaginal delivery is usually safe, but must be undertaken 
in a healthcare facility where comprehensive emergency 
obstetric care is available. If labour has not started by 
39–40 weeks’ gestation based on an accurate LMP or fi rst 
trimester ultrasound, consider induction.

Summary of management during 
labour
Delivery of fi rst twin
 1 Insert an IV cannula. Maternal blood should be obtained 

for a full blood count and blood grouping. A blood 
sample should be kept for cross- matching.

 2 Ensure that the lie of the fi rst baby is longitudinal. 
 3 Augment contractions only when indicated.
 4 Prepare two delivery packs with extra clamps. 

Remember that there are almost always two membranes 
to rupture with twins, so have an amniohook ready.

 5 Make sure that the cervix is fully dilated.
 6 Empty the mother’s bladder.
 7 Deliver the fi rst baby as normal.
 8 Always clamp the maternal end of the cord of the 

fi rst twin to prevent the second twin bleeding from 
it.

 9 As the fi rst baby is delivered, stabilise the lie of the sec-
ond twin to a longitudinal position by asking an assistant 
to place their palms fi rmly on either side of the uterus 
in a longitudinal direction. The baby’s position should 
be stabilised in this way until the head or buttocks are 
fi xed in the maternal pelvis. If the second twin is not 
longitudinal on assessment, undertake version (see 
below).

 10 Tie a marker (e.g. gauze) to the clamp on the cord of 
the fi rst baby to identify it.

Delivery of second twin
 1 The second baby should preferably be born within 

30 minutes.
 2 Check the fetal heart rate of the second baby.
 3 Stabilise the lie of the second twin, by external version 

if necessary (see above).
 4 Provided the lie is longitudinal and contractions do not 

restart 5–10 minutes after delivery of the fi rst baby, start 
an oxytocin infusion, increasing carefully to achieve 
adequate contractions. Note that contractions may not 
be felt by the mother, so it is important to keep your 
hand on the uterus to identify them.

 5 When the presenting part is well into the pelvis, rupture 
of the membranes can be performed during a uterine 
contraction. 

 6 Delivery of the second baby should not be rushed, but 
assisted delivery should be considered if the second 
baby has not been delivered by 30 minutes after delivery 
of the fi rst. 

 7 If the lie of the second twin is transverse, attempt 
external version.

 8 If external version is successful, or the second twin is 
longitudinal, wait for the presenting part to enter the 
pelvis, then perform artifi cial rupture of membranes 
(ARM) and allow normal cephalic or breech delivery if 
there is no fetal distress.

 9 If external cephalic version is unsuccessful, either carry 
out internal version with breech extraction or perform 
a Caesarean section.

Internal podalic version: It is essential that as the 
baby descends, rotation of the fetus is encouraged to 
obtain a back- up (back anterior) position (as in breech 
delivery). Grasp a fetal foot. Make sure that it is a 
foot, not a hand. Pull gently down into the birth canal 
so that the fetal back is encouraged to turn anteriorly. 
An attempt is made to pull the fetal foot as gently as 
possible in an attempt to pull it as low as the vulva 
before the membranes rupture. It may be that maternal 
effort will be suffi cient once the baby’s leg has been 
brought down into the vagina and the remainder of the 
delivery can then be managed as for an assisted breech 
delivery. Continued traction (avoiding soft tissues as for 
all breech deliveries) is permissible in this scenario, to 
facilitate descent of the buttocks, arm and head (breech 
extraction, see Figure 2.6.D.3).

 10 If there is fetal distress or delay, perform an assisted 
vaginal delivery if cephalic. Note that cephalo- pelvic 
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disproportion is very uncommon in the case of the 
second twin.

FIGURE 2.6.D.3 Internal version for transverse lie in a second twin.

Postpartum management of a twin birth
1 After the birth of the second baby, give 10 IU oxytocin IM 

after ensuring that there is no third baby in the uterus. 
Then give oxytocin 40 units IV in 500 mL of Ringer- lactate 
or Hartmann’s solution over 4 hours, to reduce the risks 
of postpartum haemorrhage due to atonic uterus. 

2 Deliver the placenta by controlled cord traction after 
giving oxytocin IM.

3 After the placenta and membranes have been deliv-
ered, examine and record on the chart the number of 
placentas, amnions, chorions and cord vessels. Check 
the placenta and membranes for completeness.

4 Check and repair any vaginal and perineal damage. 
5 Monitor the mother carefully for postpartum bleeding 

over the next few hours. 
6 Provide extra support to assist with the care of the 

babies.
7 At least a 24- hour stay in hospital is required.
8 Observe vaginal bleeding closely, because of the risk of 

postpartum haemorrhage.

Hooking or locking of heads
This is a rare complication during vaginal delivery.

Women may present with locked twins with the fi rst 
trunk partially delivered. The head of the second twin will 
have entered the maternal pelvis, and needs to be pushed 
upwards to allow descent of the head of the fi rst twin. If the 
fi rst baby is already dead, it can be delivered by decapita-
tion. After delivery of the body, the head is dis- impacted 
and the second twin is delivered. Finally, the fi rst head is 
delivered with a vulsellum. 

If the fi rst baby is still alive (e.g. if the delivery is taking 
place in hospital), or if despite decapitation of the fi rst baby 
the second one cannot be delivered, proceed immediately 
to Caesarean section if this is safe for the mother. 

FIGURE 2.6.D.4 Transverse lie in a second twin, ensuring the 
correct foot is pulled so that the fetal back becomes anterior in the 
birth canal.

FIGURE 2.6.D.5 Locked twins.
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First stage: 
· Ensure that first twin lies longitudinally, with IV access and fetal 

heart rate monitoring of both twins
· Oxytocin augmentation for poor contractions in nulliparous 

women
Second stage:
· Set up two delivery packs with extra clamps and an amnihook
· Have oxytocin infusion ready for the second twin, and IV fluids 

and drugs in case of postpartum haemorrhage

Deliver the first baby as normal.  
Check the lie of twin 2 – is it longitudinal?

Is the fetal heart 
rate normal? Attempt ECV

· Anticipate spontaneous delivery
· Start oxytocin if no contractions are felt 

by operator after 10 minutes
· Wait for the presenting part to descend 

well into the pelvis before rupturing the 
membranes

· Delivery of the second baby should not 
be rushed, but consider assisted 
delivery if the second twin has not 
delivered approximately 30 minutes 
after the first baby

Cephalic – forceps/
ventouse if head is 
engaged

Breech – breech 
extraction

Internal podalic version (grasp the 
fetal foot and gently pull into the birth 
canal, leaving membranes intact as 
long as possible), then do an assisted 
breech delivery or a breech 
extraction.  EEnsure that the fetal back 
is kept anterior

Caesarean section 
with antibiotic 

cover

Third stage
Oxytocin 10 units IM then CCT for delivery of placenta 

Check placenta and membranes for chorionicity

Yes, 
longitudinal

No, 
transverse

Successful

Unsuccessful

Unsuccessful

Unsuccessful

Yes No

FIGURE 2.6.D.6 Pathway of care for delivery of twins. ECV, external cephalic version; CCT, controlled cord traction.

2.6.E Malpresentations and malpositions including breech delivery

Introduction
Malpresentations and malpositions can be due to maternal 
pathology (e.g. contracted pelvis, uterine fi broids) or fetal 
pathology (e.g. hydrocephalus), which ideally should be 
diagnosed antenatally. Most often there is no apparent 
cause.

Malpresentations are all presentations of the fetus 
other than a vertex presentation (e.g. face presentation, 
breech presentation). 

Malpositions are abnormal positions of the vertex of the 
fetal head (with the occiput as the reference point) relative 
to the maternal pelvis. 

A fetus in an abnormal position or presentation may 
result in prolonged or obstructed labour.

Management
Review the progress of labour using a partograph (see 
Section 2.2). 

Note: Observe the mother closely. Malpresentations 
increase the risk of uterine rupture because of the potential 
for obstructed labour. 

Assessment of the fetal position
Determining the presenting part
The most common presentation is the vertex of the fetal 
head. 

If the vertex is the presenting part, use landmarks of 
the fetal skull to determine the position of the fetal head (see 
Figure 2.6.E.1). However, although the anterior fontanelle is 
larger than the posterior one and has four sutures leading 
from it, one of these is small and may be diffi cult to feel.

Determining the position of the fetal head

FIGURE 2.6.E.1 The fetal skull.
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The fetal head normally engages in the maternal pelvis in 
an occiput transverse position.

With descent, the fetal head rotates so that the fetal 
occiput is anterior in the maternal pelvis (see Table 2.6.E.1). 
Failure of an occiput to rotate to an occiput anterior position 
results in a persistent transverse presentation. Rotation may 
also occur to an occiput posterior position.

An additional feature of a normal presentation is a well- 
fl exed vertex (see Figure 2.6.E.2), with the fetal occiput 
lower in the vagina than the sinciput. 

TABLE 2.6.E.1 Diagnostic features of malpositions and malpresentations 

Position Observations Picture from introitus

Malpositions

Occiput anterior On vaginal examination provided that the head is 
fl exed only the posterior fontanelle with three sutures 
entering it is felt

Occiput anterior

Left occiput anterior

Right occiput anterior
Occiput posterior On vaginal examination, the posterior fontanelle is 

towards the sacrum and the anterior fontanelle may be 
easily felt if the head is defl exed

On abdominal examination the lower part of the 
abdomen is fl attened, and the fetal limbs are palpable 
anteriorly Occiput posterior

Left occiput posterior
Malpresentations

Brow presentation is caused 
by partial extension of the fetal 
head so that the occiput is 
higher than the sinciput 

On abdominal examination, more than half of the 
fetal head is above the symphysis pubis, and the occiput 
is palpable at a higher level than the sinciput

On vaginal examination, the anterior fontanelle and 
the orbits are felt

FIGURE 2.6.E.2 Well-fl exed vertex presentation.
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Position Observations Picture from introitus

Face presentation is caused 
by hyper- extension of the fetal 
head so that neither the occiput 
nor the sinciput are palpable on 
vaginal examination

On abdominal examination, a large amount of head 
is palpable on the same side as the back, without a 
cephalic prominence on the same side as the limbs

On vaginal examination, the face is palpated, the 
examiner’s fi nger enters the mouth easily and the bony 
jaws are felt

Compound presentation 
occurs when an arm prolapses 
alongside the presenting part 

Both the prolapsed arm and the fetal head present in 
the pelvis simultaneously

Transverse lie and shoulder 
presentation

The fetus lies in the transverse position with usually the 
shoulder presenting

On abdominal examination, neither the head nor the 
buttocks can be felt at the symphysis, and the head is 
usually in the fl ank

On vaginal examination, a shoulder may sometimes 
be felt. An arm may prolapse and the elbow, arm or 
hand may be felt in the vagina

Breech presentation occurs 
when the buttocks and/or the 
feet are the presenting parts 

On abdominal examination, the head is felt in the 
upper abdomen and the breech in the pelvic brim. 
Auscultation locates the fetal heart higher than expected 
with a vertex presentation

On vaginal examination during labour, the buttocks 
and/or feet are felt; thick, dark meconium is normal

extended legs

footing

fl exed legs

a single footing 
presentation

Malpositions of the fetal head 
As the baby’s head extends (defl exes), the diameter that 
has to pass through the mother’s birth canal gets larger, 
until the baby becomes a brow presentation (14 cm). Then 
it gets smaller as the baby becomes a face presentation 
(see Figure 2.6.E.3).

Labour gets more diffi cult as the head extends, with 
brow and mento- posterior face presentations being 

impossible to deliver vaginally unless the baby is particu-
larly small in relation to the mother’s pelvis. 

A face presentation is easier to deliver than a brow 
presentation. This is because the head has now become 
fully defl exed.

The vertex presentations in Figure 2.6.E.3 show the 
diameters of the skull. When the head is well fl exed (a), the 
shortest diameter of the skull is entering the mother’s pelvis. 
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In a brow presentation (e), which is the most diffi cult type, 
the longest diameter is trying to enter it.

Management of malpositions
Occiput- posterior positions 
Around 15–20% of term cephalic fetuses are in an occiput- 
posterior (OP) position before labour, and approximately 5% 
are OP at delivery. Most fetuses (around 90%) rotate to the 
occiput- anterior (OA) position, some maintain a persistent 
OP position, and others rotate from an OA to an OP position 
during labour and delivery. 

Arrested labour may occur when the head does not 
rotate and/or descend. Delivery may be complicated by 
perineal tears or extension of an episiotomy because an 
instrumental delivery is performed or because a persistent 
OP presentation requires passage of a greater diameter. 
The newborn infant is more likely to need resuscitation. 

Diagnosis of an OP position in the second stage is 
generally made by digital examination, but if there is uncer-
tainty, ultrasound examination is both useful and accurate 
in the right hands.

Management
There is no effective method of facilitating rotation from OP 
to OA before labour begins. 

First stage of labour
Manual rotation (see below) must not be attempted in the 
fi rst stage of labour, as it can lead to a prolapsed cord or 
complex presentations (e.g. hand). It is also technically more 
diffi cult and may introduce infection. 
1 If there are signs of obstruction or the fetal heart rate 

or pattern is abnormal (< 110 beats/minute or > 160 
beats/minute, or abnormal dips) at any stage, deliver 
by Caesarean section if this can be safely undertaken. 

2 If the membranes are intact, rupture them.
3 If there are no signs of obstruction, augment labour with 

oxytocin. 

Second stage of labour
If the cervix is fully dilated: 

 O If the fetal head is more than 3/5 palpable above the 
symphysis pubis, or the leading bony edge of the head 
is above –2 station and there is fetal distress and/failure 
to descend, perform a Caesarean section. 

 O If the fetal head is less than 3/5 above the symphysis 
pubis, or the leading bony edge of the head is between 
0 station and –2 station, try manual rotation (see below) 
if there is no clear progress in the second stage with an 
OP position after 30 minutes of pushing.

However, expectant management of the OP position is 
appropriate in the presence of a reassuring fetal heart rate, 
adequate space on clinical examination of the pelvis, and 
continued progress in the second stage. More than 50% 
of multiparous women and more than 25% of nulliparous 
women with persistently OP fetuses achieve spontaneous 
vaginal delivery.

Therefore it is not appropriate to routinely perform 
prophylactic rotation at the beginning of the second stage 
of labour.

Delivery from an OP position rather than rotation (see 
below) is more appropriate in women who, on clinical 
examination, are found to have ample room between the 
fetal occiput and the maternal sacrum/coccyx, and when 
the pelvis is too narrow to permit anterior rotation (women 
with an anthropoid pelvis with a narrow transverse diameter, 
and women with an android pelvis with a narrow arch).

FIGURE 2.6.E.4 Finger rotation of occiput posterior to occiput 
anterior position. Reproduced with permission from Argani CH, 
Satin A. Management of the fetus in occiput posterior position. 
In: UpToDate, Post TW (ed.), UpToDate, Waltham, MA (accessed 
5/8/14). © 2014 UpToDate, Inc. For more information visit www.
uptodate.com.

FIGURE 2.6.E.3 (a), (c), (e) and (g) are all vertex presentations. The 
only normal one is the well-fl exed head (a). As (a) turns through to 
become (g), the baby’s head becomes more and more extended 
(defl exed).
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Manual rotation 
Successful rotation after the onset of the second stage 
of labour is more likely to be successful if it is performed 
before arrest occurs. Manual rotation can convert 90% of 
OP or transverse arrest situations to OA.

Manual rotation is more successful in multiparous 
women and young women. 

Rotation is important if there is a need for a fast deliv-
ery and/or if there is minimal or slow descent after a trial 
of pushing.

First empty the bladder.
There are two methods for rotating the fetus.

1 A hand is inserted into the vagina with the palm upward. 
Digital rotation is performed by placing the tips of the 
index and middle fi ngers in the anterior segment of the 
lambdoid suture near the posterior fontanelle (see Figure 
2.6.E.4).

The fi ngers are used to fl ex and slightly dislodge the 
vertex, rotating the fetal head to the OA position by 
rotation of the operator’s hand and forearm. The thumb 
may also be used with gentle downward pressure more 
anteriorly on the parietal bone to aid this rotation. The 
fetal head should be held in place for a few contractions 
to prevent rotation back towards the posterior position. 

2 The operator’s four fi ngers are placed behind the poste-
rior parietal bone with the palm up and the thumb over 
the anterior parietal bone. The right hand is used for the 
left OP position, and the left hand is used for the right 

OP position. The head is grasped with the tips of the 
fi ngers and thumb. During a contraction, the patient is 
encouraged to push and the operator attempts to fl ex 
and rotate the fetal head anteriorly. Occasional mild 
upward pressure may help to slightly displace the head 
and facilitate rotation (see Figure 2.6.E.5).

If rapid delivery is indicated, failed manual rotation may be 
followed by vacuum delivery from the OP position. Manual 
rotation performed prior to instrumental birth is associated 
with little or no increase in risk to the pregnant woman or 
to the fetus.

Ventouse or forceps delivery should never be attempted 
above 0 station or if the head is more than 1/5 above the 
symphysis pubis.

Delivery of a brow presentation (see 
Table 2.6.E.1)
In brow presentation, engagement is usually impossible, 
and arrested labour is common. Spontaneous conversion 
to either vertex presentation or face presentation can rarely 
occur, particularly when the fetus is small or when there is 
fetal death with maceration. It is unusual for spontaneous 
conversion to occur with an average- sized live fetus once 
the membranes have ruptured. 

If the fetus is alive, deliver by Caesarean section if this 
can safely be undertaken. 

If the fetus is dead and: 
 O the cervix is not fully dilated, deliver by Caesarean 

section 
 O the cervix is fully dilated, deliver after craniotomy.

If the operator is not profi cient in craniotomy, deliver by 
Caesarean section. 

Only if the fetus is small or very low in the vagina, a 
brow presentation might be delivered by vacuum extraction, 
forceps delivery or symphysiotomy.

Delivery of a face presentation (see 
Table 2.6.E.1)
Background
This presentation occurs in 1 in 500–1000 pregnan-
cies. It is due to extension of the fetal neck, caused by 
either a fetal abnormality or progression from a defl exed 
occipito- posterior position in labour. Diagnosis is impor-
tant, as a face presentation may be mistaken for breech 
presentation. 

Diagnosis
Face presentation may be detected on ultrasound scan 
before labour, but the majority of cases are unpredictable 
because they arise in labour.

On abdominal examination, a large amount of head is 
palpable on the same side as the back, without a cephalic 
prominence on the same side as the limbs.

On vaginal examination, in early labour the presenting 
part is high. Landmarks are the mouth, jaws, nose, and 
malar and orbital ridges. The presence of bony gums 
(alveolar margins) distinguishes the mouth from the anus. 
The mouth and the zygoma ridges of the maxillae (upper 
jawbone) form the corners of a triangle, whereas the anus 
is on a straight line between the ischial tuberosities.

FIGURE 2.6.E.5 Manual rotation of occiput posterior to occiput 
anterior position. Manual rotation of occiput posterior to 
occiput anterior position. Reproduced with permission from 
Argani CH, Satin A. Management of the fetus in occiput posterior 
position. In: UpToDate, Post TW (ed.), UpToDate, Waltham, MA 
(accessed 5/8/14). © 2014 UpToDate, Inc. For more information 
visit www.uptodate.com.
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Avoid damaging the eyes with trauma or use of 
antiseptics.

Ventouse must not be used.
In early labour, particularly with the occipito- posterior 

position and a multiparous patient, defl exion is common. 
In such cases, uterine contractions often cause increased 
fl exion, and delivery will proceed as normal. However, if 
extension occurs, a brow presentation and fi nally the fully 
extended face will result. Most face presentations therefore 
only become obvious late in labour. 

Descent is usually followed by internal rotation with 
the chin passing anteriorly. If the chin is towards the pubis 
(mento- anterior), the baby can often be delivered normally, 
although an episiotomy is usually necessary. If the chin lies 
towards the back, delivery will not occur and a Caesarean 
section will be required. 

The widest biparietal diameter is 7 cm behind the 
advancing face, so even when the face is distending the 
vulva, the biparietal diameter has only just entered the 
pelvis. Descent is less advanced than vaginal examination 
suggests, even allowing for gross oedema. The head is 
always higher than you think. 

Abdominal examination is vital. 
The head is born by flexion, causing considerable 

perineal distension in the process and risking considerable 
perineal trauma, so consider an episiotomy. Anterior 
rotation having occurred, the neck comes to lie behind 
the symphysis pubis and the head is born by fl exion. The 
shoulders and body are born in the usual way.

With satisfactory uterine action and the mento- anterior 
(MA) position, spontaneous delivery or easy ‘lift- out’ 
(forceps- only) assisted delivery will ensue in 60–90% of 
cases (see Figure 2.6.E.6).

FIGURE 2.6.E.6 Mento-anterior position.

If spontaneous delivery of an MA face does not occur, a 
‘lift- out’ forceps delivery can be performed (see Section 2.13 
on forceps delivery).

In mento- posterior (MP) positions (see Figure 2.6.E.7), 
the neck is too short to span the 12 cm of the anterior 
aspect of the sacrum. In addition, the neck would have to 
be extended to pass under the symphysis, but it is already 
maximally extended. Delivery is impossible unless a very 
small fetus or one that is macerated allows the shoulders 
to enter the pelvis at the same time as the head.

Even with MP positions, anterior rotation will occur in 
the second stage in 45–65% of cases, so a persistent MP 

position or mento- transverse arrest is encountered in only 
10% of face presentations.

Persistent MP positions are usually delivered by 
Caesarean section (if this is possible and safe), in order to 
reduce fetal and maternal morbidity. 

After birth, the oedema and bruising of the child’s face 
may persist for some days, and may make feeding diffi cult. 

Vaginal manipulation of persistent MP position has been 
successfully achieved with ultrasound guidance.

Management
 O Make a diagnosis.
 O Check for cord presentation or prolapse.
 O Continuously monitor the fetal heart rate.
 O Examine regularly to check that progress is adequate.
 O Give oxytocin if progress is not satisfactory. (Caesarean 

section may be preferred to augmentation if facilities 
are available.)

 O Do not use scalp electrodes or perform fetal blood 
sampling.

 O If the position is MA, vaginal delivery should be possible.
 O Perform an episiotomy.
 O If the fetus is persistently presenting in an MP position, 

deliver by Caesarean section (if appropriate resources 
are available and it is safe to do so).

Delivery of compound presentations 
(see Table 2.6.E.1)
Here more than one part of the fetus is facing the cervix 
(e.g. an arm prolapsing alongside the presenting part). It is 
more common in prematurity.

Compound presentations, especially minor degrees 
involving just a hand can be managed expectantly in the 
early stages of labour, especially in the multiparous patient, 
and can sometimes be digitally encouraged back into the 
uterus. If they progress or persist and cause delay in the 
fi rst or second stages of labour, then Caesarean section 
should be undertaken.

FIGURE 2.6.E.7 Mento-posterior position. Reproduced with 
permission from Macdonald S, Magill-Cuerden J (ed.) Mayes’ 
Midwifery: a textbook for midwives. Elsevier Health Sciences; 
2010. © Elsevier
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Transverse and oblique lies (see Table 
2.6.E.1)
Background
These are associated with prematurity, uterine fi broids and 
placenta praevia, and consequently are associated with 
high maternal and fetal morbidity. Always try to identify the 
underlying pathology, if any. 

If the membranes are intact in early labour, it is worth 
attempting external cephalic version (see below under 
breech).

The presentation of shoulder, limb or cord in the pres-
ence of ruptured membranes means that Caesarean 
section is the only option for delivering a viable infant. If 
the fetus is dead, unless it is very small and macerated, it 
is safer to perform a destructive procedure if an operator 
experienced in the procedure is available, and it is accept-
able to the patient.

Practical points to remember
 O Using ultrasound, try to identify the cause of the abnor-

mal lie, if any.
 O Positively exclude placenta praevia with ultrasound 

before performing digital vaginal examinations. If 
there has been no vaginal bleeding, placenta praevia 
is still possible.

 O Caesarean section can be extremely diffi cult:
 — The lower segment will be poorly formed.
 — Fibroids, when present, can distort the anatomy and 
inhibit access.

 — Placenta praevia is associated with severe 
haemorrhage.

 O A vertical uterine incision may sometimes be most 
appropriate for the above reasons.

 O Keep the membranes intact while making and extending 
the uterine incision, as this aids manipulation of the fetus 
into a longitudinal plane for delivery.

 O Delivery is usually best achieved by fi nding, grasping 
and bringing down a foot (recognisable by the heel) 
into the incision. If the foot is diffi cult to fi nd, the back 
and buttocks should be identifi ed and the legs followed 
until a foot is found.

 O If delivery is still impossible, the uterine incision can be 
extended upwards in the midline, making an ‘inverted T’. 
If an extended uterine incision has been used, it is 
essential to undertake an elective Caesarean section 
in subsequent pregnancies, because of the risk of 
uterine rupture during labour.

Breech delivery (see Table 2.6.E.1)
Background
At 28 weeks, 20% of babies are breech, but most fetuses 
will turn spontaneously so that only 3–4% will remain breech 
at term. There is a higher rate with prematurity. Vaginal deliv-
ery (although safer for the mother than Caesarean section) 
carries a higher risk of perinatal and neonatal mortality and 
morbidity due to birth asphyxia and trauma. 

Hazards of vaginal breech delivery
Compared with the cephalic presentation at term, there is a 
greater risk of perinatal and neonatal mortality and morbid-
ity, due principally to fetal congenital anomalies and birth 
trauma and asphyxia. In terms of maternal outcomes, vagi-
nal birth is generally better for the mother than Caesarean 

section, as the operative complications associated with 
major abdominal surgery and the resulting uterine scar 
are avoided. All of these factors are especially relevant in 
resource- limited countries.

Minimising problems
Options 

 O If there are no associated complications of pregnancy 
(e.g. previous Caesarean section, pre- eclampsia), 
explain the three options to the woman and her family: 

 — external cephalic version (ECV) 
 — trial of vaginal breech 
 — elective Caesarean section (only if this is safe). 

 O On the basis of current evidence, all women with uncom-
plicated breech presentation at term should be offered 
ECV. 

 O If it is decided that an elective Caesarean section is the 
best option, wait until at least 39 weeks (babies may still 
turn spontaneously until then).

 O A trial of vaginal breech delivery is appropriate if both 
mother and baby are of normal proportions. 

 — The presentation should be either frank (hips fl exed, 
knees extended) or complete (hips fl exed, knees 
fl exed, but feet not below the fetal buttocks). 

 — There should be no evidence of feto–pelvic dis-
proportion – that is, adequate pelvis (using clinical 
judgement) and estimated fetal weight < 4000 grams 
(clinical measurement). 

 — In some smaller women it may be appropriate to 
exclude a vaginal breech option where the estimated 
fetal weight is < 4000 grams, provided that Caesarean 
section is safe. 

 — There should be no evidence (on ultrasound) of hyper- 
extension of the fetal head.

Fetal complications of breech presentation
These include the following:

 O cord prolapse
 O birth trauma as a result of extended arm or head, 

incomplete dilatation of the cervix, or cephalo–pelvic 
disproportion

 O asphyxia due to cord prolapse, cord compression, 
placental detachment or arrested head

 O damage to abdominal organs
 O broken neck.

External cephalic version (ECV)
Background
Current recommendations in well- resourced countries are 
that ECV should be performed with the mother wide awake, 
but ‘starved’, having made her informed choice and having 
given consent for Caesarean section if necessary, close to 
theatre, after fetal monitoring has been carried out, and 
using ultrasound guidance, and tocolysis where necessary. 
These safety guidelines minimise the risks of maternal injury 
and fetal distress, allowing early detection and treatment 
if necessary. However, in resource- limited settings, the 
avoidance of breech delivery by ECV is highly benefi cial, and 
the method described below is a reasonable compromise. 

ECV may be performed between 37 and 42 weeks’ 
gestation if there is a single uncomplicated breech preg-
nancy. There should be no previous uterine scars, previous 
antepartum bleeding, fi broids or a placenta praevia. On 
admission, the fetal heart should be listened to regularly. If 
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available, ultrasound should be performed to demonstrate 
the fetal presentation, an adequate amount of liquor, a 
fl exed fetal head and the position of the fetal legs. The 
mother should be awake and have given consent to the 
procedure.

The membranes must be intact, with adequate amniotic 
fl uid and no complications of pregnancy.

Procedure 
If possible, use ultrasound to demonstrate the fetal position, 
an adequate amount of liquor, a fl exed fetal head, a free 
loop of cord, and the position of the fetal legs (extended 
or fl exed).

 O The mother lies on her side (usually her right), which will 
allow a forward somersault (from ‘left sacro- anterior’ 
position, which is the commonest breech position). 

 O The bed is tilted head down to allow gravity to assist in 
disengaging the breech.

 O If the uterus is relaxed, an attempt is made to turn the 
baby, by disengaging the breech with one hand and 
fl exing the head further with the other. 

 — This should not hurt the mother, but it will be uncom-
fortable; the movement on her abdomen is made 
easier by using lubricant (e.g. sweet almond oil, talc, 
ultrasound gel). 

 — The manoeuvres are illustrated in Figure 2.6.E.8.
 O Ensure that the fetal heart rate is normal (110–160 

beats/minute).
 O In well-resourced settings only, and with relatively only 

slightly more success, and if the uterus is not relaxed, 
tocolysis may be helpful. Consider giving a dose of 250 
micrograms terbutaline subcutaneously. 

 O The fetal heart rate should be listened to regularly during 
the procedure. 

 O Whether the ECV is successful or not, after the proce-
dure listen carefully to the fetal heart every 5 minutes for 
30–60 minutes. If this is normal, the mother is allowed 
home.

 O If the fi rst attempt is unsuccessful, consider bringing the 
mother back the next day for a repeat trial.

 O If the fetal heart rate becomes abnormal, turn the woman 
on to her left side, and reassess every 5 minutes. If the 

fetal heart rate does not become normal within 30 min-
utes, deliver by Caesarean section (if the facilities are 
available and it is safe to do so). 

 O In well- resourced settings where blood group including 
rhesus factor is universally collected, and where the 
mother is rhesus negative, 500 IU of anti- D immuno-
globulin should be given after ECV. Unfortunately, anti- D 
immunoglobulin is expensive.

Figure 2.6.E.8 shows the steps involved in ECV. It illustrates 
how a right- handed person would turn a baby. If you are 
left- handed, turn the baby the other way. 

(a) Place one hand below the breech, and your other 
hand above the head. Lift the breech out of the pelvis. Bring 
the head and breech closer together so as to fl ex the baby. 

(b) and (c) Turn the baby by guiding the head forwards 
as you lift the buttocks up. In this way you make the baby 
do a forward somersault (i.e. turn head over heels). 

(d) If you fail to turn the baby, try turning them with a 
backward somersault.

All mothers should be warned about the possible 
subsequent risks of reduced fetal movements, vaginal 
bleeding, rupture of the membranes and onset of labour. 
If ECV is successful, the pregnancy can be managed as a 
cephalic presentation. If it is unsuccessful, future manage-
ment should be discussed and a decision made regarding 
whether to opt for elective Caesarean section or trial of 
vaginal breech delivery.

Trial of vaginal breech delivery
This is a diffi cult issue where there is limited availability of 
safe surgery, or surgery without delay. A trial may not be 
appropriate if:

 O the mother is very small and/or the baby is large
 O there is evidence of fetal–pelvic disproportion – that is, 

an inadequate pelvis (using clinical judgement) and an 
estimated fetal weight exceeding 4000 grams

 O evidence (on ultrasound) of hyper- extension of the fetal 
head. 

If there has been a previous Caesarean section or other scar 
in the uterus, a repeat Caesarean section may be preferable, 
although this will depend on the availability of safe surgery. 
Moving the woman to a waiting home next to a unit that 
provides comprehensive emergency obstetric care from 
37 weeks’ gestation (if available) may be a good option.

Procedure
 O The mother should confirm her informed choice of 

vaginal delivery. 
 O If the mother is in hospital, an obstetrician, anaesthetist 

and operating theatre should be ready.
 O Careful fetal monitoring and documentation of the par-

tograph should be undertaken.
 O The bladder must be emptied either naturally or with 

an in–out catheter.
 O If spontaneous rupture of the membranes occurs, 

do a vaginal examination to check for cord prolapse. 
Meconium is common and not a sign of fetal distress. 

 O Amniotomy may be used to accelerate labour, where 
indicated, and careful use of oxytocin may be used to 
correct poor uterine activity if the mother is having her 
fi rst baby. However, oxytocin should only be used in a 
well- resourced hospital. It should not be used for poor FIGURE 2.6.E.8 External cephalic version.
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progress due to poor uterine contractions in a mother 
who has previously given birth. Where available and 
safe, it is reasonable to perform a Caesarean section, 
rather than commencing oxytocin, even in primiparous 
women who are making inadequate spontaneous pro-
gress in labour.

 O Caesarean section should be considered if there is poor 
progress or fetal distress.

 O Ensure that a healthcare worker with adequate experi-
ence in delivering breech babies vaginally is present 
during the second stage.

The basic principle of delivering a breech is to avoid 
interfering.

 O Active pushing should not be encouraged until the 
breech has descended to the pelvic fl oor and the cervix 
is fully dilated as confi rmed by vaginal examination. 

 O Sitting the patient up at this stage may help to encour-
age descent of the breech. An episiotomy may well be 
required, but should not be performed until the anus is 
visible or until the baby’s buttocks are distending the 
perineum. 

 O The breech will usually rotate spontaneously to lie 
with the sacrum anteriorly. Rarely it will try to turn 
posteriorly, and this must be prevented by holding 
the baby by the bony pelvis and rotating the baby 
to the back- anterior position as it descends with 
maternal effort. 

 O Extended legs are delivered by fl exing the knee joint of 
the baby and then extending at the hips.

 O The baby is supported only when the arms are deliv-
ered and the nape of the neck becomes visible. Avoid 
holding the baby’s abdomen, as internal organs may be 
traumatised; the pelvis should be held gently to support 
the weight of the baby and prevent hyperextension of 
the fetal neck.

 O As the mother pushes, the anterior shoulder tip will 
become visible. A fi nger is run over the shoulder and 
down to the elbow to deliver the arm, if this does not 
occur spontaneously. The other shoulder will rotate 
anteriorly spontaneously to allow similar delivery of the 
other arm. If the arms are not delivering spontaneously 
despite the shoulders being visible, the Løvset manoeu-
vre should be used (see Figure 2.6.E.9). Traction on 

the baby combined with rotations as shown (multiple 
if necessary) will usually result in each arm dropping 
out of the cervix. Minimal assistance by the healthcare 
worker running a fi nger along the arm to disengage it 
may sometimes help.

 O The baby lies supported as the head engages and the 
neck comes into view (see Figure 2.6.E.10).

FIGURE 2.6.E.10 Breech delivery: the baby should hang until the 
hair line at the back of the neck is seen.

 O Delivery of the head may then be performed 
by the Mauriceau–Smellie–Veit manoeuvre (see 
Figure 2.6.E.11). The right hand is placed in the vagina, 
the fetus is supported on the right forearm, the middle 
fi nger of the hand is passed into the baby’s mouth, and 
the fi rst and third fi ngers are placed just below the bony 
ridges of the lower part of the orbits (the maxilla). The 
eyes must not be compressed. Pressure is applied to 
fl ex and deliver the head. The left hand is used to press 
upwards and posteriorly on the back of the fetal head 
to encourage fl exion. 

 O Alternatively, forceps may be used to achieve the con-
trolled delivery of the head. An assistant should hold the 
baby’s feet to elevate the body above the horizontal to 

FIGURE 2.6.E.9 Breech delivery using Løvset method. Reproduced 
with permission from Macdonald S, Magill-Cuerden J (ed.) Mayes’ 
Midwifery: a textbook for midwives. Elsevier Health Sciences; 
2010. © Elsevier

FIGURE 2.6.E.11 Breech delivery: delivering the head by the 
Mauriceau–Smellie–Veit manoeuvre. To help to deliver the head 
safely, lay the body on your forearm. Put the index and middle 
fi ngers of your left hand on the bony ridges below the eyes. Place 
your right index fi nger on the occiput, fl ex the head, and deliver 
the head slowly and in a controlled way.
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allow the operator access to apply forceps. The nape of 
the neck must be in view before the baby’s body is lifted 
upwards, or damage to the fetal neck may be caused. 
It is also essential that the baby is not lifted too high, as 
this will damage the neck.

If the head fails to descend into the pelvis (i.e. the nape 
of the neck does not appear), fi rst check that the cervix is 
fully dilated. If it is not, it will need to be incised. If the cervix 
is fully dilated, if possible forceps (ideally Piper’s) may be 
applied to the fetal head to facilitate delivery. Firm suprapu-
bic pressure may be applied in the midline to encourage 
the unengaged head to fl ex and facili tate delivery. If this 
is unsuccessful, a symphysiotomy should be considered. 
All of these manoeuvres are potentially dangerous for the 
mother. If the fetus dies, a destructive procedure should 
be undertaken.

Elective Caesarean section for breech
This is advisable for the following:

 O failed external cephalic version
 O if vaginal birth is contraindicated, or the mother wishes
 O double footling breech
 O a very large fetus
 O a small or malformed maternal pelvis
 O a hyperextended or defl exed fetal head.

Before and at operation:
 O Explain to the woman that she will have a scarred uterus, 

which may create problems in future pregnancies.
 O Ensure that the presentation remains breech before 

anaesthetising the patient.
 O Note that if the uterine incision is too small, there can be 

diffi culty delivering the after- coming head.
 O Remember to keep the fetal back upwards during 

delivery.

2.6.F Preterm pre- labour rupture of membranes (PPROM) and/or 
preterm labour 

Introduction
PPROM is defi ned as spontaneous rupture of the mem-
branes before the onset of labour and prior to 37 weeks’ 
gestation. It occurs in 2–4% of single pregnancies and 
7–20% of multiple pregnancies, and accompanies 60% or 
more of preterm births. 

PPROM is associated with maternal mortality and 
morbidity with neonatal complications, which include cord 
prolapse, neonatal sepsis and respiratory failure, pulmonary 
hypoplasia and malpresentations.

Preterm labour is defi ned as labour that begins before 
37 weeks’ gestation. It has increasingly serious implications 
for the neonate the earlier it occurs.

Preterm labour may occur without PPROM. However, 
ruptured membranes are a common early consequence 
of premature labour. Likewise PPROM can occur before 
labour, but the risk of progression to labour following 
PPROM is high (see below).

There are multiple risk factors for preterm labour and 
PPROM. They include intrauterine infection, twin preg-
nancy, polyhydramnios, abruption, malaria, urinary tract 
infection/pyelonephritis and uterine anomalies (including 
large fi broids). 

Clinical fi ndings in the woman with 
PPROM and/or preterm labour
In PPROM the fl uid may come out quickly as a sudden 
large fl ow, or it may trickle out over 1–2 hours, after which 
recognition is more diffi cult. Around 50% of women go into 
labour within 24–48 hours, and 70–90% within 1 week. 
The gap is longer the earlier in pregnancy the rupture 
occurs. 

There may be no history or signs to suggest that 
PPROM has occurred, and therefore the woman may pre-
sent with preterm labour. Preterm labour may also occur 
without PPROM.

It is important if possible to distinguish PPROM from 

urinary incontinence, bacterial/fungal vaginal infection or a 
‘show’ of cervical mucus.

Premature labour is considered to be present if there 
are regular contractions (usually at least every 10 minutes) 
associated with cervical effacement and/or dilatation. 

In its early stages it is very diffi cult to diagnose accu-
rately, as the patient may present before cervical change 
has occurred, and it is then only with time that the cervical 
change becomes apparent.

Important differential diagnosis for premature labour, 
where cervical change has not yet occurred, include: 
Braxton Hicks contractions, urinary tract infection, mus-
culoskeletal pain, constipation and diarrhoea.

Infection can itself result in premature labour and there-
fore patients presenting with threatened preterm labour 
should be assessed and treated for an underlying cause. 
Common examples of infections that precipitate prema-
ture labour include malaria and urinary tract infection/
pyelonephritis.

Management of PPROM and/or 
preterm labour
Avoid doing a digital vaginal examination unless active 
labour is under way and/or birth is imminent, as it increases 
the risk of infection.

A sterile speculum examination should be undertaken 
to look for amniotic fl uid passing through the cervix or in 
the posterior fornix. A swab should be taken of the fl uid 
and sent to the laboratory for microscopy and culture (if 
bacteriological facilities are available), looking especially for 
group B streptococcus. 

Monitor vital signs (temperature, heart rate and blood 
pressure), vaginal discharge (check sanitary towels regu-
larly; do not use tampons), uterine activity and possible 
tenderness, and fetal heart rate, and where possible per-
form an ultrasound examination to assess the amniotic fl uid 
index, presentation, gestation and placental site.
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Also check a full blood count, maternal blood group, 
malaria RDT +/– smear and a midstream specimen of urine 
(MSSU). If available a CRP along with the white blood cell 
count may help to indicate an underlying infection.

Although there is no evidence that bed rest is appro-
priate, if it is undertaken apply anti- embolism stockings (if 
available) and encourage leg exercises to prevent deep 
vein thrombosis.

Inform the paediatrician (if available).
Sexual intercourse should not occur after PPROM. 

When to consider antibiotics 
1 Symptomatic ascending infection in utero in the mother 

(fever, maternal and/or fetal tachycardia, foul- smelling 
vaginal discharge, uterine tenderness and signs of 
systemic illness) needs urgent treatment with IV 
antibiotics (ampicillin plus gentamicin plus met-
ronidazole). If this is overlooked, the lives of both the 
mother and the baby will be in danger:

 O ampicillin 2 grams IV/IM, then 1 gram IV 6- hourly
 O plus gentamicin 80 mg IV/IM 8- hourly or 5 mg/kg 

body weight IV/IM once every 24 hours
 O plus metronidazole (vial containing 500 mg in 100 mL) 

500 mg or 100 mL IV infusion every 8 hours. Do not 
give metronidazole IM. 

Usually there will be uterine contractions, but whether 
or not they are present the baby must be delivered as 
soon as possible.

2 Asymptomatic infection (no fever and no systemic 
signs of illness) is a more common problem which may 
progress to a life- threatening infection at any time. It 
is therefore essential that all women who have/or may 
have undergone rupture of membranes, are monitored 
regularly for the symptoms and signs of infection. These 
include: labour, generalised uterine pain, fl ushing and 
chills, body aches, fever (> 37.5ºC), tachycardia, tachyp-
noea and fetal tachycardia. 

3 If premature rupture of membranes is confi rmed, the 
patient is stable, and a decision has been made to 
manage the patient expectantly (see below) then give 
prophylactic antibiotics as follows to help more safely 
to prolong the pregnancy:
a. Erythromycin 250 mg TDS plus amoxicillin 500 mg 

TDS both orally and for 7 days.
4 All patients with confi rmed premature labour should 

receive prophylactic antibiotics when in active 
labour as follows: 
a. IV ampicillin 2 grams IV/IM, then 1 gram IV 6- hourly.
Discontinue antibiotics immediately after delivery if there 
are no signs of infection in the mother. 

5 Maternal fever (> 38°C) or other indication of infection 
in labour (e.g. offensive liquor) requires that the mother 
be treated with IV penicillin/ampicillin, metronidazole and 
gentamicin as in 1. above. If this is the case, the new-
born infant should also be treated with IV antibiotics 
from birth without waiting for any signs of infection 
to appear (see Section 3.1).

Minimising the risk of surfactant defi ciency 
in the newborn with antenatal steroids 
High- dose corticosteroids can improve surfactant produc-
tion in the newborn, but steroids must not be given if there 
is evidence of tuberculosis or HIV infection. A transient 

increase in blood glucose levels can occur with the use 
of steroids in diabetes. Even one dose of steroids can be 
effective in improving lung maturity in the newborn. 

Give betamethasone, 12 mg IM, two doses 24 hours 
apart or dexamethasone, 6 mg IM, four doses 12 hours 
apart. Maximum benefi t is achieved 24 hours following 
the second dose and for 1 week thereafter. Although it is 
not evidence based, where delivery is urgent, it is common 
practice to accelerate the course of steroids by giving the 
two 12 mg doses of either betamethasone or dexametha-
sone 12 hours apart.

A second course of dexamethasone or betamethasone 
can be given if more than 2 weeks have elapsed since the 
fi rst course of treatment was given, and delivery has not 
occurred but premature labour has restarted. No more than 
two courses should be given.

Stopping premature labour
There is evidence to demonstrate that labour can some-
times be delayed by treating the mother with tocolytic drugs. 
There is no evidence, however, that tocolysis alone is ben-
efi cial to the baby or mother. In fact their use is potentially 
dangerous, as delaying delivery may result in progression 
of the process which caused the premature labour in the 
fi rst place, e.g. infection or abruption.

However, tocolysis may be useful to allow administration 
of antenatal corticosteroids (as above), thereby protecting 
the baby from lung surfactant defi ciency. They may also 
allow transfer of the mother to a hospital where safer therapy 
can be provided for a preterm baby. 

Tocolysis should not be given for more than 48 hours 
as this is the time taken for antenatal steroids to achieve 
their maximum therapeutic effects.

Premature labour is considered to be present if there are 
regular contractions at least every 10 minutes associated 
with cervical effacement and/or dilatation.

It is unsafe to try to stop labour if the membranes are 
ruptured. 

Although tocolysis is not recommended after 34 weeks’ 
gestation in well- resourced settings, it may possibly be help-
ful between 34 and 36 weeks’ gestation in low- resource 
settings, as well as between 28 and 34 weeks.

If labour is well advanced and the cervix is more than 
5 cm dilated, tocolysis will probably not be helpful.

Drugs used for tocolysis
There is always the option of not trying to stop uterine 
contractions, as the evidence of benefi t is very limited. If 
antenatal corticosteroids are not going to be given and 
there is no need to transfer the patient, then tocolytics are 
not indicated.

Terbutaline 
This is given in a dose of 250 micrograms subcutaneously 
every 6 hours.

Nifedipine
Nifedipine given orally is the most appropriate drug. 

The side effects of nifedipine include facial fl ushing, 
headache, nausea, tachycardia, dizziness, a fall in blood 
pressure, heart failure and (rarely) increased liver enzymes. 

Contraindications are situations where delivery is 
desired, such as antepartum haemorrhage, severe pre- 
eclampsia, infection, fetal distress and all cases of PPROM 
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in low- resource settings. Nifedipine should not be given if 
the mother has heart disease.

Before starting nifedipine, measure urea and electrolytes 
and liver function tests (where available).

Regular and frequent measurements of the mother’s 
vital signs, as well as the fetal heart rate, should be under-
taken. Closely observe for signs of heart failure. If the blood 
pressure falls, give a bolus of 250–500 mL of Ringer- lactate 
or Hartmann’s solution. 

Doses of nifedipine:
 O Initial dose: 20 mg of oral nifedipine.
 O Up to three further doses can be given at 30- minute 

intervals if uterine contractions persist. 
 O If this stops labour, and the blood pressure is stable, 

give a maintenance dose of 20 mg three times a day 
for up to a total of 48 hours. The maximum daily dose 
is 120 mg of nifedipine. 

How long to wait before inducing labour 
when there is PPROM
The decision on timing of delivery is diffi cult, and it depends 
on the stage of pregnancy, the availability of comprehensive 
emergency obstetric care, the quality of neonatal care avail-
able and the obstetric history and wishes of the patient. 

If expectant management is undertaken women with 
PPROM should be resident in a healthcare facility where 
comprehensive emergency obstetric care is available. 
Induction of labour should be undertaken by 36 weeks as 
prolonging the pregnancy beyond this stage is of reduced 
benefi t to the fetus.

In a resource poor setting it is reasonable to induce 
the pregnancy at a much earlier gestation, even if this will 
result in a neonatal death, in order to reduce maternal risk.

Patients should be monitored closely for any symptoms 
or signs of infection, and if any develop delivery should 
be achieved urgently (via induction or Caesarean section, 
whichever is indicated) regardless of gestation. 

Suggested monitoring would include:

 O Regular review for symptoms of infection, e.g. uterine 
pain, body aches, fl ushing, chills. The patient should be 
advised to report such symptoms as they occur.

 O 2 to 4 times daily vital sign assessment – tachycardia 
(> 100 bpm), tachypnoea (> 20), and pyrexia (> 37.5º C) 
should raise suspicion of infection.

 O At least twice weekly infl ammatory marker assessment 
such as CRP (where available). Note: corticosteroid 
administration causes a transient increase in the mater-
nal white blood cell count but does not affect CRP.

Clinical problems in the neonate 
associated with preterm birth
These include the following: 

 O Surfactant defi ciency leads to increasing levels of res-
piratory diffi culty with decreasing gestational age.

 O There is an increased risk of infection and hypothermia.
 O Nutritional problems: maturity is more important than 

weight with regard to the ability to feed and digest. 
Babies who are born before 36 weeks’ gestation nearly 
always need some help with feeding. Breast milk is 
ideal, and everything possible should be done to help 
the mother to sustain her lactation until the baby is 
ready to feed reliably from the breast. A limited ability 
to suck and swallow usually appears from 32 weeks’ 
gestation, but it remains unpredictable, unreliable and 
uncoordinated until 36 weeks’ gestation. In the event 
that breastfeeding cannot be initiated immediately 
after birth, the mother should be encouraged to start 
expressing breast milk, to be given by nasogastric tube 
or cup and spoon. Partial breastfeeding can also help 
the mother to sustain her lactation, but in any event she 
should regularly express milk. 

Further information on care of the prematurely born infant 
can be found in Section 3.

2.6.G Prolapsed umbilical cord 

Incidence
Prolapse of the umbilical cord occurs in approximately 
0.2% of all births, mostly in multiparous mothers. There is 
a signifi cant risk of fetal death due to mechanical compres-
sion of the cord, and spasm of the cord vessels when they 
are exposed to cold air.

Risk factors for cord prolapse
The presenting part does not remain in the lower uterine 
segment due to any of the following causes.

Fetal causes
 O Malpresentations (e.g. complete or footling breech, 

transverse and oblique lie).
 O Prematurity or low birth weight.
 O Polyhydramnios.
 O Multiple pregnancy.
 O Anencephaly.
 O High head. FIGURE 2.6.G.1 Sagittal view showing compressed cord.
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Maternal causes
 O Contracted pelvis.
 O Pelvic tumours.

Other predisposing factors
 O Low- grade placenta praevia.
 O Long cord.
 O Sudden rupture of membranes in polyhydramnios.
 O Artifi cial rupture of membranes (ARM).
 O Manual rotation of the fetal head.

Management of cord prolapse
The longer the time between diagnosis of cord prolapse and 
delivery, the greater the risk of stillbirth and neonatal death. 
If the baby is dead, deliver in the safest way for the mother.
1 Assess fetal viability. If the baby is alive and of a viable 

gestation, and fetal heart sounds are heard with a 
Pinard’s stethoscope or ideally a hand- held ultrasound 
fetal heart rate detector (e.g. Sonicaid), urgently relieve 
pressure on the cord by placing the woman in the knee–
elbow or exaggerated Sims’ position (Figure 2.6.G.3). 
Care should be taken not to stimulate the cord by 
handling it. Exposure to low temperatures should also 
be prevented if possible. This gives time for decision 
making.

2 Discontinue oxytocin if it is being used. You can buy 
time to allow the baby to be delivered by giving toco-
lysis with terbutaline 250 micrograms every 6 hours 
subcutaneously.

3 If the fetus is alive, prepare for either emergency vaginal 
delivery or emergency Caesarean section (if this can be 
undertaken safely).

4 If the cervix is fully dilated, and delivery is likely to be 
achievable within 5 minutes, encourage the patient to 
push and prepare to expedite the delivery by use of for-
ceps or ventouse. The choice of instrument will depend 
on availability, operator experience and the position of 
the fetal head. If appropriate, forceps delivery is usually 
the most rapid method of achieving delivery, but must 
not be used by inexperienced staff. Rapid delivery is far 
more likely to be achieved in a multiparous woman.

5 If Caesarean section is safe and the only option (i.e. 
the cervix is not fully dilated, and the fetus is alive and 
viable), fi ll the bladder to raise the presenting part off the 
compressed cord for an extended period of time, so that 
the woman or girl can be transferred to the operating 
theatre. Insert 500 mL of sterile IV fl uid into the bladder 
using an IV giving set attached to a Foley catheter. Infl ate 
the balloon of the Foley catheter, clamp it and attach 
drainage tubing and a urine bag. The full bladder may 
also decrease or inhibit uterine contractions. The blad-
der must be emptied by unclamping the catheter before 
opening the peritoneal cavity for Caesarean section. 
Mark the mother’s abdomen to ensure that this is 
not forgotten. At skin incision, the bladder clamp 
must be released and the bladder emptied.

6 Ensure that venous access is in place with a reliable IV 
cannula.

7 Transfer the woman or girl to the operating theatre in 
the exaggerated Sims’ position on a trolley.

FIGURE 2.6.G.3 Maternal positions for immediately relieving 
pressure on prolapsed cord.

FIGURE 2.6.G.2 Prolapsed cord presenting. Reproduced with 
permission from Macdonald S, Magill-Cuerden J (ed.) Mayes’ 
Midwifery: a textbook for midwives. Elsevier Health Sciences; 
2010. © Elsevier

FIGURE 2.6.G.4 Treating prolapse of the cord by elevation of the fetal presenting part by infl ating the bladder with sterile IV fl uid.
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2.6.H Inverted uterus

Introduction
Defi nition
This occurs when the uterus, after or during delivery of the 
placenta, is inverted and may appear at the introitus. The 
inverted uterus has the endometrium and sometimes the 
placenta ‘on the outside’.

Prevention
Prevent an inverted uterus by avoiding cord traction until the 
uterus is contracted and placental separation has occurred, 
and ensuring that the uterus is held back with one hand 
during cord traction. 

Clinical signs
An inverted uterus most commonly presents as a pelvic 
mass, sometimes protruding from the vagina. If the inverted 
uterus does not protrude from the vagina, it may go unde-
tected, resulting in a sub- acute or chronic inversion which 
is very dangerous and may even present as a sudden 
unexpected maternal death.

Symptoms and signs include severe lower abdominal 
pain in the third stage of labour, haemorrhage, shock out of 
proportion to blood loss, the uterus not being palpable on 
abdominal examination, and vaginal examination revealing 
a mass in the vagina. 

Early recognition is vital, as shock is the most common 
complication. Shock out of proportion to blood loss may 
be due to increased vagal tone, which may also produce 

a bradycardia (< 60 beats/minute), worsening the shock 
and confusing its diagnosis. Inversion is associated with 
haemorrhage in over 90% of cases. Alternatively, con-
cealed bleeding may produce tachycardia and other signs 
of shock. 

Incomplete inversion presents more subtly with continu-
ing postpartum haemorrhage despite a contracted uterus. 
The fundus of the uterus may feel dimpled.

Suspect a diagnosis of inverted uterus if there is:
 O shock with little obvious bleeding 
 O continuing postpartum haemorrhage despite an appar-

ently well- contracted uterus
 O associated lower abdominal pain
 O a dimpled uterine fundus 
 O a fundus that is not palpable abdominally.

Management
The uterus must be replaced as soon as inversion is recog-
nised, as a matter of urgency, as this becomes more diffi cult 
over time. Call for help and try to push it back while ABC 
resuscitation is being undertaken.

Primary assessment and resuscitation 
Call for senior help, including a surgeon and an anaesthetist.

If shock is present, manage ABC as described below.

Manual replacement of the uterus
As soon as possible, and wearing sterile gloves, attempt 
manual replacement of the uterus by pushing the fundus 

Knee elbow or exaggerated position

Discontinue oxytocin

Assess fetal viability with  or hand-held 
ultrasound heart detector (e.g. Sonicaid)

Fetal heart beating

Is cervix fully 
dilated?
Is baby 

cephalic?

Await spontaneous delivery, unless transverse 
position (which needs Caesarean section or 

destructive procedure)

Consider 
ventouse or 

forceps
Catheterise 500 mL 

sterile IV fluid into bladder 
and then clamp catheter
Mark abdomen to show 

bladder inflated

Perform Caesarean section 
after emptying fluid from 

bladder

Yes No

YesNo

Consider tocolysis with 
terbutaline 250 micrograms 

subcutaneously

Sims’

Pinard’s

FIGURE 2.6.G.5 Pathway of care for prolapsed cord.
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back through the cervix (the longer the delay, the more 
diffi cult it will be to achieve resolution).

It is important that the part of the uterus that came out 
last (the part closest to the cervix) goes in fi rst.

FIGURE 2.6.H.1 Bimanual replacement of inverted uterus. 
Reproduced with the permission of Medical Aid Films, www.
medicalaidfi lms.org

Do not attempt to separate the placenta until the inversion 
has been corrected.

However, if the inversion has been present for some 
time (e.g. if it occurred at home), and replacement is not 
possible without placental removal, then be prepared 
for possible severe bleeding if this is undertaken.

Hydrostatic correction
 O If manual replacement is unsuccessful, hydrostatic cor-

rection should be attempted.
 O Place the woman in the steep Trendelenburg position 

(lower her head about 0.5 metres below the level of the 
perineum). 

 O Prepare a high- level sterile douche system with a large 
nozzle, long tubing (2 metres) and a reservoir (1–2 litres 
of sterile Ringer- lactate or Hartmann’s solution at room 
temperature, not from a refrigerator). 

 — Note: This can also be done using Ringer- lactate or 
Hartmann’s solution and an ordinary IV administra-
tion set.

 O Identify the posterior fornix. This is easily done in partial 
inversion when the inverted uterus is still in the vagina. 
In other cases, the posterior fornix is recognised by the 
place where the ridged vagina becomes the smooth 
vagina. 

 O Place the nozzle of the douche in the posterior fornix. 
 O At the same time, with the other hand hold the labia 

sealed over the nozzle and use the forearm to support 
the nozzle. 

 O Ask an assistant to start the douche at full pressure (raise 
the water reservoir to at least 2 metres). Ringer- lactate 
or Hartmann’s solution will distend the posterior fornix of 

Airway: Maintain as level of 
consciousness requires

Breathing: Give 100% O2 by face 
mask or bag and mask if needed

Circulation: SShock is usually severe
Two IV lines (14–18G)

Elevate legs
Consider use of NASG

Give 500 mL to 1 litre of Ringer-
lactate or Hartmann’s IV as rapidly as 

possible while awaiting blood

Take blood for FBC, 
clotting and cross-match 

4–6 units

Give atropine IV 100 micrograms and repeat every 
2 minutes up to maximum of 400 micrograms if 

bradycardia < 60 beats/minute 

Hydrostatic replacement:
2 litres of 0.9% saline or Ringer-lactate or 
Hartmann’s run in under gravity from a 
height of 2 metres into the posterior fornix 
using two wide-bore tubes, using clenched 
fist to maintain a seal at the introitus.  A 
silastic ventouse cup can be used to deliver 
the fluid and provide a seal.  The reduction is 
usually achieved in 5–10 minutes

If it fails (< 3% of cases) a laparotomy is 
required

Once reduced, maintain hand in 
uterine cavity until a firm 

contraction occurs, and IV 
oxytocin is being given.  Then 

remove the placenta and 
explore the cavity gently for 

trauma

Establish monitoring of pulse, blood pressure, 
respiratory rate, SaO2 and urine output

Establish adequate analgesia and call for senior help 
(if available)

Attempt manual replacement as soon as possible: 
gently push the fundus back through the cervix 
before attempting to separate off the placenta

Successful

Unsuccessful

FIGURE 2.6.H.2 Pathway of care for inverted uterus. FBC, full blood count; NASG, non-pneumatic anti-shock garment.
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the vagina gradually so that it stretches. This causes the 
circumference of the orifi ce to increase, relieves cervical 
constriction, and results in correction of the inversion. 

 O If a Silc Cup ventouse is available, this can be used to 
occlude the vagina and give a seal. Two IV infusion sets 
are inserted into the narrow end while the wide end lies 
against the inverted uterus vaginally.

 O Terbutaline, 250 micrograms subcutaneously, may help 
to stop any uterine contractions that prevent correction 
of the inversion.

Manual correction under general 
anaesthesia
If hydrostatic correction is not successful, try manual 
repositioning under general anaesthesia, using halothane. 
Halothane is recommended because it relaxes the uterus, 
but be aware of the risk of possible atonic uterus and 
haemorrhage. 

Airway
 O Use an opening manoeuvre if the airway is not open or 

is partially obstructed. Keep the airway open. If there is 
an improvement but the airway closes without active 
opening support, consider using an airway adjunct to 
support the airway. 

 O Suction only under direct vision and only if necessary.
 O The airway may need to be secured by intubation using 

experienced senior help (if available).

Breathing
Provide a high concentration of oxygen through a face 
mask with a reservoir bag if there is adequate spontaneous 
respiration. Give 100% oxygen (mask with reservoir and 
a fl ow rate of at least 6 litres/minute) regardless of SaO2.

For inadequate ventilation or depressed conscious level 
(P or U on the AVPU scale), respiration should be supported 
with oxygen via a bag- mask, and experienced senior help 
should be summoned (if available). 

Circulation
Primary assessment suggesting shock: 

 O Fast, weak pulse (* 100–110 beats/minute). Normal 
heart rates in a pregnant mother at rest are 60–90 beats/
minute. Tachycardia is the fi rst sign of shock. 

 O Bradycardia (< 60 beats/minute) may occur as a result 
of increased vagal tone due to the inversion.

 O Low- volume (weak) pulse.
 O Pallor (especially of the inner eyelid, palms or around 

the mouth).
 O Sweatiness or cold clammy skin.
 O Prolonged capillary refi ll time (> 3 seconds).
 O Rapid breathing (> 30 breaths/minute). Normal respira-

tory rates in a pregnant mother at rest are 15–20 breaths/
minute. Tachypnoea can be due to acidosis.

 O Low blood pressure (systolic < 90–100 mmHg) is a 
very late sign. Healthy women and girls can maintain a 
normal or even high blood pressure while large volumes 
of blood are lost.

 O Anxiety, reduced conscious level, confusion or 
unconsciousness.

If the woman or girl is shocked, obtain vascular access to 
give large volumes quickly. Insert two wide- bore IV cannulae 
(14-  to 16G) and send blood for a full blood count, cross- 
matching (2 units) and clotting. If peripheral veins are diffi cult 
to access, the external jugular vein or long saphenous vein 
cut- down are good alternatives. 

 O Give an initial rapid bolus of 500 mL to 1 litre of Ringer- 
lactate or Hartmann’s solution or blood if available. It is 
essential that the bolus is given as rapidly as possible. In 
the absence of syringe pumps, they should be pushed 
in manually using a 20-  to 50- mL syringe (using a three- 
way tap and link to an IV giving set). 

 O Further 500-  to 1000- mL boluses may be required in the 
fi rst hour. Once more than 2 litres have been given IV, 
complications such as pulmonary or cerebral oedema 
may occur. If available, expert help, including CVP 
monitoring, is valuable.

 O A blood pressure cuff can be used to speed up infusions 
in emergency situations. Wrap the cuff around the blood/
fl uid bag and place it inside a non- compressible bag. 

 O Keep the patient warm but do not overheat them, as 
this will cause peripheral vasodilatation and reduce the 
blood supply to vital centres. Hypothermia will exacer-
bate poor peripheral perfusion, acidosis and coagulation 
abnormalities.

 O Elevate the legs (raise the foot of the bed).
 O Give O- negative or group- specifi c blood if there is not 

time for full cross- matching. Have O- negative blood 
ready in the ward at all times if possible.

 O Consider giving atropine 100 micrograms IV, and repeat 
every 2 minutes up to a maximum of 400 micrograms 
IV if bradycardia is < 60 beats/minute.

 O Consider using the non- pneumatic anti- shock garment 
(NASG). 

Post- procedure care
Once the inversion is corrected, infuse IV oxytocin, 40 units 
in 500 mL of Ringer- lactate or Hartmann’s solution, over 
4 hours. If the uterus does not contract after oxytocin, 
give misoprostol 3 tablets each of 200 micrograms orally 
or 600 micrograms of powder sublingually if the patient is 
conscious, or 4 × 200 micrograms rectally if she is drowsy.

The patient must be observed closely for haemorrhage.
Give a single dose of prophylactic antibiotics after cor-

recting the inverted uterus. Use ampicillin 2 grams IV plus 
metronidazole 500 mg IV, and give appropriate analgesia. 
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2.6.I Hyperemesis gravidarum

Introduction
Some nausea and vomiting is common in early pregnancy, 
with nausea affecting 70–85% of women. Around 50% of 
pregnant women experience vomiting. However, in a small 
proportion of patients severe vomiting (hyperemesis) can 
occur. This condition is more common if there is a larger 
than normal placental mass (e.g. in multiple pregnancy and 
molar pregnancy). Hyperemesis peaks at 11 weeks, with 
90% of cases resolved at 16 weeks.

Associated conditions
Severe hyperemesis requiring hospital care is associated 
with the following:

 O depression and severe stress 
 O multiple pregnancy
 O molar pregnancy.

Consequences of hyperemesis
Consequences that are severe enough to require hospital 
care include the following:

 O ketosis
 O hypochloraemic alkalosis, hypokalaemia and 

hyponatraemia
 O malnutrition with anaemia and hypoalbuminaemia
 O ulcerative oesophagitis
 O Wernicke’s encephalopathy from thiamine defi ciency
 O worsened depression, may result in the patient seeking 

a termination of pregnancy
 O hyperemesis is dangerous in type 1 diabetes and can 

result in ketoacidosis.

Investigations
 O Ultrasound examination to exclude molar or multiple 

pregnancy.
 O Urine for ketones and to exclude urinary tract infection.
 O Blood for haemoglobin, urea and electrolytes.
 O Special investigations as indicated to exclude seri-

ous medical problems affecting the gastrointestinal, 
genitourinary, neurological, metabolic or endocrine and 
psychological systems. 

Treatment of severe hyperemesis
Intravenous 0.9% saline, 1 litre given over 4 hours initially 
and then repeated as required, is the most effective treat-
ment for severe hyperemesis with dehydration. 

Small volumes (100–200 mL every 2–3 hours) of WHO 
oral rehydration salts (ORS) powder dissolved in 1 litre of 
water giving Na+ 75 mmol/litre, K+ 20 mmol/litre and glucose 
75 mmol/litre can be given in addition to IV fl uids until vomit-
ing settles and if tolerated.

After IV fl uids have been started, anti- emetic drugs may 
not be required, but if vomiting continues try prochlorpera-
zine 12.5 mg IM and then orally 5 to 10 mg three times daily. 
Alternatives include cyclizine, 50 mg IM, IV or orally TDS 
domperidone 10 mg orally or 30–60 mg rectally four times a 
day, and metoclopramide 10 mg IM, IV or orally three times 

a day. If suppositories are available, rectal administration is 
ideal as it can be self administrated and avoids the oral route 
in the nauseous and vomiting patient. It is often necessary 
to use a combination of anti- emetics. If this is done it is 
often best to combine drugs with different mechanisms of 
action (e.g. cyclizine and metoclopramide) and to stagger 
their administration.

Supplements with thiamine should be given (IV if avail-
able) if there is evidence suggesting a severe defi ciency may 
be present (Wernicke–Korsakoff syndrome). It should also 
be used prophylactically if the vomiting has been severe 
and/or protracted. See below for dosing.

If available, urea and electrolytes should be monitored 
(ideally daily) in women with severe hyperemesis. Women 
are at particular risk of hypokalaemia if the vomiting is severe 
and protracted. In a vomiting patient who is not tolerating 
any diet, potassium replacement should be considered 
even where blood measurement is not available. The daily 
requirement of potassium is approximately 60 mmol in a 
60 kg woman, and will be higher in the vomiting patient. 

Replacement should be undertaken with great care as 
too rapid replacement is dangerous. 

A reasonable approach would be to add 20 mmol to 
1 litre of 0.9% saline and to administer over 8 hours (42 dpm 
when using a standard giving set with a drop factor of 20). 
This provides a large margin of error as the infusion could 
be increased to >100 dpm before becoming hazardous.

Ringer’s lactate does contain 5 mmol of potassium/
litre and will provide some replacement if potassium is not 
available.

Hyperemesis is a risk factor for venous thrombo- 
embolism (DVT and PE). If a patient is admitted with 
severe hyperemesis she should be treated with anti- embolic 
stockings (if available).

Wernicke–Korsakoff syndrome
Symptoms of Wernicke’s encephalopathy include the 
following:

 O confusion
 O loss of muscle coordination (ataxia)
 O leg tremor
 O vision changes
 O abnormal eye movements (back- and- forth movements 

called nystagmus)
 O double vision
 O eyelid drooping.

Symptoms of Korsakoff syndrome include the following:
 O inability to form new memories
 O loss of memory, which can be severe
 O making up stories (confabulation)
 O seeing or hearing things that are not really there 

(hallucinations).

Treatment of severe hyperemesis where 
possible symptoms or signs of Wernicke–
Korsakoff syndrome are present
Give an IV infusion of 10 mL of Pabrinex (Vials 1+2) in 100 mL 
of 0.9% saline over 1 hour (vials contain thiamine, ascorbic 
acid, nicotinamide, pyridoxine and ribofl avin). 
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Subsequently, give oral thiamine 50 mg three times daily 
until vomiting has stopped. 

Other management on discharge from 
hospital
Withhold iron tablets until vomiting has resolved, but 
ensure that they are taken subsequently, as iron- defi ciency 

anaemia may have been an important consequence of the 
hyperemesis. 

Try to help with any depression that is present and 
also, if resources to address intimate partner violence are 
available in the community, make sensitive inquiries of the 
woman or girl in case this is a contributing factor.

2.7 Medical disorders complicating pregnancy 
and delivery

2.7.A Heart failure during pregnancy, including rheumatic heart 
disease

BOX 2.7.A.1 Minimum standards
 Q Oxygen.
 Q Furosemide.
 Q Digoxin.
 Q Nitroglycerine sublingual tablets.
 Q Blood transfusion.
 Q Morphine.

Introduction
Serious cardiac pathology may present either as heart fail-
ure where respiratory distress is the most obvious fi nding, 
or as cardiogenic shock (see shock section later).

Causes of heart failure during pregnancy
There are fi ve main causes of heart failure in pregnancy:
1 severe anaemia 
2 structural heart disease
3 circulatory overload (e.g. excessive IV fl uids) 
4 hypertension in severe pre- eclampsia
5 hypertrophic cardiomyopathy (HCM) and peripartum 

cardiomyopathy.

Heart failure can result from:
 O left ventricular volume overload (aortic and mitral valve 

incompetence) or excessive pulmonary blood fl ow (e.g. 
congenital heart defects) 

 O left heart obstruction (aortic stenosis, mitral stenosis, 
hypertension) 

 O primary pump failure (severe anaemia, myocarditis, 
cardiomyopathy or arrhythmia)

 O over- transfusion (a particular risk in hospital with IV blood 
or fl uid infusions, especially in the anaemic mother).

Clinical signs
These include the following:

 O respiratory distress (raised rate and some chest wall 
recession)

 O tachycardia out of proportion to respiratory diffi culty 

 O raised jugular venous pressure 
 O gallop rhythm/murmur 
 O enlarged liver 
 O basal lung crepitations.

Jugular venous pressure
Normal levels of jugular venous pressure (JVP) are 4–5 cm 
above the sternal angle. In heart failure the JVP can be 
raised so that the external jugular vein is fi lled up to or above 
the angle of the jaw (see Figure 2.7.A.1).

FIGURE 2.7.A.1 Clinical measurement of central venous pressure.

Treatment of severe decompensated 
heart failure

 O Assess ABC.
 O Sit the patient upright and ensure bed rest.
 O Give a high concentration of oxygen via face mask with 

reservoir bag.
 O If there are signs of shock (poor pulse volume or low 

blood pressure with extreme pallor and depressed 
conscious level), treat for cardiogenic shock with 
inotropes (if available).

 O If there are signs of pulmonary oedema, give IV furo-
semide 40 mg (and repeat as required). 
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 O Provided the patient is not hypotensive (systolic blood 
pressure > 90 mmHg) and has no serious obstruc-
tive valvular disease, give a glyceryl trinitrate tablet 
500 micrograms sublingually and repeat up to a total 
of 3 tablets. 

 O Give morphine 3 mg over 5 minutes, and consider 
repeating after 15 minutes. Morphine is effective in 
reducing the afterload and, in addition, will reduce 
anxiety and pain both of which are likely to make heart 
failure worse.

 O For patients with persisting heart failure load with 
digoxin IV, 250–500 micrograms over 10 minutes, 
then after 6 hours 125–250 micrograms over 10 min-
utes, then after a further 6 hours 125–250 micrograms 
over 10 minutes.

Or give an oral digoxin loading dose (instead of IV) of 
375–750 micrograms, then after 6 hours 187.5–375 micro-
grams, then after a further 6 hours 187.5–375 micrograms.

 O Maintenance digoxin dose IV or oral: 
 — 125–750 micrograms once daily.
 — Reduce the dose in renal impairment. Be alert for 
low K+ levels.

 O Consider thromboprophylaxis. This treatment must take 
into account any bleeding risk and the timing of delivery.

 O Check for severe anaemia (especially if the haemoglobin 
concentration is < 5.0 g/dL), for which partial exchange 
transfusion may be helpful. Partial exchange transfu-
sion can be achieved with a cannula in a large vein 
in the antecubital fossa. Withdraw 25 mL of anaemic 
blood and infuse 50 mL of new blood over 5 minutes, 
and repeat up to 10 times. An alternative is careful 
transfusion of packed cells (hang the bag vertically for 
15 minutes) to allow the red blood cells to separate from 
the plasma. Transfuse only the red blood cell component 
with 40 mg IV furosemide for each unit of 500 mL infused.

The following are useful investigations if available:
 O full blood count (to exclude severe anaemia)
 O serum urea and electrolytes
 O infection screen, including blood cultures 
 O 12- lead electrocardiogram 
 O chest X- ray 
 O echocardiogram.

Subsequent treatment of heart failure
 O Dietary sodium restriction.
 O Loop diuretics (furosemide) for moderate/severe pul-

monary oedema,
 O Treatment with oral hydralazine or oral nifedipine (modi-

fi ed release version) as a vasodilator (instead of glyceryl 
trinitrate used in the acute scenario above).

 O Treatment with a B- blocker (preferably a B1 cardio- 
selective B- blocker such as atenolol) can be benefi cial. 
They are NOT used in the acute presentation of a patient 
with severe decompensated heart failure. They are 
contraindicated in asthma and may be associated with 
intra- uterine growth restriction, but are not associated 
with congenital malformations.

 O Continued treatment with digoxin (as above) should be 
considered if signifi cant symptoms persist.

 O Treatment of any underlying anaemia or poor nutritional 
status.

 O Once the baby is delivered, treatment with hydralazine 
or nifedipine may be replaced with an ACE inhibitor 
such as enalapril or lisinopril. ACE inhibitors cause 
congenital abnormalities and therefore should not be 
used antenatally. They are contraindicated if the patient 
is hypovolaemic and in renal artery and aortic stenosis.

Management of heart failure during 
labour

 O The mother must deliver sitting up.
 O Give oxygen from a face mask throughout labour. 
 O Limit infusion of IV fl uids to decrease the risk of circula-

tory overload, and maintain a strict fl uid balance chart. 
 O Ensure adequate analgesia. 
 O If an oxytocin IV infusion is required, use a higher 

concentration at a slower rate while maintaining a fl uid 
balance chart (e.g. the concentration may be doubled 
if the number of drops per minute is decreased by half). 

 — Increase the rate of oxytocin infusion until regular 
strong contractions are established, and then main-
tain infusion at that rate. 

 O Avoid sustained, bearing- down efforts during the second 
stage if possible. 

 O If it is necessary to decrease the woman’s workload dur-
ing delivery, perform an episiotomy and assist delivery 
by vacuum extraction or forceps. 

 O Ensure active management of the third stage of labour. 
Oxytocin given on delivery of the baby must be given 
very slowly IV (5 units diluted in 20 mL of 0.9% saline 
over 5–10 minutes) to avoid hypotension.

 O Do not give ergometrine. 

Note: Heart failure is not an indication for Caesarean 
section. 

Management o f anaesthesia if Caesarean 
section is needed
It is assumed that epidural anaesthesia/analgesia is unlikely 
to be possible or appropriate in low- resource settings. Avoid 
spinal anaesthesia if there is a fi xed cardiac output, such 
as aortic/mitral stenosis or heart failure associated with 
valvular disease. If you are giving a general anaesthetic, 
take precautions against aspiration and minimise the risk 
of an increase in blood pressure associated with intubation 
by premedication with either morphine (5 mg initially IV) 
or lignocaine (1 mg/kg IV). If the patient is considered to 
have insuffi cient cardiovascular stability for general anaes-
thetic, undertake Caesarean section under local infi ltration 
anaesthesia.

In all of the above situations the surgeon should be ready 
to start operating immediately when anaesthesia is estab-
lished, so that the operating time is as short as possible. 
As above, oxytocin given for active management of third 
stage must be given very slowly IV (5 units diluted in 20 mL 
of 0.9% saline over 5–10 minutes) to avoid hypotension. 

Post- operative management must ensure adequate 
analgesia with morphine.
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Cardiac consequences of rheumatic 
heart disease and their effects on 
pregnancy
Introduction
After an episode of acute rheumatic fever, there may 
be permanent valve damage. Rheumatic heart disease 
occurs when acute valve inflammation is followed by 
scarring and fi brosis, resulting in various degrees of short-
ening, thickening, rigidity, deformity, retraction and fusion 
of the valve cusps. The commonest valve lesions are 
mitral regurgitation, mitral stenosis and aortic regurgitation.
Rheumatic heart disease is most severe and progressive 
in the following:

 O patients who initially have severe carditis 
 O patients who have recurrent episodes of acute rheumatic 

fever. The prognosis is more favourable if recurrences 
are prevented. After single episodes, residual cardiac 
disease may disappear or improve, and valve damage 
only worsens in a few cases. It is therefore crucial to 
maintain continuous antibiotic prophylaxis to prevent 
further valve damage.

 O Asymptomatic rheumatic valve disease often becomes 
clinically relevant during pregnancy. A history of rheu-
matic fever should be sought at booking and ideally the 
heart auscultated for murmers. It should be remembered 
as a differential diagnosis in a women presenting with 
shortness of breath, a cardiac arrhythmia or heart failure.

When a cardiology referral and/or surgical 
intervention is not available

 O Medical management is supportive, aiming to maximise 
cardiac function. The most dangerous period is delivery 
and shortly afterwards. In general, the more normal the 
delivery the less stress there is on the heart. 

 O Regular follow- up and rational drug therapy can make 
a signifi cant difference. Use routine medications (diuret-
ics, B- blocker, digoxin and nitrates) to maximum effect. 

 O Bed rest and the avoidance of heavy work are essential.
 O Treat anaemia and any other coexisting conditions. 
 O Advise hospital delivery. 
 O Venesection can be used to decrease venous load for 

the patient in life- threatening situations where preload 
is high.

Note that there is a risk of teratogenicity with ACE 
inhibitors during the fi rst trimester, and problems with 
placental and renal function later in pregnancy. There 
is also diminished placental perfusion with diuretics 
although these should not be withheld if clinically 
indicated. ACE inhibitors may be used after delivery 
and during breastfeeding.

Effects of rheumatic heart disease
Mitral regurgitation
Mitral regurgitation is the commonest valve lesion.

Clinical features
These include the following:

 O easy fatigue (caused by low cardiac output) 
 O shortness of breath on exertion (caused by pulmonary 

oedema and inability to increase cardiac output) 
 O orthopnoea, paroxysmal nocturnal dyspnoea and 

haemoptysis
 O hyperdynamic apical impulse 

 O apical impulse displaced laterally and inferiorly 
 O a blowing apical pansystolic murmur radiating to the 

left axilla; there may be a third heart sound and a short 
low- frequency mid- diastolic murmur from increased 
trans- mitral fl ow 

 O there may be basal crepitations
 O chest X- ray demonstrates cardiomegaly and left atrial 

enlargement (a double density on the right heart border 
and elevation of the left main bronchus) 

 O the ECG demonstrates left atrial enlargement (broad bifi d 
P waves in lead II and a prominent negative component 
to the P in V1) and left ventricular hypertrophy 

 O signs of pulmonary hypertension. 

Management
 O Urgent referral for a cardiology opinion, as surgery is 

likely to be necessary (if available). 
 O Annual echocardiograph (if available), as progressive 

left heart dilation may result in irreversible left ventricular 
dysfunction if referral is delayed until symptoms develop. 

 O Medical treatment for heart failure, but patients who 
are unwell enough to require this may be more appro-
priately treated by mitral valve repair or mitral valve 
replacement with a mechanical valve or bioprosthesis, 
if possible locally. 

Mitral stenosis
Features

 O Mild stenosis does not cause symptoms, moderate 
stenosis causes shortness of breath on exertion, and 
severe stenosis causes easy fatigue, shortness of breath 
at rest, orthopnoea (shortness of breath on lying down), 
paroxysmal nocturnal dyspnoea and haemoptysis. 

 O There is a low- frequency mid- diastolic murmur that is 
maximal at the apex, accentuated by exercise. 

 O There is a loud fi rst heart sound and diastolic opening 
snap. 

 O The murmur becomes longer as the severity of stenosis 
increases. 

 O In severe cases, there are signs of pulmonary 
hypertension. 

 O Chest X- ray and ECG show left atrial enlargement when 
there is moderate mitral stenosis, and chest X- ray shows 
pulmonary oedema when stenosis is severe.

Management
 O Symptoms are treated with diuretics and a low- sodium 

diet. Digoxin is indicated only in rare cases where there 
is atrial fi brillation secondary to left atrial enlargement.

 O Symptomatic patients and those with pulmonary hyper-
tension should be referred for cardiology review (if 
available), as surgery is often necessary (open or closed 
mitral commissurotomy, mitral valve replacement and 
percutaneous catheter balloon mitral commissurotomy). 

Aortic regurgitation
 O This is less common than mitral regurgitation, and fre-

quently occurs in combination with mitral valve disease. 
 O Symptoms occur when left ventricular dysfunction 

develops secondary to chronic left ventricular volume 
overload. 

 O Once the symptoms have appeared, deterioration is 
often rapid. 

 O Symptoms include exercise intolerance, shortness of 
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breath on exertion, orthopnoea (shortness of breath on 
lying down), paroxysmal nocturnal dyspnoea, haemop-
tysis and chest pain. 

 O Examination reveals a blowing decrescendo early dias-
tolic murmur that is maximal at the mid to lower left 
sternal border. The murmur is loudest when sitting 
forward with the breath held in expiration. 

Signs of moderate to severe aortic regurgitation
 O The murmur lengthens and may be present throughout 

diastole.
 O Hyperdynamic apex.
 O Apical impulse displaced laterally and inferiorly.
 O Wide pulse pressure. 
 O Collapsing pulses. 
 O Basal crepitations.
 O Visible pulsations in the suprasternal notch and neck 

vessels. 
 O Systolic murmur at the upper right sternal border (from 

increased aortic valve fl ow). 

Management
 O Cardiology assessment, as surgery may be necessary 

(if available). Marked cardiomegaly on chest X- ray or 
multiple ventricular ectopics on the ECG should prompt 
referral. 

 O An echocardiogram is needed at least annually (if avail-
able), as it is important to assess left ventricular dilation 
and function to ensure that surgery is performed before 
irreversible left ventricular dysfunction develops. 

 O Exercise tolerance may be improved by medical treat-
ment for heart failure. 

 O Surgical options include aortic valve reconstruction, 
aortic valve replacement with an aortic homograft or 
mechanical valve, and transferring the patient’s own 
pulmonary valve to the aortic position (Ross procedure). 

Aortic stenosis
The two commonest causes of aortic valve stenosis are 
progressive wear of a congenital bicuspid aortic valve and 
rheumatic fever (the most common cause in developing 
countries, and usually also with aortic regurgitation).

Clinical features
 O Chest pain (angina from inadequate coronary artery 

perfusion).
 O Fainting, usually with exertion or excitement.
 O Shortness of breath due to heart failure.
 O Sudden death.
 O On examination, delayed upstroke and reduced magni-

tude of the carotid pulse and an ejection systolic heart 
murmur.

 O The ECG shows left ventricular hypertrophy and some-
times ST changes of myocardial ischaemia. 

 O The chest X- ray shows a normal sized heart, dilated aor-
tic root and pulmonary venous congestion. Sometimes 
there is calcifi cation of the aortic valve. 

Management
 O Avoid strenuous exercise.
 O Avoid endocarditis.
 O Refer for a specialist opinion if possible.
 O Diuretics can be helpful, but surgery is usually required.

2.7.B Asthma 

BOX 2.7.B.1 Minimum standards
 Q Oxygen.
 Q Salbutamol by metered- dose inhaler and nebuliser.
 Q Aminophylline.
 Q Magnesium sulphate.
 Q Adrenaline.
 Q Prednisolone/hydrocortisone.

Assessment 

Features of severe asthma 
 O Too breathless to feed or talk. 
 O Recession/use of accessory muscles. 
 O Respiratory rate > 40 breaths/minute. 
 O Pulse rate > 120 beats/minute. 

Features of life- threatening asthma 
 O Conscious level depressed/agitated. 
 O Exhaustion. 
 O Poor respiratory effort.
 O SaO2 < 85% in air/cyanosis. 
 O Silent chest.

Asthma complicates 3–4% of pregnancies. Pregnancy is 

associated with worsening of the symptoms in one- third 
of affected mothers. 

 O A chest X- ray is indicated only if there is severe dysp-
noea, uncertainty about the diagnosis, asymmetry of 
chest signs (possible pneumothorax) or signs of severe 
infection. 

 O Transcutaneous PCO2, arterial or capillary blood gases 
(if available) can be helpful in very severe asthma.

 O Continuous pulse oximetry is valuable (if available), as 
hypoxaemia is a major feature of all severe asthma 
attacks. 

 O Do not give prostaglandins other than misoprostol 
(the latter is safe in pregnancy). For the prevention and 
treatment of postpartum haemorrhage, give oxytocin 
10 units IM or ergometrine 500 micrograms IM or both 
(Syntometrine IM).

 O Do not give labetalol for hypertension in patients 
with asthma.

 O The priority of treatment is to maintain good control of the 
patient’s asthma. This will reduce the likelihood of acute 
exacerbations which can be life- threatening. In order that 
control is maintained the following are recommended:

 — It should be emphasised that inhaled salbutamol and 
steroids are not harmful to the fetus and should be 
continued in pregnancy.
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 — The aim should be for the patient to need her sal-
butamol inhaler no more than 1–2 times/day. If use 
in excess of this occurs, the patient should be com-
menced on inhaled steroids or have her current dose 
of inhaled steroids increased.

 — If the maximum dose of inhaled steroids is reached, 
then long acting B2- agonists and slow release theo-
phylline should be considered if available. 

 — If not available, or ineffective, oral prednisolone can be 
added at the lowest dose required to maintain control. 
Oral prednisolone is associated with an increased risk 
of infection and gestational diabetes, and complicates 
control of established diabetes. Its long term use has 
other potential side- effects for the mother, such as 
osteoporosis, but it should not be withheld if required 
to maintain control of maternal disease.

Emergency treatment of severe asthma
 O Assess ABC and resuscitate as needed.
 O Give a high concentration of oxygen via a face mask with 

reservoir bag or nasal cannula. Attach a pulse oximeter 
and maintain SaO2 in the range 94–98%. 

 O Sit the patient up.
 O Give nebulised salbutamol 5 mg driven with oxygen 

half- hourly to 4- hourly via a nebuliser (or 10–20 puffs 
of a beta-2- agonist inhaler, such as salbutamol or terb-
utaline, giving one puff at a time through a spacer with 
a mouthpiece or face mask).

 O Give oral prednisolone 30–60 mg, or if the patient is 
vomiting, IV/IM hydrocortisone 100 mg, followed by 

100 mg 6- hourly. (Note: steroids will not show benefi ts 
for a number of hours.) 

If the patient is not responding, or their condition is 
deteriorating:

 O Nebulised salbutamol may be given continuously.
 O In acute severe asthma, 2 g of magnesium sul-

phate IV in 50 mL of Ringer- lactate or Hartmann’s 
solution over 10–15 minutes can produce signifi cant 
bronchodilatation.

 O As an alternative to magnesium sulphate, and if the 
patient is not already on oral theophylline or other 
methylxanthines, give a loading dose of IV aminophyl-
line 250 mg over 15 minutes, monitoring the ECG for 
arrhythmias (if possible), followed by 1 mg/kg/hour by 
IV infusion.

 O IV salbutamol 250 micrograms over 10 minutes is an 
alternative to magnesium sulphate or aminophylline, 
followed by IV infusion of 1–5 micrograms/kg/minute 
(but monitoring ECG and checking K+ levels regularly 
is necessary; extra potassium may be needed, and 
monitoring of plasma K+ levels is essential if this drug 
is given IV).

 O In severe cases in the absence of other measures, 
adrenaline can be effective. It should be given subcu-
taneously or IM (dose = 500 micrograms to 1 mg), but 
may be given IV in life- threatening asthma as follows.

 — Place 1 mg of adrenaline in 10 mL of 0.9% saline and 
give 1 mL of this solution. Wait for 1 minute and then 
keep on repeating 1 mL doses IV every minute until 
the patient improves or the whole 1 mg (10 mL) has 

OXYGEN
Prop up in lateral tilt position

Salbutamol inhaler 100 micrograms/puff: 2 puffs over approximately 
1

 
minute

Continue oxygen

Shake salbutamol inhaler: 2 puffs over 
approximately 1 minute

Repeat x 5 cycles as long as improving, with 
each cycle given every 5–10 minutes

Is the mother 
improving? NOYES

Give oral prednisolone 30–60 mg,
or if not able to take oral medicine

hydrocortisone 100 mg IV/IM 6-hourly

Nebuliser driven by oxygen
Salbutamol 5 mg

Continuous salbutamol by nebuliser or 
inhaler (if nebuliser not available)

Repeat dose as soon as the last one 
finishes

IV aminophylline 250 mg as 
loading dose over 15 minutes
Then IV infusion of 1 mg/kg/

hour

Subcutaneous/IM
adrenaline 0.5–1 mg

If NOT improving

If NOT improving

In acute severe asthma, 2 g of magnesium sulphate IV 
in 50 mL of 0.9% saline over 10–15 minutes can 
improve respiratory function

FIGURE 2.7.B.1 Pathway of care for pregnant mother with severe asthma.
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been given. The risk of cardiac side effects (tachy-
cardia, cardiac arrhythmias) is low if adrenaline is 
given in this way.

 O In patients with poor respiratory effort, depressed con-
scious level and poor oxygenation despite maximum 
oxygen therapy:

 — Attempt to support ventilation with a bag- valve- mask.
 — Summon experienced support (an anaesthetist) if 
available, and consider intubation for mechanical 
ventilation with IV ketamine or halothane induction.

Indications for intubation and positive 
pressure ventilation (if available)
These include the following:

 O increasing exhaustion
 O progressive deterioration in clinical condition (e.g. a 

silent chest)
 — oxygenation decreasing and/or oxygen requirement 
increasing

 — pCO2 increasing (if measurable from arterial/capil-
lary gas)

 O sudden deterioration
 O massive atelectasis
 O pneumothorax.

If the patient is responding and improving, continue inhaled 
salbutamol as often as indicated.

Other measures
 O Reassure the patient, and avoid upsetting them by 

performing unnecessary invasive procedures.
 O Give IV steroids to cover labour/delivery for prevention 

of Addisonian crisis in patients with a history of taking 
signifi cant doses of oral steroids in the recent past, 
especially if long term.

 O Restrict IV fl uids to two- thirds of the normal requirements. 

 O Give antibiotics only if there are signs of infection (fever 
and other signs of pneumonia; chest X- ray may be 
helpful). 

 O When the patient has recovered, review their mainte-
nance treatment and inhaler technique. 

How to give drugs such as aminophylline 
or magnesium sulphate safely IV without 
syringe drivers or pumps

 O Bolus doses: 
 — The safest way to give these is slowly by hand using 
the syringe. 

 O IV infusions: 
 — Where volume overload is not an issue, the simplest 
method is to add the drug (e.g. aminophylline) to 
500- mL bags of Ringer- lactate or Hartmann’s solu-
tion or other available/appropriate fl uid and run over 
12–24 hours. 

 — Where volume overload is an issue, a microburette 
(if available) can be used to give small volumes of 
IV fl uids or drugs safely (see Figure 2.7.B.2). The 
chamber in the fi gure holds 100 mL (1 drop/second 
= 1 mL/minute).

FIGURE 2.7.B.2 Burette for careful infusion.
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2.7.C Anaphylaxis 

BOX 2.7.C.1 Minimum standards
 Q Adrenaline. 
 Q Hydrocortisone and prednisolone.
 Q Nebulised adrenaline.
 Q Antihistamine.
 Q Nebulised or inhaled salbutamol.

Introduction
Anaphylaxis is an allergic reaction to ingested, inhaled or 
topical substances, which may present as one or more of 
stridor, shock or respiratory distress. Common causes 
include allergy to penicillin, to radiographic contrast media, 
to blood transfusion, to insect bites and to certain foods, 
especially nuts. Anaphylaxis can occur with any drug.

Clinical features
Consider the possibility of anaphylaxis in a patient with any 
of the symptoms and signs listed in Table 2.7.C.1, especially 
when any of the following are present:

 O a history of previous severe reaction 
 O rapidly progressive or increasingly severe symptoms 
 O a history of asthma, eczema or rhinitis (atopy) 
 O current treatment with beta- blockers. 

This condition is potentially life- threatening, and may result 
in a change in conscious level, collapse, and respiratory or 
cardiac arrest. Some patients carry their own adrenaline.

Treatment
 O Remove or stop the allergen if possible.
 O Adrenaline 1 mg is given IM, unless there is intractable 

shock or cardiac arrest on presentation, in which case 
give adrenaline IV as follows:

 — Place 1 mg of adrenaline in 10 mL of 0.9% saline and 
give 0.5–1 mL of this solution. Wait for 1 minute and 
then keep on repeating 1 mL doses IV every minute 
until the patient improves or the whole 1 mg (10 mL) 
has been given.

 O IV/IM hydrocortisone, 100–300 mg (if IV by slow injection) 
or oral prednisolone 40 mg stat.

 O Nebulised adrenaline if there is stridor.
 O Nebulised salbutamol 5 mg by oxygen driven nebulizer 

or adrenaline if there is wheezing.
 O Antihistamine: chlorphenamine 10–20 mg by slow intra-

venous injection.
 O Intubation and ventilation (if available) will be required 

for severe cases.

TABLE 2.7.C.1 Anaphylaxis: symptoms and signs

Mild

Symptoms Burning sensation in mouth 

Itching of lips, mouth and throat 

Feeling of warmth 

Nausea

Abdominal pain

Signs Urticarial rash

Angio- oedema

Conjunctivitis

Moderate 

Symptoms Coughing and/or wheezing 

Loose bowel movements 

Sweating 

Irritability

Signs Bronchospasm

Tachycardia

Pallor

Severe 

Symptoms Diffi culty breathing

Collapse

Vomiting

Uncontrolled defecation

Signs Severe bronchospasm

Laryngeal oedema

Shock

Respiratory arrest

Cardiac arrest

Mild anaphylaxis can lead to moderate and then severe 
anaphylaxis, and then to death, unless treated.
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Remove 
allergen

Assess airway

Assess 
breathing

Assess 
circulation

Partial 
obstruction/

stridor

Complete 
obstruction

Adrenaline 0.5 – 1 mg IM (0.5 –1 mL of 1 in 
1000)
Nebulised adrenaline 5 mL of 1 in 1000
Repeat nebuliser every 10 minutes as 
required
Hydrocortisone 100 mg IV 6-hourly

Intubation or surgical airway 

Wheeze

Apnoea

Adrenaline 1 mg IM (1 mL of 1 in 1000)
Nebulised adrenaline 5 mL of 1 in 1000 or 
salbutamol 5 mg using oxygen if possible
Repeat nebuliser every 10 minutes as 
required
Hydrocortisone 100 mg IV 6-hourly
If no response aminophylline 250 mg in 10 mL 
0.9% saline IV over 15 minutes

Bag-mask ventilation

No pulse

Shock

Cardiac compressions plus bag-mask 
ventilation

Reassess ABC

Ringer-lactate or Hartmann’s 500 mL to 1 L IV 
rapidly as bolus

Observe

Airway 
deterioration

No 
problem

No 
problem

No 
problem

No 
problem

REPEAT ADRENALINE 1 mg IM 
(1 mL of 1 in 1000)  EVERY 10 

MINUTES AS LONG AS SEVERE 
ANAPHYLAXIS CONTINUES

FIGURE 2.7.C.1 Pathway of care for anaphylaxis in pregnancy. ABC, airway, breathing and circulation.
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Two children with pneumonia receiving oxygen from one oxygen concentrator; the only one available in a ward of 26 beds.

Two senior midwives in Liberia trained in advanced obstetrics undertaking an emergency Caesarean section.
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2.7.D Diabetes mellitus

BOX 2.7.D.1 Minimum standards
 Q Insulin.
 Q Blood glucose measurements.
 Q 0.9% saline or Plasma- Lyte 148.
 Q Oral and IV potassium.
 Q Mannitol.
 Q Nasogastric tube.

Introduction
Diabetes mellitus is associated with increased maternal 
mortality and morbidity, as well as increased perinatal 
mortality and morbidity, including congenital malformations. 
Pregnancy causes changes in the maternal physiology to 
make it a diabetogenic state. Women who have pre- existing 
diabetes have an increased insulin requirement in preg-
nancy. Previously healthy women may develop gestational 
diabetes. Both type 2 diabetes and gestational diabetes 
are more common in certain ethnic groups, including South 
Asians, and are more common in those with a high body 
mass index (BMI).

Before the discovery of insulin, maternal mortality in dia-
betics and perinatal mortality in their infants were extremely 
high. Insulin has led to a dramatic improvement in maternal 
survival, but in comparison with non- diabetic pregnancy 
there is still a three-  to fi vefold increase in perinatal mortality, 
and an increase in congenital malformations. These risks 
can be reduced by strict attention to the control of the 
diabetes both before and during pregnancy.

Diabetes predisposes to pre- eclampsia.

Management 
Before pregnancy

 O Advise any diabetics of reproductive age about the 
importance of close monitoring and modifi ed treatment 
in pregnancy.

 O Obesity: give dietary advice. 
 O Tight control of diabetes: aim for blood glucose levels 

of less than 7.5 mmol/litre and HbA1c levels within 
normal limits.

 O The mother should take folic acid 5 mg daily if planning 
pregnancy.

In early pregnancy
 O Nausea and vomiting are common.
 O Hypoglycaemia is common in insulin- treated diabetes. 

Provide glucagon at home if possible, and explain its use 
to other household members. Alternatively, counsel the 
patient to keep sugar- containing foods close by. Inform 
the patient and others about the signs of hypoglycaemia. 

 O It is not always necessary to convert mothers treated 
with oral hypoglycaemic agents to insulin. Metformin is 
commonly used in these circumstances (initially 500 mg 
with breakfast for 1 week, then 500 mg twice daily with 
breakfast and tea, and then 500 mg three times daily 
with breakfast, lunch and tea). 

 O As soon as possible, assess the gestational age. Early 
ultrasound scan can detect anencephaly, but 20 weeks’ 

gestation is usually the best time to look at the spine 
and heart if facilities are available. 

During pregnancy
Type 1 diabetes (insulin dependent)
Close control of diabetes is needed. Expect insulin require-
ments to increase by up to 50% above pre- pregnant levels. 
There is an increased risk of congenital abnormalities, 
macrosomia, polyhydramnios, preterm labour and pre- 
eclampsia. Plan delivery with care. The risks of infection 
and development of diabetic ketoacidosis are high. Signs 
of hyperglycaemia include a gradual onset of drowsiness 
and polyuria, dehydration, hypotension, diffi culty breathing, 
and a ketotic smell to the breath. Signs and symptoms of 
hypoglycaemia may be of rapid onset, leading to uncon-
sciousness, particularly if the mother has taken insulin 
but has not taken her usual food. Awareness of impend-
ing hypoglycaemia in those with type 1 diabetes is often 
reduced in pregnancy. These patients must be advised 
about the possible effects on safety during driving. 

The insulin requirement often escalates rapidly, espe-
cially in the late second and early third trimester, and in 
order to maintain control of the blood glucose, frequent 
medical review every 1 to 2 weeks coupled with frequent 
self- assessment of blood glucose levels, is likely to be 
required for women with type 1 diabetes.

Type 2 diabetes
Women who are diet- controlled before pregnancy require 
careful monitoring of blood sugar levels in pregnancy, and 
may need metformin and/or insulin.

Gestational diabetes
This is often undiagnosed, and should be suspected if any 
of the following are present:

 O a family history of diabetes
 O a past history of a large baby, stillbirth or gestational 

diabetes
 O recurrent glycosuria
 O a high BMI (overweight)
 O a relevant ethnic background.

All women with diabetes should ideally be monitored more 
regularly in the antenatal clinic for complications such as 

Diagnosis of diabetes with a glucose 
tolerance test 

TABLE 2.7.D.1 Seventy- five- gram oral glucose loading dose 
results

Fasting plasma 
glucose 
concentration 
(mmol/litre)

2- hour plasma 
glucose 
concentration 
(mmol/litre)

Diabetes > 8 > 11

Gestational impaired 
glucose tolerance

6–8 9–11

Normal < 6 < 9
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pre- eclampsia, polyhydramnios and a large or small for 
gestational age infant.

Management of delivery in women with 
diabetes
For spontaneous labour, induction of labour and elective 
Caesarean section:
1 Measure glucose on admission and hourly during labour.
2 Site an IV line with 500 mL of 0.9% saline containing 

10% dextrose and potassium chloride 10 mmol, and 
give at a rate of 60 mL/hour.

Avoid the routine use of insulin in labour in low resource 
settings because of lack of experience and lack of blood 
glucose stick tests. In mothers who were using insulin dur-
ing pregnancy and those where blood glucose is > 7 mmol/
litre on two successive occasions one hour apart in labour, 
the insulin requirements shown in Table 2.7.D.2 below can 
be used.

TABLE 2.7.D.2 Insulin requirements

Blood glucose 
concentration (mmol/litre)

Hourly subcutaneous 
injections of insulin

< 2.0 No insulin; dextrose only

2.0–4.0 1 unit

4.1–9.0 2 units

9.1–11.0 3 units

11.1–16.9 4 units

NOTE: for blood glucose, 1 mmol/litre = 18 mg/dL

 O If the glucose level is > 17 mmol/litre, expert advice 
should be sought.

 O Aim for a glucose level of 4–9 mmol/litre.
 O Reduce insulin by half at delivery, and aim to resume the 

pre- pregnancy insulin dosage 24 hours after delivery. 
If the mother is breastfeeding, her insulin requirement 
may be lower.

 O Women who have developed gestational diabetes 
usually have normal blood glucose levels soon after 
the delivery of the placenta. Their diabetic medication 
should be stopped postnatally, and their blood sugar 
levels should be monitored.

 O Mothers who have had gestational diabetes should have 
a glucose tolerance test at 6 weeks postnatally. They 
are at risk of developing type 2 diabetes, and appro-
priate dietary and lifestyle advice should be provided. 
A fasting blood glucose test annually should also be 
recommended.

Diabetic ketoacidosis (DKA)
DKA is the commonest endocrine emergency, and should 
be suspected in patients with any of the following:

 O dehydration
 O abdominal pain
 O ketone smell on the breath
 O acidosis
 O acidotic breathing
 O unexplained coma.

Patients die from hypokalaemia and cerebral oedema.
Patients who are 5% dehydrated or less and are not 

clinically unwell usually tolerate oral rehydration and sub-
cutaneous insulin.

Patients who are more than 5% dehydrated, or who are 
vomiting or drowsy or clinically acidotic, need emergency 
care as follows.

Primary assessment and resuscitation 
Airway

 O If the airway is not open, use an airway- opening 
manoeuvre, and consider an airway adjunct such as 
an oropharyngeal airway or intubation (if available and 
subsequently supported). 

 O The nares and oropharynx may need gentle suctioning 
under direct observation.

 O If the patient is unconscious and the airway is unpro-
tected, the recovery position should be adopted to 
minimise the risk of aspiration of vomit. 

Breathing
Give a high concentration of oxygen through a face mask 
with a reservoir, if the airway is adequate.

If breathing is inadequate, ventilate with oxygen via a 
bag- valve- mask- reservoir device, and ask for experienced 
senior help to intubate (if this is available and sustainable).

Circulation
 O Gain IV access using a short wide- bore cannula (14-  to 

16G). 
 O External or internal jugular vein access is an option if 

peripheral access is impossible. Long saphenous vein 
cut- down may also be considered. 

 O Take blood for a full blood count, urea and electrolytes, 
blood culture, cross- matching, glucose stick test and 
laboratory blood glucose (if available).

 O Give a 500- mL rapid IV bolus of 0.9% saline or Plasma- 
Lyte 148.

 O An antibiotic such as cefotaxime 1 gram IV 6- hourly, 
or the locally available equivalent, is an appropriate 
antibiotic for those in whom an infection is likely to have 
precipitated the DKA. Although, of course, antibiotic 
therapy must be tailored to the specifi c cause.

Diagnosis
 O History:

 — polydipsia
 — polyuria
 — weight loss. 

 O Clinical:
 — acidotic respiration
 — dehydration
 — drowsiness
 — abdominal pain and/or vomiting. 

 O Biochemical:
 — high blood glucose on fi nger- prick test
 — ketones and glucose in urine. 

Secondary assessment and emergency 
treatment
The following in particular need to be assessed.

Degree of dehydration 
 O 3%: dehydration is only just clinically detectable
 O 3–5%: dry mucous membranes and reduced skin 

turgor 
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 O 5–8%: as above, with sunken eyes and poor capillary 
return

 O > 8% with shock: severely ill with poor perfusion, thready 
rapid pulse and reduced blood pressure.

Conscious level
 O Assess AVPU. 
 O Institute hourly neurological observations.
 O If the patient is less than Alert on admission, or their 

conscious level deteriorates, record the Glasgow Coma 
Scale score.

 O Consider instituting cerebral oedema management (if 
available).

Cerebral oedema
Look for irritability, slow pulse, high blood pressure and 
papilloedema (a late sign).

Infection
DKA can cause a leucocytosis but not fever. If fever is 
present, look for and treat infection.

Ileus
 O Insert a nasogastric tube.
 O Ensure by clinical assessment, and by abdominal X- ray 

if appropriate, that there is no other cause of the acute 
abdomen, including intestinal obstruction.

Observations
 O Strict fl uid balance and urine testing of every sample.
 O Hourly capillary blood glucose measurements.
 O Twice daily weights.
 O Initially hourly or more frequent neurological observations.
 O Report immediately to medical staff (even at night) symp-

toms of headache or any change in either conscious 
level or behaviour.

 O Report any changes in the ECG trace, especially T- wave 
changes (monitoring for hypokalaemia).

Investigations
 O When it is safe to do so, weigh the patient. If this is not 

possible, use recent clinic weight or an estimated weight. 
 O Blood glucose. 
 O Urea and electrolytes (if available). 
 O Bicarbonate or arterial blood gases (if available). 
 O Haematocrit and full blood count. 
 O Blood culture. 
 O Urine microscopy, culture and sensitivity; check for 

ketones. 
 O Monitor the ECG to observe T waves (if available):

 — hypokalaemia causes fl at T waves
 — hyperkalaemia causes peaked T waves. 

 O Other investigations if indicated (e.g. if fever is present). 

Additional emergency treatment
General

 O After resuscitation with fl uid boluses, calculate the fl uid 
requirement (see below). 

 O Avoid excessive fl uid replacement, as this is a risk factor 
for cerebral oedema. 

 O Do not give hypotonic IV solutions (e.g. 0.18% saline 
with 4% glucose, or 5% glucose): they are risk factors 
for cerebral oedema. 

 O Continue to give IV fl uids until the patient is drinking. 

 O After fl uids are running, calculate the rate of insulin infu-
sion (blood glucose levels will already be falling). 

 O Use a continuous low- dose IV infusion of insulin (there 
is no need for an initial bolus), or in resource- limited 
situations use regular subcutaneous injections of short- 
acting insulin based on a sliding scale according to blood 
glucose measurements. Details below.

 O Continue to give IV fl uids until the patient is tolerating 
enteral fl uids.

Fluid and electrolyte management
 O Calculate the patient’s fl uid requirement. This is equal to 

maintenance plus defi cit (see Figure 2.7.D.1).
 — Maintenance 
 — Defi cit (litres) = percentage dehydration × body weight 
(kg)/100

 — Only plan to correct up to an 8% defi cit, as any more 
risks over- infusion.

 O Ignore the volume of fl uids used to resuscitate/treat 
shock. 

 O Give the total fl uid requirement over 24 hours: 

Glucose > 12 mmol/litre: give 0.9% saline or Plasma- Lyte 
148.

Glucose < 12 mmol/litre: give 0.9% saline or Plasma- 
Lyte 148 containing 5% dextrose (by adding 100 mL of 50% 
glucose to 900 mL of 0.9% saline or Plasma- Lyte 148).

Sodium 135–155 mmol/litre: correct by rehydration 
over 24 hours.

Sodium > 155 mmol/litre: correct by rehydration over 
48 hours using 0.9% saline or Plasma- Lyte 148.

Expect the sodium level to rise initially as the glucose 
level falls and water is removed from the circulation.

If the plasma sodium level initially falls (as well as the 
glucose level), this may precipitate cerebral oedema.

Bicarbonate
 O Administration of bicarbonate is rarely, if ever, 

necessary. 
 O Continuing acidosis usually indicates insuffi cient fl uid 

resuscitation. 
 O Consider the use of bicarbonate in patients who are pro-

foundly acidotic (pH < 7.0 if measurable) and shocked. 
Its only purpose is to improve cardiac contractility in 
severe shock. 

The maximum volume of 8.4% sodium bicarbonate for 
half- correction of acidosis is calculated according to the 
following formula, and given over 60 minutes:

Volume (mL 8.4% NaHCO3) =

 1/3 × weight (kg) × base deficit (mmol/litre)

2

If blood gas analysis cannot be undertaken:
 O The kidneys will resolve the acidosis (if they are working) 

if the patient receives adequate fl uid and insulin therapy. 
 O If you cannot measure pH, then do not give bicarbonate 

except in extremis.

Potassium
In diabetic ketoacidosis there is always massive depletion 
of total body potassium, although initial plasma levels may 
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Airway

Breathing

100% oxygen – 
face mask + 

reservoir

Circulation
If 24  pregnant 
or more, LATERAL 

TILT

If shocked: 
500–1000 mL 0.9% 
saline or Plasmalyte 

148  IV

· Measure blood glucose hourly at first (stick test, checked with lab), U & E, 
ideally blood gas, blood culture, urine

· Assess degree of dehydration (weight)
· Assess AVPU
· Look for fever (= infection)
· Insert nasogastric tube (ileus is usually present)
· Accurate fluid balance (consider urinary catheter)
· Neurological assessments hourly
· ECG for hypokalaemia

Fluids = maintenance1 + deficit2 

(calculate as no greater than 8% 
dehydrated)

Position: sniffing/nose in air
Head tilt – chin lift
Jaw thrust
Oropharyngeal airway
Intubation

Rescue breaths – self-inflating bag and mask 
with reservoir 100% O2

Closed

Open

Yes

No

2 Weigh or estimate weight
% dehydration x weight (kg) × 10 = 
deficit (mL)

1 e.g. for a 70-kg patient, 
fluid needed per day: 2400 mL
fluid needed per hour: 100 mL

Give over 24 
hours

Blood glucose >12 mmol/L – 0.9% saline 
Blood glucose <12 mmol/L – 0.9% saline + 5% 
glucose
· Watch Na+ carefully – avoid rapid falls (cerebral 

oedema risk)
· Replace any large gastric aspirates as 0.9% 

saline + 5 mmol/L KCl

Potassium
Add 10 mmol KCl to every 500 mL unit of IV fluid
OR
Give proportion of fluids enterally as ORS plus 25–50 
mmol of KCl orally 12-hourly

Insulin
0.6-units/kg/dose of short-acting soluble insulin 6- 
hourly subcutaneously
OR
0.1 units/kg/hour of short-acting soluble insulin IV 
(ONLY if safe and well resourced)

If cerebral oedema
Mannitol 100 mL of 20% IV (20 grams)
2/3 maintenance IV fluids
Keep Na+ >135 mmol/L
Avoid fever >38 degree 
Head midline and 30 degrees elevated

weeks’

Celsius

FIGURE 2.7.D.1 Pathway of care for severe diabetic ketoacidosis in pregnancy. AVPU scale: alert, responds to verbal stimulus, responds to 
pain, unresponsive; ORS, oral rehydration solution.

be low, normal or even high. Levels in the blood will fall 
once insulin is started.

Do not give potassium if any of the following are present: 
 O anuria 
 O peaked T waves on the ECG 
 O serum potassium level > 7.0 mmol/litre. 

If biochemical assessment of the K+ is not possible, it should 
be assumed that K+ replacement is necessary as long as the 
urine output is adequate, and there are no peaked T- waves 
present on the ECG (where available). 

 O In resource- limited settings, hypokalaemia is most 
safely corrected enterally using ORS with or without 

additional oral potassium supplements (aim for a total 
of 100 mmol/day). 

 O Potassium rich foods may also be given, e.g. coconut 
milk and bananas.

 O If oral supplementation is not possible or the patient 
is severely ill: start IV potassium supplements with 
20 mmol/litre of IV fl uid given after the start of initiating 
therapy with insulin and fl uids as long as suffi cient urine 
is being passed at > 30 mL/hour.

 O Run the IV infusion (20 mmol in 1 litre over 4 to 8 hours 
(42 to 84 drops per minute (dpm) if using a standard 
IV giving set with a drop factor of 20). It should not be 
given at a rate exceeding 20 mmol in 2 hours (126 dpm) 
as this is dangerous. Given the diffi culty in accurately 
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monitoring transfusion rates without an electronic pump, 
a large margin of error should be used.

 O Stop IV supplementation when the patient can take oral 
supplements. 

Insulin
In resource- limited settings, give subcutaneous doses of 
short- acting soluble insulin 6- hourly at 0.6 units/kg/dose 
(i.e. 0.1 units/kg/hour). Give half the dose if the blood sugar 
level is falling too fast.

Always have an IV glucose solution (10% or 50%) avail-
able to treat any hypoglycaemia that develops. 

In well- resourced settings, make up a solution of 
1 unit/mL of human soluble insulin (e.g. Actrapid) by adding 
50 units of insulin to 50 mL of 0.9% saline or Plasma- Lyte 
148 in a syringe pump. Using a Y- connector, attach this 
to the IV fl uids that are already running. Do not add insulin 
directly to the fl uid bags. The solution should then run at 
0.1 units/kg/hour (0.1 mL/kg/hour).

 O If the blood glucose level falls by more than 5 mmol/
litre/hour, reduce the infusion rate to 0.05 units/kg/hour. 

 O If the blood glucose level is less than 12 mmol/litre, and 
a dextrose- containing fl uid has been started, consider 
reducing the insulin infusion rate. 

 O Do not stop the insulin infusion while dextrose is being 
infused, as insulin is required to switch off ketone 
production. 

 O If the blood glucose level falls below 7 mmol/litre, con-
sider adding extra glucose to the infusion. 

 O If the blood glucose level rises out of control, re- evaluate 
the patient for sepsis or another condition. 

 O Discontinue the insulin infusion 30 minutes after 
the first subcutaneous injection, to avoid rebound 
hyperglycaemia. 

Other management
Urine output

 O Urinary catheterisation may be useful in patients with 
impaired consciousness. 

 O Document all fl uid input and output.
 O Test all urine samples for glucose and ketones. 
 O If a massive diuresis continues, the fl uid input may need 

to be increased. 

Gastric aspirate
 O If large volumes of gastric aspirate occur, replace these 

volume for volume with 0.9% saline or Plasma- Lyte 148 
plus 5 mmol/litre potassium chloride (KCl). 

Biochemistry
 O Check urea and electrolytes, blood pH/bicarbonate (if 

available), and laboratory blood glucose 2 hours after 
the start of resuscitation, and then at least 4- hourly. 

 O Do not expect ketones to have disappeared completely 
before changing to subcutaneous insulin.

Never give an IV insulin infusion without a syringe driver. 
This is not safe. It is better to use a sliding scale of sub-
cutaneous rapid- acting insulin. 

Cerebral oedema
Cerebral oedema in DKA:

 O is unpredictable 
 O occurs more often in new diabetics 
 O has a mortality of around 80%. 

Signs and symptoms
These include the following:

 O headache
 O confusion
 O irritability
 O reduced conscious level
 O fi ts
 O small pupils
 O increasing blood pressure
 O slowing pulse
 O possible respiratory impairment.

Management
 O Exclude hypoglycaemia. 
 O Give 20 grams of 20% mannitol over 15 minutes as 

soon as cerebral oedema is suspected. Repeat 
every 4–6 hours. 

 O Restrict IV fl uids to two- thirds maintenance, and replace 
the defi cit over 72 hours rather than 24 hours. 

 O Arrange for the patient to be intubated. Keep the 
PaCO2 in the range 3.5–5.0 kPa (if this is possible and 
sustainable). 

 O Keep the sodium (Na+) concentration higher than 
135 mmol/litre. 

 O Keep the head in the midline and 30-degrees elevated. 

If there is a fever, treat it actively with environmental meas-
ures, or with paracetamol, if more than 38.0°C. 

2.7.E Reduced consciousness and coma 

Introduction
In resource- limited countries, severe pre- eclampsia, 
eclampsia, malaria, meningitis (including TB), HIV infec-
tion, head injury and drug ingestion are the most common 
causes of reduced conscious level and coma in pregnancy. 

Pathophysiology
Raised intracranial pressure (RICP) is an important com-
ponent of the most severe cases. This can occur gradually 

or rapidly (e.g. due to intracranial bleeding or cerebral 
oedema). The initial physiological compensating mecha-
nisms include a reduction in the volume of cerebrospinal 
fl uid and in the volume of venous blood within the cranium. 
However, when these fail, the cerebral perfusion pressure 
(CPP) falls and arterial blood fl ow to the brain is reduced.

Cerebral perfusion pressure (CPP) = mean arterial pres-
sure (MAP) – intracranial pressure (ICP).

A severely increased pressure within the skull will 
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cause pressure effects which are classically recognised 
in two main sites where brain tissue is pushed against the 
bone:
1 Central syndrome: cerebellar tonsils herniate through 

the foramen magnum. This is known as coning. The 
syndrome consists of slowing pulse, rising blood pres-
sure and irregular respiration. 

2 Uncal syndrome: the uncus (part of the hippocampal 
gyrus) is pushed through the tentorium. It may be uni-
lateral. This leads to third cranial nerve compression 
and ipsilateral dilated pupil, followed by oculomotor 
palsy and failure of lateral gaze. Later effects include 
hemiplegia. 

Raised intracranial pressure (RICP)
In a patient with impaired conscious level or with a Glasgow 
Coma Scale score of < 9, who was previously well and is 
not post- ictal, the following signs indicate raised ICP:

Absolute signs of raised ICP:

Papilloedema 

Absence of pulsation of retinal vessels

Signs suggesting raised ICP:

Abnormal oculo- 
cephalic refl exes

Do not test 
patients with neck 
injuries in this way

(a) Rotation of the head to the left or 
right normally causes the eyes to move 
in the opposite direction; abnormal 
if there is no response or a random 
response

(b) Flexure of neck usually causes eye 
gaze deviation upwards; abnormal if 
there is loss of this refl ex

Abnormal posture

May need to be 
elicited by a painful 
stimulus

(a) Decorticate: arms fl exed, legs 
extended

(b) Decerebrate: arms extended, legs 
extended (see Figure 5.16.A.3)

Abnormal pupillary 
responses

Unilateral or bilateral suggests raised 
ICP

Abnormal breathing 
patterns

Ranges from hyperventilation to 
Cheyne–Stokes breathing to apnoea

Cushing’s triad Slow pulse, raised blood pressure and 
abnormal pattern of breathing – a late 
sign of raised ICP 

Primary assessment and resuscitation 
ABC
Call for help. Ideally an anaesthetist should be present to 
manage the airway and support breathing.

The fi rst steps in the management of the patient with 
decreased conscious level are to assess and if necessary 
support airway, breathing and circulation.

Airway
The patient with a reduced level of consciousness is more 
likely to have a compromised airway as the tongue falls into 
the back of the mouth. There is also a risk of aspiration. 

Look, listen and feel
Assess the airway, open it if closed and keep it open, 

either by assigning someone to continue airway- opening 

manoeuvres or by using adjuncts such as an oropharyngeal 
airway (see Section 1.13). Never use such an airway if the 
patient is conscious enough to have a gag refl ex, as it may 
worsen airway obstruction and cause vomiting. Give oxy-
gen at a rate of 15 litre/minute or as high a fl ow rate as is 
available, via a tight- fi tting face mask with a reservoir bag. 
If an anaesthetist is present, intubation can be performed 
to protect the airway; otherwise adopt the recovery posi-
tion (see Figure 2.7.E.1). Careful suction of the nose and/
or mouth may be helpful.

Assess and stabilise.
ABC.

Give a high concentration of oxygen.

Inadequate
breathing

Insecure  
airway  

URGENT

 
Airway establishment and airway protection

Intubation and ventilation (if possible)

The patient will require support if:
 O breathing is insuffi cient
 O gag or cough refl ex is absent
 O GCS score is < 9, or AVPU score is P or U
 O there is impending herniation due to raised ICP
 O there is evidence of effects of inadequate breathing on 

other systems.

If the airway is adequate, give high concentration O2 and 
support breathing if required.

Breathing
Assess the breathing for depth and frequency, and give 
high- fl ow oxygen via a face mask and reservoir bag. If 
breathing is absent or inadequate (gasping or agonal 
breaths only), provide assisted ventilation using a bag- valve-
mask with a reservoir and oxygen. 

Inadequate airway and breathing in coma can lead to 
a rise in arterial pCO2 that can cause a dangerous rise in 
intracranial pressure.

Circulation
Inadequate perfusion of blood to the brain initially produces 
confusion and later causes coma. Measurement of the 
blood pressure in addition to other markers for shock is 

FIGURE 2.7.E.1 The semi-prone or recovery position.
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crucial in recognising hypovolaemia after haemorrhage, or 
unconsciousness after an eclamptic fi t with hypertension. 

If the intracranial pressure is high, cerebral perfusion will 
be compromised if hypotension occurs. However, exces-
sive fl uid administration should be avoided.

 O Establish IV access quickly.
 O Take blood samples and send them to the lab for a 

full blood count, blood smear for malarial parasites, 
electrolytes, liver function tests, blood glucose and 
blood culture.

Neurological failure
Assess neurological failure as follows:

 O Use the AVPU scale. 
 O Check blood glucose levels: If the blood sugar level 

is low or suspected to be low (< 2.5 mmol/litre or 
< 45 mg/dL), give 100 mL of 25% glucose IV over 
15 minutes (dilute 50 mL of 50% glucose with 50 mL 
of Ringer- lactate or Hartmann’s solution) and then give 
10% dextrose in Ringer- lactate or Hartmann’s solution 
over 4 hours (add 100 mL of 50% glucose to each 
400 mL of Ringer- lactate or Hartmann’s solution infused). 

 O Check the pupils for signs suggesting raised intrac-
ranial pressure (RICP) or opiate overdose. 

 O Check for neck stiffness which may suggest meningitis.
 O Look for other signs of raised intracranial pressure, as 

outlined above. 

Further assessment of conscious level can be aided by 
the Glasgow Coma Scale score and documentation of 
pupil function.

TABLE 2.7.E.1 Glasgow Coma Scale (GCS) 

Response Score

Eye opening

Spontaneously
To verbal stimuli
To pain
No response to pain

4
3
2
1

Best motor response

Obeys verbal command
Localises to pain
Withdraws from pain
Abnormal fl exion to pain (decorticate) 
Abnormal extension to pain (decerebrate)
No response to pain

6
5
4
3
2
1

Best verbal response

Orientated and converses
Disorientated and converses
Inappropriate words
Incomprehensible sounds
No response to pain

5
4
3
2
1

Total

A GCS score of < 9 is likely to need airway protection by 
intubation if skills are available to undertake this safely. 

TABLE 2.7.E.2 Pupillary changes

Pupil size and 
reactivity

Causes

Small reactive 
pupils 

Metabolic disorders

Medullary lesion

Pinpoint pupil Metabolic disorders

Narcotic/organophosphate ingestion

Fixed mid- sized 
pupils 

Midbrain lesion

Fixed dilated 
pupils 

Hypothermia

Severe hypoxaemic/ischaemic brain injury

Barbiturate ingestion (late sign)

During and post seizure

Anticholinergic drugs

Unilateral dilated 
pupil

Rapidly expanding ipsilateral lesion

Tentorial herniation

Third cranial nerve lesion

Epileptic seizures

Secondary assessment and emergency 
treatment
Secondary assessment occurs after stabilisation of ABCD. 
During secondary assessment, continue to monitor the 
patient, and if there is any change, reassess ABC and treat 
any residual problems.

Diagnostic pointers
As soon as possible during resuscitation, gain as much 
information about the history as possible:

 O the possibility of eclampsia, which means that magne-
sium sulphate may be required

 O recent trauma 
 O endemic area for infections such as malaria, sleeping 

sickness and encephalitis 
 O pre- existing neurological problem 
 O past history of epilepsy 
 O ingestion of poisons 
 O underlying chronic condition (renal, cardiac, diabetes). 

Remember to treat the treatable components. The cause 
of coma may not be certain, so it is always important to 
address ABC. If the patient’s condition is unstable or dete-
riorating, return to ABC. 

Always consider the possibility of eclampsia and 
the need for magnesium sulphate.

If there is no other clear cause for the coma treat 
with antibiotics for presumed meningitis (usually a third- 
generation cephalosporin, or whatever is locally available 
and appropriate), and in endemic areas, also treat as for 
cerebral malaria (see Section 2.8.D). 

Take the patient’s temperature (core and peripheral). 
 O Fever may be associated with sepsis (but lack of fever 

does not exclude sepsis) or poisoning (ecstasy, cocaine 
or salicylates). 

 O Hypothermia is found in poisoning with ethanol or 
barbiturates. 

Rash: purpura suggests meningococcal disease; bruises 
suggest trauma (consider domestic violence). 
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Evidence of poisoning, ingestion or drug use: smell, 
residue around nose/mouth, needle tracks.

Other issues in addition to ABC regarding the 
management of coma
The prognosis depends on the cause of coma and the 
state of the patient, in particular the level of conscious-
ness on admission, and the initial response to appropriate 
interventions. The presumptive cause of coma guides the 
treatment. Consider the following interventions:

 O Assess and maintain electrolyte balance (avoid 
hyponatraemia; use Ringer- lactate or Hartmann’s 
solution plus added 5% glucose, not 1/5 N dextrose 
saline. Add 50 mL of 50% glucose to each 450 mL of 
Ringer- lactate or Hartmann’s solution infused). If pos-
sible keep the serum sodium level in the normal range 
(135–145 mmol/litre). 

 O Treat seizures if present, and give prophylactic anticon-
vulsants if the patient has repeated seizures.

 O Insert a nasogastric tube to aspirate the stomach 
contents. Perform gastric lavage in circumstances such 
as drug ingestion. 

 O Regulate the body temperature, and avoid hyperther-
mia (i.e. temperatures above 37.5°C). 

 O Undertake appropriate medical management of RICP, 
if noted: 

 — Support ventilation (maintain a pCO2 of 3.5–5.0 kPa, 
if measurable). 

 — Give mannitol, 20 grams of 20% mannitol IV over 
15 minutes, 2- hourly as required, provided that the 
serum osmolality is not greater than 325 mOsm/litre 
(if measurable). 

 — Give dexamethasone (for oedema surrounding a 
space- occupying lesion) 10 mg initially IV, then 4 mg 
IV 6- hourly for 48 hours.

 O Catheterisation is needed for bladder care and output 
monitoring, as well as for avoidance of retention, which 
can worsen RICP.

 O Plan for continued regular clinical assessment, mainly 
nursing observations.

 O Prevent the patient from falling out of the bed. 
 O Provide nutritional support: parenteral and/or oral 

feeding to prevent malnutrition during the period of 
unconsciousness. 

 O Skin care: prevent bed sores by turning the patient. 
 O Eye padding: to avoid xerophthalmia. 
 O Family counselling, support and consent in the case 

of invasive procedures. 
 O Appropriate surgical intervention if indicated. 
 O Chest physiotherapy to avoid hypostatic pneumonia. 
 O Restrict fl uids to 60% of maintenance if evidence of 

water retention is seen. 
 O Prevent deep vein thrombosis by physiotherapy. 
 O Maintain oral and dental hygiene. 
 O Give appropriate care for central and peripheral venous 

access to avoid infection by maintaining sterility when 
handling the sites. 

 O Prevent hospital- acquired infection. 

Reassessment
When the patient is stable, undertake a full examination of 
systems and neurological examination.

 O Skin: rash, bruising, haemorrhage, neurocutaneous 
stigmata.

 O Scalp: trauma.
 O Ears/nose: discharge (blood, serous fl uid, infection).
 O Neck: tenderness, stiffness/rigidity.
 O Odour: poisoning, ingestion, metabolic disorders.
 O Abdomen: liver, spleen.
 O Eyes: pupils, fundi (papilloedema, retinal haemorrhages, 

sub- conjunctival haemorrhages), movements.

Also assess the following:
 O AVPU and Glasgow Coma Scale scores: re- evaluate 

regularly. 
 O Posture/tone: lateralisation. 
 O Deep tendon refl exes: lateralisation. 
 O If there are lateralising signs, and if the patient is stable 

enough, consider a CT scan (if available). 

The CT scan may show cerebral oedema, haemorrhages, 
or hypoxic/ischaemic encephalopathy.

Specifi c topics in coma
Meningitis or encephalitis
The following organisms cause meningitis:

 O Neisseria meningitides: 
 — risk of mortality (> 5%) and permanent serious neu-
rological sequelae. 

 O Haemophilus pneumonia: 
 — less common where routine Hib vaccination is 
available. 

 O Streptococcus pneumoniae: 
 — common in resource- limited countries 
 — occurs with underlying immune compromise, espe-
cially HIV infection 

Assess and stabilise ABC
Give high-concentration O2

URGENT:
Establish/protect airway 
(place into recovery position 
if unprotected and intubation 
is not possible)
Consider intubation and 
ventilation if possible

Establish IV access

Glucose stick test 

Rapid assessment of conscious 
level

Establish/protect airway as 
above

Identification and immediate 
treatment of the treatable

Reassess

Raised ICP management

Commence diagnostic work-up if possible
Inform specialist teams if available
May require transfer

Definitive care

Glucose 25%  IV 50 mL

< 2.5 mmol/L

Unresponsive

Alert or responds 
to voice or pain

Signs of raised 
ICP

FIGURE 2.7.E.2 Pathway of care in coma. ABC, airway, breathing 
and circulation; ICP, intracranial pressure.
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 — may follow a head injury if there is damage to the 
dura and/or meninges.

There is a risk of coning and death if a diagnostic lumbar 
puncture is performed in a patient with signifi cantly raised 
intracranial pressure.

Diagnosis of meningitis or encephalitis
Classic signs and symptoms include the following:

 O headache 

 O vomiting 
 O neck stiffness 
 O opisthotonus 
 O photophobia 
 O rash 
 O altered consciousness.

Poisoning (see Section 7.4).
Malaria in pregnancy (see Section 2.8.D).
Eclamptic coma (see Section 2.5.E).

2.8 Infections complicating pregnancy, delivery 
and after birth

2.8.A Pneumonia

BOX 2.8.A.1 Minimum standards
 Q Oxygen.
 Q Antibiotics (IV and oral).
 Q Chest X- ray.

Clinical fi ndings
A high fever is usually associated with pneumonia and 
bacterial tracheitis. In the absence of stridor and wheeze, 
breathing diffi culties in association with a signifi cant fever 
are likely to be due to pneumonia.

Examination of the chest may show reduced air entry, 
bronchial breathing and crepitations. Pleuritic chest pain, 
neck stiffness and abdominal pain may be present if there 
is pleural infl ammation. Pleural effusions and empyema are 
complications.

Always consider HIV infection and TB.

Emergency treatment of pneumonia
 O Assess ABC.
 O Give oxygen through nasal cannulae or mask depending 

on fl ow rate required to maintain saturation (if available) 
as below. 

 O Attach a pulse oximeter (if available).
 O Maintain SaO2 in the range 94–98%, with nasal cannulae 

at a fl ow rate usually up to 5 litres/minute or if necessary 
by face mask with higher fl ow rates. 

 O Give antibiotics for 7 days:
 — ampicillin 2 grams IV/IM 6- hourly plus gentamicin 
80 mg IV/IM 8- hourly or 5 mg/kg IV/IM every 24 hours 
for most cases of community- acquired pneumonia

 — cefuroxime 500 mg IV/IM 8- hourly or fl ucloxacillin 
500 mg IM or IV slowly every 6 hours for suspected or 
bacteriologically diagnosed Staphylococcus aureus

 — erythromycin 500 mg every 6 hours orally for 
Chlamydia or Mycoplasma pneumoniae

 — or whatever is available locally and appropriate.
 O Sit the patient upright.
 O Maintain hydration.

 — Extra fl uid may be needed to compensate for fl uid 
loss from fever. 

 — Fluid restriction may be needed because of inappro-
priate ADH secretion, revealed by oliguria < 30 mL 
per hour or rising blood urea levels.

 O Chest X- ray is indicated. 
 O Large pleural effusions/empyemas should be diagnosed 

where possible by ultrasound, and pleural drainage 
undertaken under ultrasound cover (do not place a chest 
drain into the heart, liver or an undiagnosed tumour 
or hydatid cyst) (see Section 8.3). Remember that in 
advanced pregnancy the diaphragm is elevated.

 — Effusions/empyemas adjacent to the heart on the left 
side may cause pericarditis and cardiac arrhythmias. 
(Listen regularly for a pericardial rub, and ideally 
monitor an ECG if available until the patient is stable.)
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2.8.B Severe dehydration and gastroenteritis 

BOX 2.8.B.1 Minimum standards
 Q IV fl uids containing appropriate amounts of sodium.
 Q Low- osmolarity oral rehydration solution (ORS).
 Q Nasogastric tubes.
 Q Urea and electrolyte measurements.
 Q Accurate weighing scales.

Introduction
Dehydration is loss of water, sodium and other essential 
electrolytes from the body. It causes death as a result of 
shock and electrolyte emergencies (see Section 2.5.A). 
Dehydration is a common cause of hospital admission, 
most commonly due to acute gastroenteritis and diabetic 
ketoacidosis (see Section 2.7.D). 

A rapid clinical assessment (with support from bio-
chemical tests, if rapidly available) in the very sick is the 

basis for treatment. The majority of patients can be treated 
with low- osmolarity oral rehydration solution (ORS) (by 
mouth or by nasogastric tube). 

In patients with coincidental severe malnutrition, it is 
safer to use ORS with a lower sodium content, such as 
ReSoMal. 

Classifi cation of dehydration
Dehydration is classifi ed according to clinical criteria. This 
may not apply in severe malnutrition, where caution 
is needed as signs may overlap and be misleading (see 
Section 5.10.B).

No dehydration (< 3% weight loss)
There are no clinical signs with this degree of dehydration, 
although there will be thirst in the fully conscious patient. The 
woman or girl who is not fully conscious will not feel thirsty.

ShockTwo peripheral IV lines or long 
saphenous line

500 mL to 1 L Ringer-lactate or 
Hartmann’s

Reassess

Repeat 500 mL to 1 L Ringer-
lactate or Hartmann’s

Conscious?

Maintenance fluids 
enterally

Fluids given by 
mouth or 

nasogastric tube
Vomiting?

IV fluids

Pass nasogastric 
tube if cannot 

drink

ORS (ReSoMal if 
severe 

malnutrition)

DO NOT USE IV FLUIDS 
CONTAINING LOW 

SODIUM

Ringer-lactate or Hartmann’s 
each 500 mL unit containing 

100 mL of 50% glucose 
(approximately 10% glucose) 
or containing 50 mL of 50% 
glucose (approximately 5% 

glucose) 

Give fluid over 24 
hours – deficit* Give fluid deficit* 

PLUS

Maintenance1

PLUS

Ongoing losses2

Measure plasma 
electrolytes if 

possible. Correct 
any sodium or 

potassium 
problem 

*Weigh or estimate weight
% dehydration x weight (kg) 

x 10 = deficit (mL)

Maintenance1

Ongoing losses2

1 e.g. for a 70-kg patient, 
fluid needed per day: 2400 mL
fluid needed per hour: 100 mL

2 For each diarrhoea stool = 
500 mL
For each vomit = 200 mL

Yes

No

Yes No

Yes

No

No shock

Shock

Watch for over-hydration (oedema of face) 
or cardiac failure: enlarged liver and basal 

lung crepitations), chest X-ray = 
pulmonary plethora or oedema

PLUS

PLUS

FIGURE 2.8.B.1 Pathway of care for gastroenteritis with severe dehydration (10% or more). ORS, oral rehydration solution.
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Some dehydration (3–9% weight loss)
The following clinical signs are seen:

 O increased thirst
 O dry mucous membranes
 O loss of skin turgor, tenting when pinched 
 O sunken eyes 
 O restless or irritable behaviour. 

Severe dehydration (* 10% weight loss)
The following clinical signs are seen:

 O more pronounced effects of the signs seen in moderate 
dehydration 

 O lack of urine output 
 O hypovolaemic shock, including: 

 — rapid and feeble pulse (radial pulse may be 
undetectable) 

 — low or undetectable blood pressure 
 — cool and poorly perfused extremities 
 — decreased capillary refi ll time (> 3 seconds): test this 
on the sternum of patients with light skins and on the 
thumbnail of those with dark skins 

 — peripheral cyanosis
 O rapid deep breathing (from acidosis) 
 O altered level of consciousness or coma. 

Emergency treatment of severe 
dehydration

 O Treat shock with an initial bolus of 1000 mL of Ringer- 
lactate or Hartmann’s solution (see Section 2.5.A).

 O Decide on the cause (e.g. acute gastroenteritis, diabetic 
ketoacidosis). 

 O Classify the extent of dehydration (see above). 
 O Calculate the fluid deficit (see below), add this to 

the maintenance and ongoing losses and give over 
24 hours. 

 O The major danger in rehydration (once shock has been 
treated) is causing the plasma sodium level to fall rapidly. 
This may increase the transfer of water into the brain 
and result in cerebral oedema.

 O Before the electrolyte results are known, or if such testing 
is not available, the safest fl uid to give is Ringer- lactate 
or Hartmann’s solution. 

If the serum sodium level is higher than 155 mmol/litre, aim 
to lower it slowly over 48 hours or longer.

Calculating fl uid requirements
Defi cit
If an accurate recent pre- illness weight is available, subtract 
the current weight to estimate lost fl uid (1 kg = 1 litre of fl uid).

For example, a mother who weighed 70 kg is seen with 
diarrhoea and a weight of 65 kg.

In this case the estimated fl uid loss is (70– 65) kg = 5 kg 
= 5000 mL defi cit (i.e. 7% dehydrated).

If no recent weight is available, or the weight value given 
is considered to be unreliable:

 O Decide the degree of dehydration. 
 O Weigh the patient. 
 O Use the formula: percentage dehydration × weight 

(kg) × 10 = defi cit (in mL).

For example, a mother whose weight is estimated to be 
70 kg is 8% dehydrated.

In this case the estimated fl uid loss is 8 × 70 × 10 = 
5600 mL (233 mL/hour if replaced over 24 hours).

Maintenance
Estimated maintenance fl uid requirements are 2400 mL/
day and 100 mL/hour.

Ongoing losses
 O For each diarrhoeal stool: 500 mL of ORS after each 

stool.
 O For each vomit: 200 mL of ORS after each vomit. Give 

small frequent volumes (e.g. 20 mL every minute) with 
a spoon or syringe or cup.

Add defi cit to maintenance and ongoing losses and 
aim to replace these over 24 hours.

For example, for a 70 kg mother who is 8% dehydrated, 
maintenance is 100 mL/hour, if there are no ongoing losses.

Total fl uids needed per hour = 233 mL/hour (defi cit) + 
100 mL/hour (maintenance) = 333 mL/hour.

Severe acute gastroenteritis in 
pregnancy
Gastroenteritis is a common cause of dehydration and 
shock. Management starts with ABC, followed by assess-
ment of the fl uid defi cit (extent of dehydration) and ongoing 
losses of fl uid. Weigh the patient and keep an accurate 
fl uid balance chart.

It is important to give fl uids that: 
 O correct the defi cit 
 O provide maintenance 
 O replace ongoing losses.

Differential diagnosis
Look for an abdominal mass or abdominal distension. 

Consider the following:
 O HIV infections
 O surgical conditions, such as acute appendicitis, perito-

nitis or bowel obstruction (if suspected, resuscitate and 
call for surgical opinion) 

 O typhoid (high- grade fever, rash, hepatosplenomegaly 
and toxicity) 

 O antibiotic- associated colitis 
 O (rarely) infl ammatory bowel disease. 

Treatment if not shocked
 O Start low- osmolarity oral rehydration solution (ORS) with 

1–2 litres over 2–4 hours. 
 O The carer should give small amounts of ORS (e.g. using 

a small cup) frequently. 
 O Gradually increase the amount as tolerated, using a 

tablespoon, cup or glass. 
 O After 12–24 hours, review progress with regard to 

rehydration and progress to the maintenance phase or 
continue rehydration. 

Severe dehydration (* 10% fl uid defi cit with 
or without clinical signs of shock)

 O If the patient is shocked, assess and manage ABC, give 
oxygen if available, and start IV fl uids immediately (use 
two intravenous lines if possible: use long saphenous 
vein cut- down or the external jugular vein if venous 
access is diffi cult). 
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 O Give a 500 mL or 1- litre bolus of Ringer- lactate or 
Hartmann’s solution IV as rapidly as possible. 

 O Reassess pulse, perfusion (capillary refi ll time) and men-
tal status, and repeat the bolus if these are still abnormal. 

 O Do not use low- sodium- containing IV fl uids such as 
0.18% saline with 4% glucose, which can be dan-
gerous (they can cause hyponatraemia and cerebral 
oedema). Instead use Ringer- lactate or Hartmann’s 
solution, ideally also containing 10% glucose (obtained 
by adding 100 mL of 50% glucose to each 500 mL).

 O Hypokalaemia is a major complication which needs 
urgent attention. Ideally measure serum K+ levels fre-
quently. Provided that the patient is passing urine and 
IV potassium can safely be given, it should be added to 
the IV fl uids given subsequent to the boluses given to 
treat shock. Ideally and if tolerated, potassium should 
be corrected by giving low osmolarity ORS enterally as 
soon as possible. 

If it is necessary to add potassium to IV fl uids given to 
correct dehydration, particularly if diarrhea is continuing 
and if measured serum K+ is < 2.0 mmol/litre or there 
are ECG signs of hypokalaemia, namely ST depression, 
T- wave reduction and prominent U waves, and only if 
safe to do so, great care must be taken. 

In acute depletion, an infusion at the rate of 0.1 to 
0.2 mmol/kg/hour (6 to12 mmol/hour for a woman 
weighing 60 kg) of IV potassium can be used and the 
serum K+ level checked after 3 hours. The potassium 
for injection must be diluted before use and thoroughly 
mixed before being given. The maximum concen-
tration of potassium that can be given through 
a peripheral vein is 40 mmol/litre. The maximum 
infusion rate of potassium is 0.5 mmol/kg/hour. 
Remember that Ringer- lactate or Hartmann’s solution 
both already contain 5 mmol/litre of potassium. 

Note: The injectable form of KCl usually contains 1.5 grams 
(i.e. 20 mmol of potassium in 10 mL), and can be given 
orally. The daily potassium requirement is 1–2.5 mmol/kg.

When shock has resolved, and the patient’s level of con-
sciousness has returned to normal, the remaining estimated 
deficit must be taken by mouth or by gastric tube, 
especially if severe malnutrition and/or anaemia is present 
(giving large fl uid volumes IV can precipitate heart failure).

Assess the patient’s hydration status frequently.

Oral fl uids
Recommendations for oral replacement therapy in gastro-
enteritis are as follows:

 O Give low- osmolarity ORS (containing 75 mmol/litre of 
sodium) or, if the latter is unavailable, ORS containing 
90 mmol/litre of sodium with an additional source of 
low- sodium fl uid (e.g. water). 

 O The amount given should be in the range 300–500 mL/
hour.

 O Giving high- osmolarity fl uids may contribute to hyper-
natraemia, whereas giving water alone, or low- salt 
drinks, may cause hyponatraemia. 

 O Oral glucose within ORS enhances electrolyte and water 
uptake in the gut. 

 O ‘Home- made’ ORS can be prepared by adding a pinch 
of salt (1 mL) and a handful of sugar (5 mL) to a glass of 
clean potable water (250 mL).

Intravenous fl uids
 O Even in patients who are drinking poorly, try to give 

enteral fl uids by mouth or by gastric tube until the IV 
infusion is running.

 O Use Ringer- lactate or Hartmann’s solution, which 
contains Na+ 131 mmol/litre, K+ 5 mmol/litre, HCO3

– 
29 mmol/litre and Ca2+ 2 mmol/litre. 

 O Hartmann’s solution has no glucose to prevent hypo-
glycaemia. This can be corrected by adding 100 mL of 
50% glucose to 500 mL of Ringer- lactate or Hartmann’s, 
giving approximately a 10% glucose solution (adding 
50 mL to 450 mL of Ringer- lactate or Hartmann’s gives 
a 5% solution).

 O Ringer- lactate or Hartmann’s solution with 5% dextrose 
added has the advantage of providing glucose to help 
to prevent hypoglycaemia.

 O See above regarding potassium supplementation.
 O It is dangerous to use plain 5% glucose solutions, 

or 0.18% saline plus 4% glucose. They do not 
contain adequate electrolytes, do not correct the 
acidosis or hypovolaemia, and can cause danger-
ous hyponatraemia.

 O All patients should start to receive some ORS (at the 
rate of about 300 mL/hour) when they can drink without 
diffi culty, which is usually within 1–2 hours. This provides 
additional base and potassium, which may not be 
adequately supplied by the IV fl uid. Alternatively, give 
as soon as possible by gastric tube.

Over- hydration
Signs of over- hydration include the following:

 O oedematous eyelids and generalised oedema, particu-
larly ankle, facial and sacral oedema 

 O cardiac failure, especially in severe malnutrition or 
protein- losing enteropathy. 

 — respiratory distress (raised rate and some chest wall 
recession)

 — tachycardia out of proportion to respiratory diffi culty 
 — raised jugular venous pressure 
 — gallop rhythm/murmur 
 — enlarged liver 
 — basal lung crepitations.

A chest X- ray may be helpful for showing pulmonary 
plethora or oedema.

Management of over- hydration
 O Stop giving ORS, but give plain water and food. 
 O Do not give a diuretic unless the patient is in cardiac 

failure.

When the oedema has resolved, resume giving ORS.
Reassess the following:

 O ABC 
 O circulatory and hydration status 
 O plasma electrolytes if possible 
 O urine output and urine electrolytes 
 O give fl uid according to plan; do not forget ongoing losses 
 O reassess regularly (including biochemistry if possible) 
 O do not forget glucose.
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2.8.C HIV/AIDS 

BOX 2.8.C.1 Minimum standards
 Q Prevention of mother- to- child transmission (PMTCT).
 Q Antiretroviral therapy (ART) for HIV- infected women.
 Q Health education and community support.

Introduction
Prevention of mother- to- child transmission (PMTCT) 
of the human immunodefi ciency virus (HIV) is possible, 
even in resource- limited settings, and the World Health 
Organization guidance (Recommendations for a Public 
Health Approach) published in 2010 on antiretroviral drugs 
for treating pregnant women and preventing HIV infection 
in infants suggests that elimination of mother- to- child 
transmission of HIV (MTCT) is a realistic public health goal.

Since the previous WHO guidance was published in 
2006, new evidence has emerged on the use of antiretroviral 
prophylaxis to prevent MTCT, on the optimal time to initiate 
antiretroviral therapy (ART), and on safe feeding practices 
for HIV- exposed infants. This section draws heavily from 
the WHO 2010 and 2013 guidelines, which should be used 
and adapted within local settings. Once implemented, these 
recommendations could reduce the risk of MTCT to less 
than 5% in breastfeeding populations (from a background 
risk of 35%), and to less than 2% in non- breastfeeding 
populations (from a background risk of 25%), and will 
ensure increased maternal and child survival.

A woman will only know her HIV status if she has had 
an HIV test. HIV tests may be performed as a bedside 
point of care test (using capillary blood) or within a labora-
tory. An HIV- positive mother will pass her antibodies to 
her baby. These are harmless and are usually cleared by 
18–24 months of age. It is transmission of the HIV virus that 
causes infection. An infant will have circulating maternal 
antibodies until 18–24 months of age, so the HIV antibody 
test is often not useful before this time, as it remains positive 
until the maternal antibodies have cleared.

When HIV infection is recent or the CD4 count is high, 
and a pregnant woman has no symptoms, HIV has little 
effect on pregnancy, and pregnancy has little effect on HIV. 
However, when HIV infection is advanced or the CD4 count 
is low, a woman is at risk of opportunistic infections, and 
HIV can directly affect the pregnancy, including increasing 
the risk of premature delivery, severe malaria and puerperal 
sepsis. 

MTCT can occur when the baby is in the uterus, during 
delivery or during breastfeeding. Pregnant women should 
be encouraged to be tested for HIV because, if they are 
found to be HIV- positive, there are interventions at each 
of these stages that reduce the risk of MTCT, and there 
is also treatment to preserve the mother’s own health. A 
negative HIV test provides an opportunity for health educa-
tion, including promoting safer sex (e.g. use of condoms) 
to avoid the woman becoming HIV infected, particularly 
during pregnancy. Acquiring HIV during pregnancy carries 
a high risk of transmitting HIV to an unborn baby. HIV- 
negative women should be offered a repeat HIV test in the 
third trimester.

‘Adult- to- child transmission’ or ‘vertical transmission’ 
are other ways of describing MTCT, and are sometimes felt 
to imply less blame. 

Prevention of mother- to- child 
transmission and ART in pregnancy
The WHO 2010 guidelines state that a woman with a 
CD4 count of ) 350 cells/mm3 (regardless of WHO clinical 
staging) or WHO clinical stage 3 or 4 (irrespective of CD4 
count) (WHO Case Defi nitions of HIV for Surveillance and 
Revised Clinical Staging and Immunological Classifi cation 
of HIV- Related Disease in Adults and Children, published 
in 2007) requires lifelong ART.

Updated consolidated ART guidelines published by the 
WHO in 2013 (www.who.int/hiv/pub/guidelines/arv2013/
art/artadults/en/index1.html) now recommend that all 
pregnant and breastfeeding women should be commenced 
on ART (one simplifi ed triple regimen), and that this should 
be maintained for at least the duration of MTCT risk (i.e. 
throughout breastfeeding). They suggest that, particularly 
in generalised epidemics, all pregnant and breastfeeding 
women with HIV should initiate ART as lifelong treatment. 
In pregnancy the focus is no longer on ‘when or what to 
start’ but on ‘whether to stop’ treatment after delivery. 
Ideally, a CD4 count should be obtained before deciding 
whether ART for PMTCT only (i.e. stopping after delivery) 
is an option.

As most women should continue ART following delivery, 
an effective link with HIV treatment programmes is essential. 

The WHO 2013 guidelines are simplifi ed, and they 
harmonise the approach to ART in adults and pregnancy. 
National programmes are encouraged to move from the 
previous Option ‘A’ to Option ‘B’ or ‘B+’.

Option B+: all pregnant and breastfeeding women 
infected with HIV should be started on ART as lifelong treat-
ment. This is particularly important in generalised epidemics 
where high fertility, long duration of breastfeeding, limited 
access to CD4 to determine ART eligibility, and high partner 
serodiscordance rates all increase the risks of transmission 
to the woman’s partner and babies.

Option B: in some countries (e.g. where CD4 counts 
are available), in the case of women who are not eligible 
for ART for their own health, consideration can be given 
to stopping the ARV regimen after the period of risk of 
mother- to- child transmission has ended.

Single- dose nevirapine (sdNVP) for women in labour is 
no longer recommended (unless it is combined with other 
ART) because it causes the virus to develop high levels of 
drug resistance.

Option A (from the 2010 WHO guidelines) is no longer 
recommended, although some countries may not have the 
resources necessary to use options B or B+.

The treatment focus is shifting to consider ART for the 
mother’s health, to utilise more effective ART drugs, and 
to extend coverage throughout the MTCT risk period. All 
women should be started on ART in pregnancy. 
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TABLE 2.8.C.1 WHO guidelines for ART in pregnancy for HIV- infected women who have not had previous ART

For pregnant women for PMTCT only For infants of mothers given a short course of ART for 
PMTCT

Option A 
(WHO 2010 
guidelines)

AZT twice a day from 14 weeks

sdNVP at onset of labour, and start AZT + 3TC for 7 days

Baby being breastfed:

daily NVP from birth until at least 4–6 weeks of age and 
until 1 week after breastfeeding has stopped

Baby being bottle- fed:

daily NVP or sdNVP + AZT twice a day until 4–6 weeks

Option B Preferred regimens: 

TDF + 3TC (or FTC) + EFV (as fi xed- dose combination)

Alternative regimens:

AZT + 3TC + EFV

or TDF + 3TC (or FTC) + EFV

Baby being breastfed: 

daily nevirapine (NVP) for 6 weeks 

Baby being bottle- fed: 

daily nevirapine (NVP) for 4–6 weeks 

or AZT twice a day for 4–6 weeks

For pregnant women being given lifelong ART For infants of mothers on lifelong ART

Option B+ Preferred regimens: 

TDF + 3TC (or FTC) + EFV (as fi xed- dose combination)

Alternative regimens:

AZT + 3TC + EFV 

or AZT + 3TC + NVP 

or TDF + 3TC (or FTC) + NVP

Baby being breastfed: 

daily nevirapine (NVP) for 6 weeks 

Baby being bottle- fed: 

daily nevirapine (NVP) for 4–6 weeks 

or AZT twice a day for 4–6 weeks 

Women diagnosed with HIV during labour or 
immediately postpartum
If a woman is diagnosed with HIV infection during labour 
or immediately postpartum, ART should be commenced 
immediately for PMTCT. This regimen can be modifi ed later 
when the woman has been assessed (with CD4 count) with 
regard to whether she requires lifelong ART for herself. 

Postpartum, women should be assessed and a CD4 count 
obtained. Ideally they should continue their triple- drug ART 
regimen lifelong unless their CD4 count is > 500 cells/mm3.

It will take weeks for the maternal viral load to be 
reduced, and therefore it is important to give the mother 
ART in labour which will cross the placenta (and enter the 
baby) in addition to starting ART prophylaxis in the infant. 

TABLE 2.8.C.2 WHO guidance for ART for women diagnosed with HIV in labour/immediately postpartum

For the mother For the infant

Option A sd- NVP in labour and AZT + 3TC twice a day for 1 week Baby being breastfed: 

Daily NVP from birth for 6 weeks, consider extending to 
12 weeks

Baby being bottle- fed: 

Daily NVP from birth for 6 weeks

Option B Start (triple) ART immediately. Continue until 1 week after 
exposure to breast milk has ended 

Option B+ Start (triple) ART immediately. Continue lifelong 

If a woman is diagnosed with HIV infection postpartum and 
plans replacement (formula or bottle) feeding, refer her for 
HIV care and evaluation for treatment.

HIV- exposed infants (children born to women with 
HIV) should be given co-trimoxazole prophylaxis from 
4–6 weeks of age, and this should be continued until HIV 
infection has been excluded and the infant is no longer at 
risk of acquiring HIV through breastfeeding (World Health 
Organization, Guidelines on Co- Trimoxazole Prophylaxis for 
HIV- Related Infections among Children, Adolescents and 
adults: recommendations for a public health approach, 
published in 2006).

Delivery
Labour can be a worrying time for the HIV- positive woman, 
particularly because of possible underlying fears about her 
own HIV infection and the risk of infecting her baby. She 
will need reassurance and support, and it is important to 
ensure she knows that with all of the interventions that 

are given her baby is more likely to be HIV- negative than 
infected.

Get close to her, greet her and be seen to shake hands 
with her, to help to reduce the stigma around touching those 
infected with HIV. Support her relatives, and encourage her 
to tell her partner so that he can be tested for HIV. Promote 
safer sex and advise her to use condoms to prevent trans-
mission of HIV.

Standard precautions should be used when caring for 
women in labour, whether or not they have HIV infection. 
Always wear gloves when touching body fl uids, and dispose 
of single- use syringes and needles safely.

During delivery, to reduce MTCT:
 O avoid artifi cial rupture of membranes
 O avoid prolonged rupture of membranes
 O avoid unnecessary episiotomy, but also avoid a tear.

Both blood and placenta will contain HIV, so wear gloves, 
an apron and eye protection. Avoid direct contact of blood 
on your skin. Blood on intact skin should be washed off 
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immediately. HIV- positive blood on an open wound or 
splashed into the eye can transmit HIV and should be 
washed immediately (use soap and water for a wound, 
and water for an eye) and managed in the same way as 
a needlestick injury (with post- exposure prophylaxis with 
ART). 

Other considerations for managing HIV 
infection in pregnancy
Anaemia
Screening for and treatment of anaemia should be routine 
in antenatal care for all pregnant women (World Health 
Organization, Pregnancy, Childbirth, Postpartum and 
Newborn Care: a guide for essential practice, 2nd edn, 
published in 2009). Iron supplements and folate supple-
ments in areas with a high prevalence of iron defi ciency 
are indicated for all pregnant women regardless of haemo-
globin levels. Iron should be continued for 3 months after 
delivery. If possible, antenatal screening for anaemia should 
include laboratory measurement of haemoglobin levels, but 
anaemia can be assessed clinically if this is not available. 

In women with severe anaemia, AZT should be avoided, 
and TDF or stavudine (d4T) should be used instead.

Malaria and worm infestations
The prevention and treatment of malaria and worm infesta-
tions is necessary in high- prevalence areas (see Sections 
2.8.D and 6.3.C).

HIV- 2 infection
HIV- 2 is much less transmissible than HIV- 1 (the MTCT 
risk is 0−4%). 

Non- nucleoside reverse transcriptase inhibitors 
(NNRTIs) such as NVP and EFV are not effective against 
HIV- 2, and a triple nucleoside reverse transcriptase inhibitor 
(NRTI) combination is recommended.

BOX 2.8.C.2 Treatment of HIV- 2 infection
Mother requires treatment: AZT + abacavir (ABC) + 3TC

PMTCT only: AZT from 14 weeks and continued until 
delivery

Infant of mother with HIV- 2: AZT twice a day until 
4–6 weeks

Tuberculosis
The risk of active TB increases in pregnancy, and is around 
10 times higher in HIV- infected women. It is associated 
with increased maternal mortality, premature labour, low 
birth weight and tuberculosis in the infant. HIV- infected 
women must be assessed for TB at each visit; any woman 
with a cough, fever, night sweats and weight loss should 
be evaluated for TB and started on TB treatment. ART is 
also required regardless of the CD4 count. Commence TB 
treatment fi rst, followed by ART as soon as clinically pos-
sible (within 8 weeks of starting TB treatment). 

Rifampicin interacts with many antiretroviral drugs, 
especially the boosted protease inhibitors. As is the case 
for all adults, EFV is the preferred NNRTI for HIV/TB co- 
infected pregnant women (starting after the fi rst trimester). 

For those women on TB therapy who are unable to tolerate 
EFV, give a NVP- based regime or a triple NRTI regimen 
such as AZT + 3TC + ABC or AZT + 3TC + TDF. In the 
presence of rifampicin, start full- dose NVP (a lead- in dose 
is not required).

Summary
Interventions during pregnancy, labour and delivery and 
postpartum can all signifi cantly reduce the risk of MTCT 
of HIV. Therefore all pregnant women should be tested 
for HIV. The WHO 2007 guidelines (www.who.int/hiv/pub/
mtct/pmtct_scaleup2007/en/index.html) summarise the 
essential services required for good- quality antenatal care, 
and these are listed below.

Package of routine quality antenatal and 
postpartum care for all women, regardless 
of HIV status
 1 Health education, information on HIV and sexually trans-

mitted infection (STI) prevention and care including safer 
sex practices, pregnancy including antenatal care, birth 
planning and delivery assistance, malaria prevention, 
optimal infant feeding; family planning counselling and 
related services.

 2 Provider- initiated HIV testing and counselling, including 
HIV testing and counselling for women of unknown 
status at labour and delivery, or postpartum.

 3 Couple and partner HIV testing and counselling, includ-
ing support for disclosure.

 4 Promotion and provision of condoms.
 5 HIV- related gender- based violence screening.
 6 Obstetric care, including history taking and physical 

examination.
 7 Maternal nutritional support.
 8 Infant feeding counselling.
 9 Psychosocial support.
 10 Birth planning, birth preparedness (including preg-

nancy/postpartum danger signs), including skilled birth 
attendants.

 11 Tetanus vaccination.
 12 Iron and folate supplementation.
 13 Syphilis screening and management of STIs.
 14 Harm reduction interventions for injecting drug users.

Additional package of services for HIV- 
positive women
 1 Additional counselling and support to encourage part-

ner testing, adoption of risk reduction and disclosure.
 2 Clinical evaluation, including clinical staging of HIV 

disease.
 3 Immunological assessment (CD4 cell count) where 

available.
 4 ART when indicated.
 5 Infant feeding counselling and support based on knowl-

edge of HIV status.
 6 ART prophylaxis for PMTCT provided during the 

antepartum, intrapartum and postpartum periods.
 7 Co- trimoxazole prophylaxis where indicated.
 8 Additional counselling and provision of services as 

appropriate to prevent unintended pregnancies.
 9 Supportive care, including adherence support.
 10 TB screening and treatment when indicated; preventive 

therapy (INH prophylaxis) when appropriate.
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 11 Advice and support on other prevention interventions, 
such as safe drinking water.

 12 Supportive care, including adherence support, and 
palliative care and symptom management.

Essential postnatal care for HIV- exposed 
infants
 1 Completion of ART prophylaxis regimen.
 2 Routine newborn and infant care, including routine 

immunisation and growth monitoring.
 3 Co- trimoxazole prophylaxis.
 4 Early HIV diagnostic testing and diagnosis of HIV- related 

conditions.
 5 Continued infant feeding counselling and support, 

especially after early HIV testing.

 6 Nutritional support throughout the fi rst year of life, 
including support for optimal infant feeding practices, 
and provision of nutritional supplements and replace-
ment foods if indicated.

 7 ART for HIV- infected children when indicated.
 8 Treatment monitoring for all children receiving ART.
 9 INH prophylaxis when indicated.
 10 Adherence support counselling for caregivers.
 11 Malaria prevention and treatment where indicated.
 12 Diagnosis and management of common childhood 

infections and conditions, and integrated management 
of childhood illness (IMCI).

 13 Diagnosis and management of TB and other oppor-
tunistic infections.

2.8.D Malaria 

Introduction
Malaria, particularly falciparum malaria, is an important 
cause of maternal mortality and postpartum morbidity, 
severe anaemia, miscarriage, intrauterine growth retarda-
tion, intrauterine death, stillbirth, premature delivery, low 
birth weight (LBW), and perinatal and neonatal morbidity. 

Plasmodium falciparum malaria is the most dangerous 
type. P. vivax malaria is less dangerous. Malaria destroys 
red blood cells and can harm the placenta. The main danger 
with falciparum malaria is cerebral malaria, which causes 
coma and death.

In most endemic areas of the world, pregnant women 
are the main adult risk group for malaria. The burden of 
malaria infection during pregnancy is chiefl y caused by 
Plasmodium falciparum, the most common malaria spe-
cies in Africa. The impact of the other three human malaria 
parasites (P. vivax, P. malariae and P. ovale) is less clear. 
Every year at least 30 million pregnancies occur among 
women in malarious areas of Africa, most of whom reside 
in areas of relatively stable malaria transmission.

In sub- Saharan Africa, poor nutrition, micronutrient 
imbalances (particularly vitamin A, zinc, iron and folate), HIV 
co- infection, poverty and limited access to effective primary 
healthcare and emergency obstetric services exacerbate 
the impact of pregnancy- associated malaria. 

In Africa, perinatal mortality due to malaria is around 
1500 deaths per day. In areas where malaria is endemic, 
20–40% of all babies born may have a low birth weight, 
increasing the likelihood of infant mortality. 

Malaria in pregnancy is a particular problem for women 
in their fi rst and second pregnancies, and for women who 
are HIV- positive.

Studies have shown that in high transmission zones 
more than 50% of women have placental malaria infec-
tions at birth. This increases the risk of HIV viral transfer 
(especially if the parasite load is high), and prevents the 
transfer of maternal antibodies protecting against measles. 

Malaria in pregnancy in low versus high 
transmission areas
The clinical presentation and severity of malaria in preg-
nancy differ in areas of high and low transmission due 

to differences in the level of immunity of the population. 
Although these settings are presented as two distinct 
epidemiologic conditions, in reality the intensity of trans-
mission and immunity in pregnant women occurs on a 
continuum, with potentially diverse conditions occurring 
within a country.

In areas of epidemic or low (unstable) malaria transmis-
sion, adult women have not acquired any signifi cant level 
of immunity and usually become ill when infected with P. 
falciparum malaria. Pregnant women resident in areas of 
low or unstable malaria transmission are at a two-  or three-
fold higher risk of developing severe disease as a result of 
malaria infection than are non- pregnant adults living in the 
same area. In these areas, maternal death may result either 
directly from severe malaria or indirectly from malaria- related 
severe anaemia. In addition, malaria infection of the mother 
may result in a range of adverse pregnancy outcomes, 
including spontaneous abortion, neonatal death, and low 
birth weight (LBW).

In areas of high and moderate (stable) transmission of 
malaria, most adult women have developed suffi cient immu-
nity that, even during pregnancy, P. falciparum infection 
does not usually result in fever or other clinical symptoms. 
In these areas, the principal impact of malaria infection is 
associated with malaria- related anaemia in the mother, and 
with the presence of parasites in the placenta. The resulting 
impairment of fetal nutrition contributing to low birth weight 
is a leading cause of poor infant survival and development. 
In areas of Africa with stable malaria transmission, P. fal-
ciparum infection during pregnancy is estimated to cause 
as many as 10 000 maternal deaths each year, 8–14% of 
all low- birth- weight babies, and 3–8% of all infant deaths.

The strategy for management of malaria in the preg-
nant population in areas of high transmission should 
include screening and treating of positive cases, intermit-
tent presumptive treatment (IPTp) for rapid diagnostic test 
(RDT)- negative cases and use of insecticide- treated bed 
nets (ITNs).

In high transmission areas, in women who are known 
to be HIV- positive, or where the prevalence of HIV exceeds 
10%, IPTp should be given monthly (and at least four times 
during pregnancy), see below.
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In areas of low transmission the risk of malaria infec-
tion during pregnancy is greater, and can result in maternal 
death, and in spontaneous abortion in up to 60% of cases. 
Silent malaria is rare. The strategy in these areas involves 

ITNs, screening and treatment of positive cases, chemo-
prophylaxis if possible, and early diagnosis and prompt 
effective treatment of malaria.

TABLE 2.8.D.1 Comparison of occurrence of complications in areas of high and low transmission

Complication Hyper- endemic areas Low transmission

Hypoglycaemia – ++

Severe anaemia +++ +++

Pulmonary oedema – ++

Acute renal failure – ++

Hyperpyrexia + +++

Placental malaria +++ +++

LBW babies +++ +++

Abortions – +++

Congenital malaria – +++

A pregnant woman who has not lived in a malarious area 
has no immunity. Therefore if she goes to a malarious area 
she is at risk of developing severe malaria. She must take 
tablets to prevent malaria before she goes to that area 
and throughout her pregnancy, and sleep under a bed net 
when she gets there.

If a mother has had malaria before, she will have some 
immunity. Unfortunately, pregnancy reduces immunity. She 
is at risk from severe anaemia, but the other complications 
are unusual. Often her blood fi lm will be negative, and she 
will have few symptoms. If she has fi ts they will probably be 
caused by eclampsia or meningitis, not malaria. 

Partially immune primigravid mothers are at particular 
risk, especially during the last trimester. Early teenage 
primigravida are at greatest risk. This risk decreases with 
further pregnancies.

Screening and treating pregnant 
women during antenatal care 
Since in most African countries over 70% of pregnant 
women make multiple antenatal clinic visits, these provide a 
major opportunity for prevention of malaria, along with other 
important diseases that affect pregnant women.

The rationale for screening and treating all pregnant 
women for malaria during routine antenatal care is that 
even one attack at any time during pregnancy can 
have serious consequences (i.e. low birth weight and 
maternal anaemia). 

There is a four- pronged approach to malaria prevention 
and control during pregnancy:
1 intermittent preventive treatment (IPTp)
2 insecticide- treated bed nets (ITNs), or preferably long- 

lasting insecticide- treated bed nets (LLINs)
3 indoor residual spraying (IRS) with insecticides
4 case management of malaria illness.

Intermittent preventive treatment (IPTp)
This involves providing all pregnant women with preventive 
treatment doses of an effective antimalarial drug during rou-
tine antenatal clinic visits. This approach has been shown 
to be safe, inexpensive and effective. A study in Malawi 
evaluating IPT showed a decline in placental infection (from 

32% to 23%) and in the number of low- birth- weight babies 
(from 23% to 10%). It also found that 75% of all pregnant 
women took advantage of IPTp when it was offered. 

The drug recommended at present is sulphadoxine/
pyrimethamine (SP, also called Fansidar). Starting as early 
as possible in the second trimester, IPTp- SP is recom-
mended for all pregnant women in Africa at each scheduled 
antenatal care (ANC) visit (four visits are recommended by 
WHO during every pregnancy) until the time of delivery, pro-
vided that the doses are given at least one month apart. SP 
should not be given during the fi rst trimester of pregnancy; 
however, the last dose of IPTp- SP can be administered up 
to the time of delivery without safety concerns. 

IPTp- SP should ideally be administered as directly 
observed therapy (DOT) of three tablets sulfadoxine/
pyrimethamine (each tablet containing 500 mg/25 mg SP) 
giving the total required dosage of 1500 mg/75 mg SP. 

In areas where malaria is very common and antenatal 
clinic attendance is poor, all mothers, especially all primi-
gravida, should be given a dose of SP when they fi rst come 
to the antenatal clinic after quickening (when the mother 
fi rst feels the fetus moving). 

Although high levels of resistance to SP occur in many 
countries, it is not known at what level of SP resistance 
IPTp still gives a positive outcome in terms of improved 
haemoglobin levels in the mother and higher birth weights. 
A preventative effect provided by SP seems to exist even 
at relatively high levels of resistance.

For pregnant women who are HIV- positive, the dosage 
schedule for IPT should be augmented to at least four doses 
of SP, starting in the second trimester, the doses being 
given at least 1 month apart. This increased frequency is 
also recommended for all pregnant women with unknown 
HIV status living in areas of high HIV prevalence (over 10%). 

Women who are HIV- positive experience increased 
vulnerability to malaria in all pregnancies, not just the fi rst 
two pregnancies. 

Note: HIV patients who are receiving co- trimoxazole 
preventive therapy should not take IPTp as adverse effects 
can occur.

Research to assess the safety, effi cacy and programme 
feasibility of other antimalarial drugs for use in IPTp is 
ongoing. 
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Weekly chloroquine has in the past been shown to be 
effective in preventing malaria in pregnancy, especially in 
the case of P. vivax malaria. Adherence to this regime and 
loss of effi cacy in the case of P. falciparum malaria make 
this regime less appropriate. 

Insecticide- treated bed nets (ITNs) and long- 
lasting insecticide- treated bed nets (LLINs) 
Nets decrease both the number of malaria cases and the 
malaria death rates in pregnant women. A study in an 
area of high malaria transmission in Kenya has shown that 
women who are protected by ITNs every night during their 
fi rst four pregnancies produce 25% fewer underweight or 
premature babies. In addition, ITN use benefi ts the infant 
who sleeps under the net with the mother, by decreasing 
their exposure to malaria infection. ITNs should be provided 
to pregnant women as early in pregnancy as possible, and 
their use should be encouraged for women throughout 
pregnancy and during the postpartum period. Health 
education programmes, social marketing and lobbying to 
reduce the prices of ITNs and re- treatments are helping to 
encourage the use of ITNs by pregnant women.

Indoor residual spraying (IRS) with 
insecticides
IRS involves applying a long- lasting (residual) insecticide 
to the inside walls of houses and other structures where 
people sleep, to kill mosquitoes when they rest on the walls. 
It is a highly effective malaria prevention method in settings 
where it is epidemiologically and logistically appropriate. IRS 
must be applied prior to the transmission season (either 
annually, or twice a year if there are continuous or multiple 
seasons of transmission), and is carried out by a trained 
cadre of workers who move through a community spraying 
all appropriate structures. Its full potential is realised when 
at least 80% of houses in targeted areas are sprayed. 
Indoor spraying is effective for 3–6 months, depending on 
the insecticide used and the type of surface on which it is 
sprayed. DDT can be effective for 9–12 months in some 
cases. Longer- lasting forms of IRS insecticides are under 
development. The WHO approves the following pyrethroid 
class of pesticides; lambda- cyhalothrin, bifenthrin, alpha- 
cypermethrin, deltamethrin, cyfl uthrin and etofenprox.

Case management of malarial illness
In areas of unstable (infrequent) P. falciparum malaria trans-
mission, non- immune pregnant women exposed to malaria 
require prompt case management of febrile illness. Although 
at present there are no fully effective tools to prevent malaria 
among non- immune women, ITNs will decrease exposure 
to infective mosquito bites, and thus would be expected 
to be of benefi t in decreasing symptomatic infections. 
Essential elements of the antenatal care package should 
therefore include malaria diagnosis, where available and 
needed, and treatment with antimalarial drugs that have an 
adequate safety and effi cacy profi le for use in pregnancy.

In view of the increasing evidence of the severe effects 
of malaria in pregnancy on both the woman and her unborn 
child, even when asymptomatic, all pregnant women pre-
senting for antenatal care or delivery should be tested using 
an RDT. Since the sensitivities of both RDT and smear to 
detect low parasitaemias in pregnancy are not infallible, both 
are recommended where this is programmatically possible. 
Where this is not possible, RDTs are to be preferred.

All women who are found to be positive should receive 
an effective antimalarial drug, namely quinine in the fi rst 
trimester and artemisinin- combination therapies (ACT) in the 
second and third trimesters. If they are found to be negative, 
they should receive a dose of SP as IPTp. Women should 
not be screened more often than monthly in the absence 
of signs or symptoms of malaria.

Patients with severe anaemia (haemoglobin < 7 g/dL) 
in a high transmission zone are in all probability infected, 
and should be treated with an effective antimalarial drug 
as well as iron/folic acid even if there are no other signs of 
malaria and negative smear or RDT, or if laboratory tests 
cannot be undertaken.

All patients with a positive biological test (RDT and/or 
microscopy) should be treated with an effective antimalarial 
drug. If you suspect malaria, but cannot examine a blood 
fi lm or do an RDT, treat the mother anyway.

Asymptomatic (placental) malaria has the same 
implications in pregnant women as symptomatic malaria. 
Asymptomatic women should be routinely tested and 
treated. 

In high transmission zones, many women suffer minor 
attacks of malaria for which they do not seek treatment. 
However, the placenta can still be infected. Women should 
be advised at each antenatal visit to come for treatment 
even if their symptoms are minor. Both RDTs and smears 
may miss cases of placental malaria. Because of the ina-
bility of biological tests to reliably detect placental malaria, 
patients with a negative biological test should receive SP as 
IPTp both to treat an undetected infection and to prevent 
further infection.

In low transmission zones, anaemia without a positive 
biological test and without symptoms or signs of malaria 
such as fever is probably due to other causes, and such 
patients should not automatically receive an antimalarial 
drug, but should be treated for the underlying cause (includ-
ing treatment with iron and folate tablets).

RDTs versus microscopy in pregnancy
There is indirect evidence that only 30% of cases with 
placental malaria show peripheral parasitaemias. Although 
there is little evidence, it is more likely that RDTs will detect 
sequestered parasites because of accumulated antigenic 
product.

In Thailand and Assam, studies found that RDTs missed 
cases of parasitaemia found on slides (2.5% of patients in 
Assam). This is a much lower number of cases than the 
number missed by smears.

Ideally, use of both RDT and microscopy would 
detect most cases. However, this is usually impractical in 
the fi eld setting. RDTs are preferable to microscopy in this 
setting for the detection of subclinical infections.

In cases of P. vivax malaria, placental malaria is dif-
fi cult to detect. However, placental P. vivax malaria occurs 
infrequently because vivax malaria does not sequestrate. 
Detection of parasites in vivax is best done by microscopy. 

Treatment of malaria
Drug safety in pregnancy
Guidelines on the treatment of malaria in pregnancy are 
made diffi cult by the lack of evidence about the safety of 
ACTs in pregnancy.

The recommendation is to ask the woman if she is 
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pregnant, and if she is not, to treat her with ACT. This is 
a pragmatic recommendation based on the fact that no 
serious adverse effects have yet been recorded in women 
who were inadvertently given ACT in the fi rst trimester, and 
the fact that a 7- day course of quinine is rarely adhered to. 

As a change from previous recommendations, the 
combination of artemether and lumefantrine (AL) is now 
considered as safe (or as unsafe) as the other combinations 
of AS + AQ, AS + SP and AS + MQ.

Drug resistance of P. falciparum to chloroquine and the 
antifolates has arisen throughout malaria- endemic areas.

Combination therapy (artemisinin- combination thera-
pies, or ACTs) is considered best for malaria management 
(artemisinin- based compounds in combination with other 
classes of antimalarial drugs).

ACTs are highly effective and may help to delay develop-
ment of resistance. It is important to ensure wide access 
to these drugs through effective delivery systems and 
affordable cost.

The risks of ACT in the second and third trimester are 
low. During these phases of pregnancy, ACTs should be 
used to treat both clinical and subclinical infections, due to 
the serious outcomes of these infections. 

Quinine should always be used in the fi rst trimester. 
However, if the life of the woman is threatened (i.e. when 
the risk to the mother outweighs the theoretical risk to the 
fetus), an ACT should be prescribed. Malaria is less often 
resistant to quinine than it is to other drugs, and this drug 
may be safely used throughout pregnancy if ACTs are not 
available. 

ACTs in pregnancy: the use of ACTs in pregnancy has 
not been widely studied, but all of the current evidence 
points to their relative safety, even in the fi rst trimester. 
Research into the safety and pharmacokinetics of antima-
larial drugs in pregnancy is ongoing.

The following ACTs (arranged in alphabetical order) are 
currently recommended by the WHO for the treatment of 
uncomplicated P. falciparum malaria:

 O artemether (ATM) + lumefantrine (LM): combined (fi xed- 
dose combination, FDC) tablets ATM 20 mg/LM 120 mg 
in blister packs. 

 — Dose: On day 1 give 4 tablets and then repeat 4 
tablets between 8 and 12 hours later. Then give 4 
tablets twice daily in the morning and evening on 
days 2 and 3. 

 — Advise the patient to take doses with food, preferably 
fatty food. Consider supplying dried milk powder or 
Plumpy’Nut® to take with tablets.

 O artesunate (AS) + amodiaquine (AQ): combined (fi xed- 
dose combination, FDC) tablets AS 100 mg/AQ 270 mg 
in colour- coded blister packs. 

 — Dose: 2 tablets per day for 3 successive days.
 O artesunate (AS) + mefl oquine (MQ): AS = 50 mg tablets, 

MQ = 250 mg tablets as base. 
 — Dose: give 4 tablets of AS on days 1, 2 and 3, and 6 
tablets of MQ on day 1 and 2 tablets of MQ on day 
2 (or 8 tablets on day 1 only). 

 O artesunate (AS) + sulfadoxine + pyrimethamine (SP): AS 
= 50 mg tablets, SP = 25 mg (S) + 500 mg (P). 

 — Dose: give 4 tablets of SP on days 1, 2, 3 and 4 and 
3 tablets of SP on day 1.

 O dihydroartemisinin (DHA) + piperaquine (PQP): com-
bined (fixed- dose combination, FDC) tablets DHA 
40 mg/PQP 320 mg. 

 — Dose: mother weighing 50–60 kg, 1 tablet three times 
a day for 1 day; mother weighing 60–70 kg, 1 tablet 
three times a day for 1 day plus additional ½ tablet 
at onset of day 1. 

 O quinine = usually 200 mg and 300 mg tablets. 
 — Dose: give 600 mg 8- hourly over the fi rst 24 hours 
or 30 mg/kg/day in three divided doses at 8- hourly 
intervals.

 — In South- East Asia where quinine sensitivity appears 
to be reduced, add clindamycin 7–13 mg/kg every 
8 hours for 5 days. 

Most pregnant women with malaria also lack folate, so 
give them folate tablets 5 mg daily.

If a pregnant woman is not immune, that is if she 
comes from an area without malaria transmission, she 
must have regular malaria tablets throughout pregnancy, 
especially in the last trimester. 

Severe complicated malaria
This is usually P. falciparum malaria.

Severe malaria is a complex multi- system disease, 
and is a medical emergency. 

Mortality approaches 100% without treatment, and 
death often occurs within the first few hours. Prompt 
initiation of antimalarial treatment in peripheral healthcare 
facilities and comprehensive management in hospital are 
necessary to prevent deaths.

Care should be provided within 15 minutes of arrival 
at a healthcare facility. Triage systems should be in place 
to pick up severely ill patients, referral should be rapid, 
and emergency facilities should be instituted in hospitals, 
with a high standard of medical and nursing care available 
24 hours a day.

Any seriously ill or unconscious patient in a malaria 
endemic area must be tested for malaria by RDT (remember 
that parasites may not be present in the peripheral blood 
of a patient with cerebral malaria). 

Even if a diagnostic test is not available, the patient 
should be given an antimalarial drug (IV, IM or rectally, 
depending on the skill of the staff in the facility) before 
transfer to the hospital. This can be repeated if transfer 
is impossible or is delayed for more than 12 hours. A note 
of what has been given should be sent with the patient 
as soon as transfer can be arranged.

Clinical features of severe malaria (WHO 
2013)

 O impaired consciousness (including unrousable coma)
 O prostration, i.e. generalised weakness so that the patient 

is unable to sit, stand or walk without assistance
 O multiple convulsions: more than two episodes within 

24 hours
 O deep breathing and respiratory distress (acidotic 

breathing)
 O acute pulmonary oedema and acute respiratory distress 

syndrome
 O circulatory collapse or shock, systolic blood pressure 

< 80 mmHg in adults and < 50 mmHg in children
 O acute kidney injury
 O clinical jaundice plus evidence of other vital organ 

dysfunction
 O abnormal bleeding. 
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If any doubt exists about the diagnosis, it is safer to treat 
than not to treat before transfer. 

Immediate measures (in hospital) 
 O Vital signs: temperature, pulse, blood pressure, and rate 

and depth of respiration.
 O State of hydration. 
 O Estimation or measurement of body weight. 
 O Level of consciousness (AVPU or Glasgow Coma Scale 

scores).
 — The depth of coma may be assessed rapidly 
by observing the response to standard vocal or 
painful stimuli (rub your knuckles on the woman’s 
sternum; if there is no response, apply fi rm pres-
sure on the thumbnail bed).

 O RDT and malaria smear (thick and thin fi lm) for diagnosis 
and for continued monitoring of the progress of the dis-
ease. Do not wait for a malaria smear result before 
initiating treatment, as it can take up to an hour. If 
the RDT is positive, commence treatment immediately. 

 O Perform a lumbar puncture if the patient is unconscious, 
to eliminate meningitis. 

 O Measurement of glucose (fi nger prick test), haemoglo-
bin, haematocrit and packed cell volume (PCV). 

 O Group and cross- match blood and search for a suit-
able donor if there are no blood banking facilities.

 O Parenteral treatment (see below for details): 
 — First choice: IV artesunate (2.4 mg/kg by slow IV 
injection at 0, 12 and 24 hours). 

 — Second choice: IM artemether (loading dose of 
3.2 mg/kg followed by 1.6 mg/kg every 24 hours). 

 — If artemisinins are not available or the Ministry of 
Health has not authorised their use, commence with 
a loading dose of quinine 20 mg/kg (generally given in 
10% dextrose to reduce the risk of hypoglycaemia) 
by slow infusion over 4 hours, followed by 10 mg/kg 
over 4 hours, every 8 hours for a minimum of 3 doses 
and continued until the patient is able to tolerate oral 
drugs. A full course of oral antimalarials must be 
completed once IV quinine has been discontinued. 
The loading dose of quinine may be omitted if the 
patient has defi nitely received a treatment dose of 
quinine within the previous 12 hours. 

Every effort should be made to convince the Ministry of Health 
to allow the use of artemisinins to treat severe malaria in 
hospital, as mortality may be reduced by up to 30% over 
the use of quinine.

Additional measures where needed
 O Insert a nasogastric tube to minimise the risk of aspira-

tion pneumonia if the patient’s level of consciousness 
is low. This can also be used to give food to prevent 
hypoglycaemia if the patient is unconscious for a long 
period and is unable to eat.

 O Monitor for hypoglycaemia by laboratory or bedside 
testing if available (see below for more detailed advice).

 O Insert an IV cannula and restore circulating volume. 
 — Fluids should be given with caution and the need for 
them assessed on an individual basis after ascertain-
ing the nutritional status and degree of dehydration 
present (see below for more details).

 O In general, patients with metabolic acidosis who have 
not previously received parenteral fl uids are dehydrated 

and should be managed accordingly (see below for 
more details).

 O Give oxygen, especially if metabolic acidosis is sus-
pected or shock is present.

 O Treat severe anaemia with a safe blood transfusion if the 
patient is showing signs of decompensation.

 O Give anticonvulsants (diazepam is preferred initially, then 
phenytoin if convulsions persist) if the patient is fi tting, 
to prevent long- term neurological damage (see below 
for more details). 
Convulsions are common before or after the onset of 
coma. They are signifi cantly associated with morbidity 
and sequelae. They may present in a very subtle way. 
Important signs include intermittent nystagmus, saliva-
tion, minor twitching of a single digit or a corner of the 
mouth, and an irregular breathing pattern.

 O Prophylactic anticonvulsants have been recommended 
in the past, but recent evidence suggests that pheno-
barbital is harmful. 

 O IV broad- spectrum antibiotics should be given routinely 
in an unconscious patient.
The patient will need intensive nursing care at least 
until they regain consciousness. They may urgently 
need glucose or a blood transfusion if hypoglycaemia or 
haemolysis is severe.

Special issues with regard to severe malaria 
in pregnancy
Severe malaria is malaria with severe drowsiness, coma, 
vomiting, inability to walk, jaundice, fits or pulmonary 
oedema. These women are usually non- immune multi-
gravida, or semi- immune primigravida, with P. falciparum 
malaria. 

Severe malaria in pregnancy may be misdiagnosed 
as eclampsia. If a pregnant woman living in a malarial 
area has fever, headaches or convulsions and malaria 
cannot be excluded, it is essential to treat the woman 
for both malaria and eclampsia.

Pregnant women with severe malaria are particularly 
prone to hypoglycaemia, pulmonary oedema, anaemia 
and coma. 

Malaria is especially dangerous during the last 
trimester.

Malaria drug treatment in pregnancy
Treat malaria in pregnancy urgently and early!

Calculate the dose in mg/kg. If you cannot weigh the 
patient, an average pregnant woman weighs about 60 kg, 
a small woman weighs around 50 kg and a large woman 
in resource limited settings around 80 kg. 

Where available, artesunate IV/IM or artemether IM are 
the drugs of choice in the second and third trimesters. Their 
use in the fi rst trimester must balance their advantages 
over quinine (better tolerability and less hypoglycaemia) 
against the limited documentation of pregnancy outcomes. 
Artemesinin and artesunate may be given rectally.

IV/IM artesunate
Artesunate IV/IM: 2.4 mg/kg by direct IV injection (over 
5 minutes) or IM injection at 0, 12 and 24 hours, then once 
daily until oral therapy is possible.

A solution for parenteral use should be prepared for 
either IV (10 mg/mL) or IM (20 mg/mL) use, following the 
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manufacturer’s instructions, using the sodium bicarbonate 
and saline solution supplied to dilute the concentrated 
artesunate. 

For a small pregnant woman (estimated body weight 
50 kg), each dose would be 12 mL IV (10 mg/mL) or 6 mL 
IM (20 mg/mL).

Artesunate IM should be administered in the antero- 
lateral thigh, drawing back before injection to ensure that 
the needle is not in a vein.

IM artemether 
Artemether IM: loading dose is 3.2 mg/kg on day 0, fol-
lowed by 1.6 mg/kg daily for at least two more doses; then 
continue until oral therapy is possible. A full course of oral 
therapy should be taken once IM therapy is discontinued.

An 80 mg/mL presentation is preferred to reduce the 
volume of the injection.

For a small pregnant woman (estimated body weight 
50 kg) each dose would be 2 mL IM (80 mg/mL). 

Artemether IM should be administered in the antero- 
lateral thigh, drawing back before injection to ensure that 
the needle is not in a vein.

Artemether is not well absorbed in shock, and in this 
situation an alternative treatment (parenteral or rectal 
artesunate, or IV quinine) should be chosen.

Rectal artesunate 
 O It is recommended that this should be available in all rural 

settings, including those with trained village healthcare 
workers. 

 O It can be given at 12- hourly intervals. 
 O The minimum dose is 10 mg/kg. Larger doses are not 

harmful, but are not more effective. 
 O It can also be given to vomiting patients, or those unable 

to tolerate oral drugs.
 O Rectal artesunate must always be followed by a full 

course of ACT when the patient is able to take oral drugs. 

At present the WHO only recommends rectal artesunate as a 
pre- referral treatment. Where referral is not possible, ensure 
that a full course of ACT is given as soon as the patient is 
able to take oral treatment.

Artesunate is available as a rectal capsule: Rectocaps 
(Mepha), 50 mg and 200 mg.

A WHO- approved rectal capsule is to be available soon, 
as 100 mg and 400 mg presentation.

The dose is 10 mg/kg, and therefore an average- sized 
mother needs 600 mg per dose. Give three 200 mg rectal 
suppositories at 0, 12, 24, 36, 48 and 60 hours. 

Follow- on treatment
When the patient has received at least three parenteral 
doses of artesunate or artemether, and is able to tolerate 
oral intake, give a full course (3 days) of ACT orally. 

Quinine dihydrochloride
Always give quinine with glucose.

Do not confuse doses of salt and base. Quinine is usu-
ally prescribed as the salt (10 mg of quinine dihydrochloride 
= 8.3 mg of base). 

Loading dose 
Infuse quinine dihydrochloride 20 mg/kg body weight (usu-
ally 1.2 grams for the average 60 kg pregnant woman) in 

500 mL of IV fl uids (Ringer- lactate or Hartmann’s solution 
plus 5% or 10% glucose) over 4 to 8 hours. Do not let 
it go in too quickly. Quinine is usually available in 2- mL 
ampoules of 150 mg/mL, where 1.2 g thus corresponds 
to 8 mL.

Do not give quinine in 5% dextrose solutions, as there is 
a danger of hyponatraemia. Add 50 mL of 50% glucose to 
500 mL of Ringer- lactate or Hartmann’s solution to produce 
Ringer- lactate or Hartmann’s plus 5% glucose solutions. 
Add 100 mL of 50% glucose to 500 mL of Ringer- lactate or 
Hartmann’s solution to give 10% glucose solutions.

Never give an IV bolus injection of quinine, as it is likely 
to cause cardiac arrest.

 O If it is defi nitely known that the mother has taken an 
adequate dose of quinine (1.2 grams) within the pre-
ceding 12 hours, do not give the loading dose. Proceed 
with the maintenance dose (see below). 

 O If the history of treatment is not known or is unclear, 
give the loading dose of quinine.

Alternatively, omit the loading dose if the patient has received 
three or more doses of oral quinine in the last 48 hours, or 
mefl oquine or halofantrine within the last 3 days. 

 O Wait 8 hours before giving the maintenance dose. 

Maintenance dose 
Infuse quinine dihydrochloride 10 mg/kg body weight (usu-
ally 600 mg for the average pregnant woman) in 500 mL 
of fl uids (as above) IV over 4 hours. Repeat every 8 hours 
(i.e. quinine infusion for 4 hours, no quinine for 4 hours, 
quinine infusion for 4 hours, etc.) for 24 hours and then 
change to oral medication if the woman is conscious and 
able to swallow safely. 

For follow- on oral treatment, give a 3- day course of 
ACT or 7 days of oral quinine. If the combination AS + MQ 
is used, wait 12 hours after the last dose of quinine before 
giving MQ. Do not use AS + MQ if the patient developed 
neurological signs during the acute phase.

The dose of oral quinine dihydrochloride or quinine 
sulphate is 10 mg/kg body weight (usually 600 mg for the 
average size of pregnant woman) by mouth every 8 hours 
to complete 7 days of treatment. Ask the patient to swallow 
the tablets quickly with milk. 

Monitor blood glucose levels for hypoglycaemia 
every hour while the patient is receiving quinine IV.

Quinine may increase the risk of hypoglycaemia, 
and it may cause haemolysis in patients with glucose- 6- 
phosphate dehydrogenase (G6PD) defi ciency, which may 
result in the passage of haemoglobin in the urine (this is 
called blackwater fever).

Make sure that plenty of fl uids are given so that the 
urine output is adequate. Keep a strict fl uid balance chart. 
Monitor the volume of fl uid that you give, and the urine 
output. Do not overload with fl uid.

If the haemoglobin level falls below 6 g/dL, try to 
give blood, but observe closely for fl uid overload. When the 
patient is improving, give iron and folate tablets.

Intramuscular quinine 
If you cannot place an IV line, you can give quinine IM, at a 
strength of not more than 60 mg/mL. Some ampoules are 
60 mg/mL (usually 10- mL ampoules). Some ampoules are 
300 mg/mL or 600 mg/mL. Dilute these in 0.9% saline or 
Ringer- lactate or Hartmann’s solution to a concentration of 
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60 mg/mL (e.g. 600 mg of quinine in 10 mL of saline). If you 
do not dilute quinine, the mother may develop an injection 
abscess. Use the same dose as you would give IV. Give 
half the dose into each anterior thigh.

When giving quinine by IM injection, regularly draw back 
to ensure that the needle is not in a vein, as an IV injection 
of quinine is likely to cause cardiac arrest.

Fluid replacement 
If the patient is unable to drink, maintain daily fl uid require-
ments using the nasogastric (preferred) or IV (greater risk 
of fl uid overload) route. Do not use 0.9% saline as it is an 
acid solution: use Ringer- lactate or Hartmann’s solution. 
Measure urine output (a Foley catheter should be used in 
unconscious patients).

Weight Daily fl uid 
requirement

Hourly fl uid 
requirement

In pregnancy 50 mL/kg 2.0 mL/kg

IV fl uids
A Ringer- lactate or Hartmann’s solution plus glucose mix 
is commonly recommended. Use a 10% glucose mix with 
Ringer- lactate or Hartmann’s solution if hypoglycaemia is 
identifi ed. Monitor carefully for fl uid overload, especially 
when the IV route is used. Switch to the oral route as soon 
as possible. Fluids given should be included in the daily fl uid 
requirement totals to avoid over- hydration. 

Antibiotics 
All patients who are in shock or who remain severely ill fol-
lowing resuscitation should receive a presumptive treatment 
with broad- spectrum IV antibiotics. Unconscious patients 
should have a lumbar puncture to exclude meningitis. 
Where this is not possible a presumptive treatment with a 
suitable antibiotic should be given. 

Continuing hospital care of pregnant 
women with severe malaria
This should include the following: 

 O Nurse in the lateral position if the woman is more 
than 20 weeks’ pregnant, to avoid inferior vena caval 
compression.

 O If the patient is unconscious, nurse her in the recovery 
position, alternating sides frequently.

 O Observe hourly pulse, blood pressure, respiratory rate 
and level of consciousness (using the AVPU scale: see 
Section 1.11). 

 O Frequently measure blood glucose levels (every hour if 
the patient has a reduced conscious level, especially 
when they are receiving quinine and/or where the level 
of consciousness does not improve).

 O If the patient is conscious, regularly (4-hourly) determine 
blood glucose levels to exclude hypoglycaemia particu-
larly if the patient is not eating well. This is especially 
important in pregnant women, particularly those receiv-
ing quinine therapy.

 O A daily microscopic blood slide to determine the level of 
parasitaemia and to follow treatment effi cacy.

 O Regular haemoglobin measurement. The frequency will 
depend on the rate of red blood cell breakdown. This 
may be very rapid in cases of high parasite density. 

 O Blood transfusion where necessary with careful moni-
toring to prevent fl uid overload. Packed cells should be 
used where possible. If overload is suspected, give a 
single dose of 20 mg IV. 

 O If the patient is unconscious or in shock, administer IV 
broad- spectrum antibiotics to manage septicaemia, 
pneumonia or meningitis, which are often associated 
with cerebral malaria.

 O Oxygen is needed for patients in respiratory distress. 
 O Blood gases and urea and electrolytes should be meas-

ured where possible. 
 O Controlled IV fl uids. 
 O Fluid balance charts: unconscious patients should be 

catheterised to measure urine output, facilitate correct 
fl uid balance and detect possible renal failure.

Management of life- threatening 
complications of severe malaria 
Severe anaemia (due to haemolysis)
Monitor haemoglobin levels daily. 

Severe haemolytic anaemia: haemoglobin < 5 g/dL or 
haematocrit < 15%.

Severe anaemia may be the presenting feature in malaria. 
Patients with severe anaemia, especially pregnant women, 
should be tested for malaria.

 O Establish safe transfusion as soon as possible. 
 O Transfuse with screened blood only if the patient is 

severely symptomatic. For patients with haemoglobin 
< 5 g/dL or haematocrit < 15%, recheck haemoglobin 
levels at least every 4 hours. Transfuse if haemoglobin 
levels start to fall or symptoms develop.

 — Packed cells are preferred for transfusion in preg-
nancy. Allow red blood cells to settle at the bottom 
of the bag, and stop the infusion when all of the cells 
have been used. 

 — Perform microscopy following transfusion, and repeat 
or extend antimalarial treatment if parasitaemia is 
increasing.

 O Transfusion rates may depend on the status of the 
patient. Exercise caution with malnourished patients. 

 O Suggested rates: two 500- mL units over 4–6 hours 
giving IV 20 mg of furosemide with each 500 mL. 

 O If the patient shows signs of fl uid overload, give addi-
tional furosemide 20 mg IV, and repeat after 1–2 hours 
if indicated.

Give ferrous sulphate or ferrous fumarate 60 mg by mouth 
plus folic acid 5 mg by mouth once daily upon discharge.

Hypoglycaemia
This is defi ned as glucose levels of less than 2.5 mmol/litre 
(< 45 mg/dL).

Check for hypoglycaemia in patients who are uncon-
scious, in shock or deteriorating, especially if they are 
malnourished, and in all patients receiving quinine. Often 
hypoglycaemia causes no symptoms until it results in 
coma and death. Watch for abnormal behaviour, sweat-
ing and sudden coma. Always give glucose with quinine. 
If the mother is drowsy, delirious or unconscious, do not 
assume that she has cerebral malaria; she is probably 
hypoglycaemic. 

Treat with an IV glucose infusion over 15 minutes. 
 O If you give 50% glucose it irritates the veins, so dilute 
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50 mL of 50% glucose with 50 mL of Ringer- lactate or 
Hartmann’s solution to make a 25% solution. 

 O Then give 500 mL of 5% dextrose in Ringer- lactate or 
Hartmann’s solution over 8 hours (see above for details 
of how to prepare this).

If you do not have IV glucose, give sugar water by 
mouth or by nasogastric tube. Dissolve 4 level teaspoons 
(20 grams) in a 200 mL cup of clean water. 

Retest 15 minutes after completion of infusion, and 
repeat the infusion if blood glucose levels remain low. 
Repeat until blood glucose levels recover, and then infuse 
with 5–10% glucose in Ringer- lactate or Hartmann’s solution 
(according to hypoglycaemia risk) to prevent recurrence. 
Ensure regular feeding when oral intake can be sustained. 
Fluids used to treat hypoglycaemia must be included in the 
daily fl uid requirements.

Hypoglycaemia is a major cause of death in patients with 
severe malaria, especially those who are pregnant. Remember 
that quinine will potentiate hypoglycaemia. Patients should 
receive regular feeding, including by nasogastric tube, when 
they are unable to take oral foods.

Fluid balance problems
Maintain a strict fl uid balance chart and monitor the amount 
of fl uids administered and urine output to ensure that there 
is no fl uid overload. Assess the patient’s clinical status 
regularly. 

Note: Pregnant women with severe malaria are 
prone to fl uid overload. 

Acute renal failure (ARF)
This is defi ned as an abrupt decline in the renal regulation 
of water, electrolytes and acid–base balance, and continues 
to be an important factor contributing to the morbidity and 
mortality of malaria patients. 

Oliguria or anuria is often associated with jaundice, 
anaemia and bleeding disorders. 

Note: Dehydration is a common cause of low urine 
output.

 O The basic principles of management are avoidance of 
life- threatening complications, maintenance of fl uid and 
electrolyte balance, and nutritional support. 

 O The patient must be catheterised so that urine output 
can be accurately measured. 

 O Acute renal failure is suspected when the hourly urine 
output is < 30 mL/hour (over 4 hours). Blood concentra-
tions of urea and creatinine are usually raised (> 2.9 mg/
dL that is > 256 mmol/litre).

 O Make sure that the patient is adequately hydrated, but 
avoid overload.

 O If possible, monitor plasma electrolytes, especially serum 
potassium levels.

If urine output continues to be low despite adequate hydra-
tion, peripheral perfusion and normal blood pressure, give 
furosemide 40 mg IV.

If renal failure is established, restrict fl uid to insensible 
loss (30 mL/hour) plus urine output. If possible, refer the 
mother to a tertiary care centre for management of renal 
failure. Consider peritoneal dialysis (if available).

Convulsions
If there are convulsions, consider whether the mother has 

eclampsia. Test the urine for protein and measure the blood 
pressure (see Section 2.5.E).

If the mother has eclampsia, treat this with magnesium 
sulphate. If she does not have eclampsia, prevent more 
convulsions with anticonvulsants.

Note: seizure activity in cerebral malaria needs to be 
looked for carefully, as it may just appear as a twitching 
of the thumb or mouth.

Give diazepam, 10 mg rectally or by slow IV injection 
over 2 minutes.

Do not exceed 10 mg per dose. Always have a bag-
valve-mask of a suitable size available in case the mother 
stops breathing.

Alternatively, paraldehyde 0.1 mL/kg of body weight may 
be given by deep IM injection (usually 6 mL total dose) or 
0.4 mL/kg of body weight (usually 24 mL) intra- rectally using 
a sterile glass syringe (a disposable plastic syringe may be 
used provided that the injection is given immediately after the 
paraldehyde is drawn up, and the syringe is never reused). 

Consider preventing subsequent convulsions with 
phenytoin (see below). 

Phenytoin
Loading dose 
Infuse phenytoin 1 gram (approximately 18 mg/kg body 
weight) in 50–100 mL of 0.9% saline over 30 minutes (the 
fi nal concentration should not exceed 10 mg/mL). 

Note: Only 0.9% saline can be used to infuse pheny-
toin. All other IV fl uids will cause crystallisation of phenytoin. 

Flush the IV line with 0.9% saline before and after infus-
ing phenytoin.

Do not infuse phenytoin at a rate exceeding 50 mg/
minute, due to the risk of irregular heartbeat, hypotension 
and respiratory depression. Complete administration within 
1 hour of preparation. 

Maintenance dose
Give phenytoin 100 mg IV slowly over 2 minutes or by 
mouth every 8 hours beginning at least 12 hours after the 
loading dose.

Respiratory distress 
Rapid laboured breathing: check for and treat second-
ary pneumonia (give antibiotics and oxygen) or anaemia 
(transfuse), or pulmonary oedema, which may occur with 
or without fl uid overload. Check the fl uid balance (reduce 
IV fl uids), supply oxygen, nurse the patient in a semi- sitting 
position, and do a trial of furosemide, 40 mg IV, repeating 
this after 1–2 hours if indicated.

Slower laboured breathing (acidotic) (Kussmaul 
breathing): ensure appropriate fluid replacement (plus 
transfusion if indicated), and treat associated conditions 
and infections. 

Metabolic acidosis 
Deep breathing with a clear chest is a sensitive and specifi c 
sign for the presence of metabolic acidosis. It is the single 
most important determinant of survival, and can lead to 
respiratory distress syndrome. Metabolic (lactic) acidosis 
has been identifi ed as an important cause of death in 
severe malaria. 

Metabolic acidosis in severe malaria has been attrib-
uted to the combined effects of several factors that reduce 
oxygen delivery to tissues: 
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1 increased production of lactic acid by parasites (through 
direct stimulation by cytokines) 

2 decreased clearance by the liver 
3 a marked reduction in the deformability of uninfected red 

blood cells, which may compromise blood fl ow through 
tissues 

4 dehydration and hypovolaemia, which can exacer-
bate microvascular obstruction by reducing perfusion 
pressure 

5 destruction of red blood cells and anaemia, which further 
compromise oxygen delivery. 

Management 
 O Maintain airway patency and oxygen delivery; intubate 

if the patient is unconscious, in severe shock, or oth-
erwise unstable. 

 O Establish an IV line; replace an adequate intravascular 
fl uid volume if the patient has tachycardia, hypoten-
sion or other signs of poor tissue perfusion, such as 
poor capillary refi ll time. IV normal (0.9%) saline can 
be harmful in severe malaria, when there is fre-
quently acidosis. Normal saline is a strongly acidotic 
solution and can make the acidosis much worse. 
Therefore use Ringer- lactate or Hartmann’s solution 
for IV fl uid replacement or in shock. 

 O Monitor for cardiac arrhythmias. 
 O The use of sodium bicarbonate is controversial and 

generally should be avoided.

Pulmonary oedema is very dangerous. The mother may 
have it on admission, or it may develop after several days. 
Fast diffi cult breathing is the fi rst sign. Frothy (bubbly) fl uid 
may be coming from the mouth. Pulmonary oedema causes 
hypoxia, fi ts, coma and death. It can also be caused by too 
much fl uid. Sometimes it is caused by malaria and too much 
IV fl uid, so watch the jugular venous pressure regularly and 
ideally, if skilled, measure central venous pressure.

 O Keep the patient upright; prop them up with pillows and 
lower the foot of the bed.

 O Give high concentrations of oxygen using a face mask 
and reservoir.

 O Give furosemide 40 mg IV. If there is no response (i.e. 
no increase in urine output), increase the dose progres-
sively, every 4 hours, up to a maximum of 200 mg.

 O If the woman might be receiving too much IV fl uid, stop 
all drips.

 O If the woman does not improve, withdraw 250 mL of 
blood into a transfusion bag. Give it back to her later.

Shock
Although severe malaria alone may cause shock (algid 
malaria), it is uncommon and bacterial sepsis often coexists, 
which must be treated. 

Management includes initial assessment for severe 
anaemia, which can also be the cause of shock due to 
lack of oxygen- carrying capacity in severe anaemia. The 
management of severe anaemia, if this is responsible, is 
described above. 

If the patient is not severely anaemic, and particularly if 
they are dehydrated, give rapid fl uid replacement provided 
that there are no signs of pulmonary oedema: 

 O Ringer- lactate or Hartmann’s solution IV, 500 mL over 
30 minutes, then reassess. If there is no improvement 

in capillary refi ll or tachycardia, repeat the infusion once 
or twice more, as required.

Give IV broad- spectrum antibiotics to treat septicaemia and 
any associated infections. 

Abnormal bleeding 
 O Transfuse with fresh blood.
 O Give vitamin K 10 mg IV or orally. 
 O Avoid IM injections and non- steroidal anti- infl ammatory 

drugs (NSAIDs).

Coexisting infections 
Treat any associated pneumonia, dysentery or endometritis 
(see Sections 2.8.A, 2.8.B and 2.5.G).

Congenital malaria
Congenital malaria is relatively rare; it occurs in up to 10% 
of affected pregnancies. This is because the placental bar-
rier and maternal IgG antibodies that cross the placenta 
protect the fetus to some extent. All four species can cause 
congenital malaria, but P. malariae causes proportionately 
more than the other species. 

Congenital malaria is much more common in non- 
immune populations, and the incidence increases during 
epidemics of malaria.

Fetal plasma quinine levels are about one- third of simul-
taneous maternal levels, and this sub- therapeutic drug level 
does not cure the infection in the fetus. 

The newborn child can manifest with fever, irritability, 
feeding problems, hepatosplenomegaly, anaemia and 
jaundice. The diagnosis can be confi rmed by a smear from 
cord blood or a heel prick, any time within 1 week after birth 
(HRP2 tests may not be relevant in the early days after birth, 
as the infant blood may include HRP2 from the mother). 
The risk of congenital malaria is higher in children born to 
mothers who have malaria during or shortly before delivery.

Prevention, diagnosis and treatment of 
non- falciparum malaria 
Other forms of malaria are found all over the world and need 
to be prevented, diagnosed and treated. 

P. vivax and P. ovale malaria
P. vivax and P. ovale malaria are recurrent due to the fact that 
the parasites can conceal themselves as the hypnozoite 
form in the liver. They can emerge and cause new attacks of 
malaria at regular intervals for up to 30 years. Most medica-
tions (except primaquine) only act on the erythrocyte stage 
of the parasite and therefore do not affect the hypnozoites.

Prevention
Long Lasting Impregnated Bednets (LLINs) with appropriate 
information should be supplied to prevent initial infection 
(and co- infection with other parasite species), but they will 
not prevent recurrent attacks once the infection is estab-
lished. Indoor residual spraying should be used.

Diagnosis 
The following methods can be used:

 O microscopy 
 O RDTs: HRP2 tests such as Paracheck will only detect 

P. falciparum. pLDH tests such as CareStart will detect 
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other species. At present the sensitivity and specifi city of 
pLDH in detecting P. vivax and other species of malaria 
are not clearly defi ned 

 O Polymerase chain reaction (PCR) can be used to 
distinguish between new and recurrent infections.

Treatment
At present, the treatment for P. vivax malaria (and the other 
non- falciparum species) is chloroquine (CQ). 

This should only be used for CQ- sensitive non- 
falciparum malaria.

It is available in the following formulations:
 O 100 mg base tablets (chloroquine phosphate) 
 O 150 mg base tablets
 O 50 mg base/5 mL syrup.

Chloroquine is sometimes found as a salt, but the WHO 
recommends use of the base product.

The regime described below is recommended by the 
WHO for use in settings where compliance may be diffi cult 
and dosing regimes need to be simplifi ed. 

Dose: 6 tablets 100 mg on days 1 and 2, then 3 tablets 
100 mg on day 3 or 4 tablets 150 mg on days 1 and 2, then 

2 tablets 150 mg on day 3. Total dose = 1500 mg base 
(= 2500 mg salt).

There is some evidence of resistance to chloroquine in 
India and Indonesia, but it is diffi cult to determine whether 
apparent failure of the treatment is due to recurrence from 
hypnozoites or to drug failure. There has been little evidence 
from effi cacy studies. 

Note: ACTs cure all types of malaria, but chloroquine 
is still effective (and cheaper) for treating most cases of P. 
vivax, P. malariae and P. ovale. 

As mentioned above, chloroquine only kills the parasites 
in the red blood cells, and does not kill the pre- erythrocyte 
forms or the hypnozoites of the recurrent malarias P. vivax 
and P. ovale in the liver. 

At present primaquine is the only drug available to 
tackle the hypnozoites and prevent recurrence. 

Treatment with primaquine
Primaquine is the only drug at present available to pre-
vent recurrent attacks of P. vivax and P. ovale. However, 
it is not recommended for pregnant women, so treatment 
with this drug should wait until the pregnancy has ended. 

2.8.E Acute appendicitis 

Introduction
Appendicitis should be suspected in any woman or girl 
with abdominal pain, whether she is pregnant or not. The 
diagnosis of appendicitis can be more diffi cult in pregnancy, 
due to the possibility of pregnancy- related conditions, 
including ectopic pregnancy, abruptio placentae, torsion 
of an ovarian cyst and pyelonephritis. 

As pregnancy advances, the enlarging uterus displaces 
the appendix from its usual position, shifting the site of 
maximal tenderness towards the right upper quadrant (see 
Figure 2.8.E.1). In the third trimester, it may consequently 
mimic cholecystitis. The site of an incision for appendicec-
tomy should be over the point of maximum tenderness.

Clinical management
If appendicitis is suspected clinically, give a combination of 
antibiotics before surgery, and continue until the woman is 
post- operative and fever- free for 48 hours: 

 O ampicillin 2 grams IV every 6 hours 
 O plus gentamicin 80 mg IV/IM every 8 hours or 5 mg/kg 

body weight IV/IM once every 24 hours 
 O plus metronidazole 500 mg IV every 8 hours. 

Morphine 10 mg IV or IM may be administered as analgesia 
(see Section 1.16).

Immediate surgical exploration is required, regardless 
of the stage of gestation. Appendicectomy should be 
performed even if the appendix does not look infected. 

Delaying diagnosis and treatment can result in 
rupture of the appendix, which may lead to general-
ised peritonitis. This has a high maternal mortality in 
pregnancy, as well as a signifi cant risk of miscarriage 
or preterm labour.

If there are signs of peritonitis (fever, rebound tender-
ness and guarding), give antibiotics above as for peritonitis 
but continue until the infection has fully resolved (usually 
following surgery) and there has been no fever for 48 hours.

If appendicitis occurs in late pregnancy, the infection 
may be walled off by the gravid uterus. As the uterus rapidly 
decreases in size (involutes) after delivery, the infection may 
spill into the peritoneal cavity. In these cases, appendicitis 
then presents as generalised peritonitis.

FIGURE 2.8.E.1 The changes in position of the appendix as 
pregnancy advances. Adapted from McGraw-Hill Companies, Inc. 
Reproduced with the permission of Chris Paschalidis.
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2.8.F Cystitis and acute pyelonephritis

BOX 2.8.F Minimum requirements
 Q Microscopy and bacterial culture.
 Q Dipstick tests for leucocytes and nitrites.
 Q Antibiotics (e.g. ampicillin, gentamicin).
 Q Ultrasonography.

Acute cystitis
Cystitis is a common complication of pregnancy, and is 
characterised by dysuria, frequency, urgency and, if severe, 
by haematuria. Severe cystitis can progress to pyelonephri-
tis if not treated. The presence of loin pain and tenderness, 
along with fever, suggests a diagnosis of pyelonephritis.

Asymptomatic cystitis is more common in pregnancy, 
carries a risk of progression to pyelonephritis, and is associ-
ated with an increased risk of premature delivery.

Diagnosis
 O Use a dipstick leucocyte esterase test to detect white 

blood cells, and a nitrate reductase test to detect nitrites.
 O Microscopy of a urine specimen (see Section 8.5) may 

show white blood cells in clumps, bacteria and some-
times red blood cells. Urine examination requires a 
clean- catch midstream specimen of urine to minimise 
the possibility of contamination. The results of bacterial 
culture, although not necessary before starting treat-
ment, are helpful if there is treatment failure, and also 
for monitoring bacterial sensitivity in the population. 

Treatment with antibiotics for 
uncomplicated cystitis

 O Amoxicillin 500 mg by mouth three times a day for 5 days 
or cephalexin (or alternative available cephalosporin) 
500 mg three times a day for 5 days.

 O Trimethoprim/sulfamethoxazole 1 tablet 160/800 mg 

by mouth twice a day for 3 days. This drug is best 
avoided in pregnancy unless there is no alternative. It 
must be completely avoided in the fi rst trimester. This 
antibiotic is a folate antagonist and therefore promotes 
congenital abnormalities, and in the third trimester it may 
cause haemolysis in the neonate.

 O If treatment fails, check urine culture and sensitivity (if 
available), and treat with an antibiotic appropriate for 
the organism.

Acute pyelonephritis
Acute pyelonephritis is an acute infection of the upper uri-
nary tract, mainly of the renal pelvis, which may also involve 
the renal parenchyma. It can precipitate premature labour.

 O If shock is present or suspected, initiate immediate 
ABC treatment.

 O Check urine culture and sensitivity (if available), and treat 
with an antibiotic appropriate for the organism.

 O If urine culture is unavailable, treat with antibiotics until 
the woman has been fever- free for 48 hours:

 — ampicillin 2 grams IV every 6 hours
 — plus gentamicin 80 mg IM/IV every 8 hours or 5 mg/
kg body weight IV/IM once every 24 hours.

 O Once the woman has been fever- free for 48 hours, give 
amoxicillin/ampicillin 500 mg by mouth three times a day 
to complete 14 days of treatment.

 O If there is no clinical response within 72 hours, review 
the results and antibiotic coverage.

Alternative and/or second line treatment is with 
IV cephalosporins, e.g. cefuroxime 750 mg to 1.5 g 
8-hourly.

 O Perform a renal ultrasound scan. If any signifi cant mal-
formation of the kidneys or renal tract is noted, refer the 
patient for specialist advice.

2.8.G Tuberculosis in pregnancy

BOX 2.8.G Minimum standards
 Q Mantoux test/purifi ed protein derivative.
 Q Sputum for acid- fast bacilli for stain and culture.
 Q Chest X- ray.
 Q Anti- tuberculosis therapy.

Introduction
Tuberculosis (TB) is generally becoming less common 
during pregnancy and in the fetus, even in high endemic 
countries, but remains a leading infectious cause of death 
during pregnancy and delivery, especially among women 
living with HIV. It is estimated that more than half a mil-
lion women of child- bearing age die from TB (including 
HIV- related TB) each year, but the current epidemiology 
of TB in pregnancy is a refl ection of the general incidence 
of disease. The infection has been associated with an 
increased risk of spontaneous abortion, perinatal mortality, 

small- for- gestational age and low birth weight in some 
studies. Poor outcome is attributable to delays in diagnosis 
or treatment, increasing the frequency of severe forms of 
extra- pulmonary disease. 

Clinical fi ndings
Signs and symptoms of TB are usually the same in both 
pregnant and non- pregnant woman. They include prolonged 
fever (especially at night), cough, weight loss, fatigue and 
breathing diffi culty. Extra- pulmonary disease will present with 
organ- specifi c signs and symptoms such as lymphadenopa-
thy, abdominal pain or mass, back pain, vaginal bleeding, 
pelvic infl ammatory disease symptoms or infertility. 

Diagnosis
Any woman who presents to an antenatal clinic with chronic 
respiratory symptoms, or has had close contact with a TB 
index case, or unexplained illness, should be screened 
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for TB. This includes a tuberculin skin test, sputum for 
acid- fast bacilli (AFB) stain and culture for mycobacterium 
TB. A chest X- ray may have harmful effects on the fetus in 
the fi rst trimester of pregnancy, but may be done with an 
abdominal lead shield. If clinically indicated a Chest X- ray 
is recommended as the risk to the fetus is very small and 
the mother’s health a priority.

Additional newer tests, namely interferon gamma 
release assay (IGRA) or polymerase chain reaction (PCR) 
identifi cation (if available), may complement diagnosis.

Extra- pulmonary TB is much more diffi cult to diagnose 
during pregnancy. After delivery, the placenta should be sent 
for histopathology, AFB stain and AFB culture to contribute 
to a diagnosis. The neonate should be evaluated thoroughly 
and treated accordingly.

Antituberculous treatment during 
pregnancy 
During pregnancy, tuberculosis represents a greater haz-
ard to the pregnant woman and her fetus than does its 
treatment. Therefore treatment should be commenced 
as soon as possible after a diagnosis has been made. 
Treatment for new patients with pulmonary TB is the 
same in pregnancy as it is for all other adults (see WHO 
guidelines 4th edition 2010 for full details: www.who.int/tb/
publications/2010/9789241547833/en/).

In summary, new patients with pulmonary TB should be 
treated with a regime containing isoniazid (H) and rifampicin 
(R) for 6 months (see Table 2.8.G.1 for doses). There is an 
initial 2-month intensive phase of HRZE and then a 4-month 
continuation phase of just HR. 

The optimal dosing frequency is daily throughout the 
6-month course. However, provided directly observed 
treatment is practiced and the patient is not living with HIV 
infection or in a high risk setting for HIV the last 4 months 
of treatment can be given three times a week. 

Isoniazid, ethambutol and rifampin are relatively safe for 

the fetus. In some countries, the routine use of pyrazina-
mide is discouraged because of inadequate teratogenicity 
data, but the WHO continues to recommend it as fi rst- line 
therapy. The benefi ts of ethambutol and rifampin for therapy 

of tuberculosis disease in the mother outweigh the risk to 

the infant.
The use of these fi rst- line antituberculous drugs in 

pregnancy is considered safe for the mother and the baby 
by the British Thoracic Society, International Union Against 
Tuberculosis and Lung Disease, and the World Health 
Organization.

The effects of other second- line drugs on the fetus are 
unknown, and their use during pregnancy must be under-
taken only after a careful risk and benefi t analysis.

Fixed- dose combinations (FDCs) are recommended 
in both children and adults, but drugs can be given sepa-
rately as well. Tablets are the preferred formulation, even 
in children, as they prevent the emergence of resistance 
and improve compliance. 

The WHO- recommended two- , three-  and four- drug 
FDC schemes are simplifi ed for clinical use according to 
body weight, and ensure that the doses remain within the 
therapeutic margins, and that underlying liver and renal 
impairment is considered (see Tables 2.8.G.1 and 2).

Drugs that are contraindicated during 
pregnancy
These include the following:

 O streptomycin (which interferes with development of the 
ear and may cause congenital deafness)

 O kanamycin, amikacin and capreomycin
 O fl uoroquinolones (ciprofl oxacin, levofl oxacin, ofl oxacin 

and sparfl oxacin)
 O other second- line drugs (cycloserine, ethionamide and 

clofazimine).

TB treatment during pregnancy is the same for pregnant 
women as it is for non- pregnant women. 

TABLE 2.8.G.1 Commonly used drugs for the treatment of TB in pregnancy 

Drug Daily dose (mg/kg/when 
given daily) 

Daily dose when given 
three times weekly

Potential adverse reactions 

Isoniazid (H) tablet, 100 mg, 
300 mg

5 mg/kg (4–6 mg/kg)

Maximum 300 mg

10 mg/kg (8–12 mg/kg)

Maximum 900 mg

Mild hepatic enzyme elevation, 
hepatitis, peripheral neuritis, 
hypersensitivity

Rifampin (R) tablet, 150 mg, 
300 mg, 450 mg

10 mg/kg (8–12 mg/kg)

Maximum 600 mg

10 mg/kg (8–12 mg/kg)

Maximum 600 mg

Orange discoloration of urine and 
other body fl uids, vomiting, hepatitis

Pyrazinamide (Z) tablet, 500 mg 25 mg/kg (20–30 mg/kg) 35 mg/kg (30–40 mg/kg) Hepatoxicity, hyperuricaemia

Ethambutol (E) tablet, 100 mg, 
400 mg

15 mg/kg (15–20 mg/kg) 30 mg/kg (25–35 mg/kg) Optic neuritis, decreased visual 
acuity, gastrointestinal disturbance, 
hypersensitivity

Four- drug FDC tablet, R 150 mg 
+ H 75 mg + Z 400 mg + 
E 275 mg

Dosage recommendations are more straightfor ward, 
and adjustment of dosage is done according to patient 
weight category

Three- drug FDC tablet, R 150 mg 
+ H 75 mg + Z 400 mg 

Two- drug FDC tablet, R 300 mg 
+ H 150 mg 

R 150 mg + H 75 mg

Two- drug FDC tablet, H 150 mg 
+ E 400 mg 

H = isoniazid, R = rifampicin, Z = pyrazinamide, E = ethambutol, S = streptomycin, FDC = fi xed drug combination.
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 O A three-  to four- drug regimen of isoniazid, rifampin 
and pyrazinamide with or without ethambutol is recom-
mended for uncomplicated pulmonary TB (see Table 
2.8.G.1). 

 O If pyrazinamide treatment is included in the initial drug 
regimen, after an initial 2 months of three to four 
drugs, therapy is continued with two drugs (isoniazid 
and rifampin) to complete at least 6 months of therapy.

 O If pyrazinamide is not used, the two- drug period should 
be extended to at least 9 months.

 O Prompt initiation of therapy is mandatory to protect the 
mother and the fetus.

Streptomycin should not be used in pregnancy, as it crosses 
the placenta and can cause auditory nerve impairment and 
nephrotoxicity in the fetus.

Vitamin K should be administered at birth to the infant of 
a mother taking rifampicin because of the risk of postnatal 
haemorrhage.

Pyridoxine (vitamin B6) 10 mg daily is recommended for 
pregnant or breastfeeding women who are taking isoniazid- 
containing regimens.

Extra- pulmonary TB in pregnant women requires the 
same regimens as uncomplicated pulmonary TB. Some 
forms (e.g. meningitis, bone, joint) require a longer duration 
(9–12 months) of TB drugs. 

If a woman has suspected resistant TB, attempts must 
be made to confi rm drug resistance by appropriate cultures 
and therapy based on susceptibility results. Regimens are 
complicated and depend on susceptibilities, previous drug 
therapy, local susceptibility data, availability of second- line 
drugs and tolerability. An expert in infectious disease 
must be consulted in such cases. Pregnant women 
with resistant TB have a less favourable prognosis. They 
may sometimes require treatment with second- line drugs, 
including cycloserine, ofloxacin, amikacin, kanamycin, 
capreomycin and ethionamide. The safety of these drugs 
is not well established in pregnancy.

Breastfeeding and TB
The low concentrations of anti- TB drugs in breast milk do not 
produce toxicity in the nursing newborn. Therefore breast-
feeding should not be discouraged for an HIV- seronegative 
woman who is planning to take or is taking anti- TB drugs. 
Anti- TB treatment is the best way to prevent transmission 
of tubercle bacilli to the baby. Mother and baby should 
stay together and the baby should continue to breastfeed. 
After active TB in the baby is ruled out, the baby should be 
given 6 months of isoniazid preventive therapy, followed by 
BCG vaccination (for advice on breastfeeding and HIV, see 
Section 6.2.D). Breastfed infants do not require pyridoxine 

supplementation unless they are receiving isoniazid.

Treatment of latent TB infection
In most pregnant women, treatment of latent TB infection 
(LTBI) – that is, treatment of asymptomatic pregnant women 
with a positive tuberculin test or IGRA result and normal 
chest X- ray – should be delayed until 2 or 3 months after 
delivery, even though no harmful effects of isoniazid (INH, 
the standard treatment regimen for LTBI) on the fetus have 
been documented. 

However, in the following situations where there is a high 
risk of progressing to active disease, treatment for LTBI with 
isoniazid (INH), 300 mg daily should begin during pregnancy.

Treatment of LTBI should be started during the first 
trimester of pregnancy for:

 O pregnant women who have HIV infection or behavioural 
risk factors for HIV infection, but who refuse HIV testing

 O pregnant women who have been in recent close contact 
with an individual with smear- positive pulmonary TB.

Treatment of LTBI should be started after the fi rst trimester 
of pregnancy for pregnant women who have had a docu-
mented tuberculin skin test conversion in the past 2 years.

Treatment of LTBI, if indicated, should be started 2 to 
3 months after delivery for all other pregnant women, includ-
ing those with radiographic evidence of old healed TB. The 
recommended duration of LTBI therapy is 9 months. If a 
woman who is taking isoniazid and/or rifampin for treatment 
of LTBI becomes pregnant, treatment should be interrupted 
and started again 2 or 3 months after delivery, unless one 
or more of the above risk factors are present.

Perinatal TB
Women who have only pulmonary TB are not likely to infect 
the fetus, but can infect their infant after delivery. Although 
protection of the infant from exposure and infection is of 
paramount importance, continuous close contact between 
infant and mother should be encouraged. Congenital TB 
is rare, but in- utero infections can occur after maternal 
bacteraemia. If a newborn infant has suspected congenital 
TB, a full evaluation should be done and treatment initiated 
based on individual circumstances and specifi c recom-
mendations. Management of the newborn infant is based 
on categorisation of the maternal (or household contact) 
infection as follows:

 O If the mother has completed TB chemotherapy during 
pregnancy, or has inactive disease, her infant should be 
given BCG at birth. 

 O If the mother has active disease or still requires treat-
ment, the infant should be given isoniazid 10 mg/kg once 
daily for 3 to 6 months. 

 O Once the mother and infant are on appropriate treat-
ment, the infant may breastfeed unless the mother has 
multidrug- resistant TB. A tuberculin test and chest X- ray 
are then performed on the neonate. If these are negative, 
BCG is given. If they are positive, full investigations for 
TB are undertaken. If no evidence of disease is detected, 
isoniazid is continued for another 3 to 4 months. If TB 
is suspected, full treatment is given at standard doses. 

Monitoring
All pregnant women with TB must be carefully followed up 
monthly. At each visit, the patient needs to be checked 
for compliance, response to therapy, adverse effects and 
adjustment for any clinical event. 

Directly observed treatment 
Directly observed treatment: short- course (DOTS) 
remains an important WHO strategy for reducing the TB 
burden worldwide. In DOTS, healthcare workers observe 
patients as they take their medicine. DOTS is practised 
even for children, and parents can be asked to supervise 
treatment in the communities where DOTS is used. This 
is especially true for HIV- infected children, patients with 
multi- drug- resistant (MDR) TB or those with complicated 
TB, and has been shown to be successful.
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The WHO has developed a new six- point Stop TB 
Strategy, which builds on the successes of DOTS. One 
of these is to ‘pursue high- quality DOTS expansion and 
enhancement’ through the following steps.
1 Secure political commitment, with adequate and sus-

tained fi nancing.

2 Ensure early case detection and diagnosis through 
quality- assured bacteriology.

3 Provide standardised treatment with supervision and 
patient support.

4 Ensure effective drug supply and management.
5 Monitor and evaluate performance and impact.

2.8.H Syphilis in pregnancy and the newborn infant

Introduction
Syphilis is a dangerous bacterial infection caused by 
Treponema pallidum which, when it occurs in pregnancy, 
can cause early fetal death, stillbirth, preterm birth, neonatal 
death or congenital infection. Mother- to- child transmis-
sion is a major problem, especially in resource- limited 
countries.

In a recent analysis, it was estimated that in 2008 
worldwide there were between 1.2 and 1.6 million preg-
nant women with active syphilis, of whom 39% were living 
in Africa. In the absence of screening and treatment this 
would have resulted globally in 707 000 adverse pregnancy 
outcomes, including 286 000 stillbirths or early fetal deaths, 
122 000 neonatal deaths, 82 000 preterm or low- birth- 
weight babies and 218 000 infected newborn infants. 
Additional mortality after the fi rst month of life was estimated 
to be 10% by 1 year of age. 

The cost of diagnosis and treatment per individual is 
US$2.

All countries must ensure that all pregnant women have 
access to antenatal care that includes diagnostic screening 
and treatment for syphilis. 

Clinical features
Infection is either congenital (through in- utero transfer) or 
acquired (through sexual transmission or blood transfu-
sion). The average time between acquired infection and 
the appearance of symptoms and signs is 21 days, but 
this period can range from 10 to 90 days.

Acquired syphilis has early and late phases. The early 
phase has primary, secondary, early latent (hidden and 
< 1 year), late latent (hidden > 1 year) and tertiary stages. 

The early stages are more infectious and respond best 
to penicillin treatment. 

The symptoms and signs can resemble those of many 
other diseases. 

Primary stage
The chancre is fi rm, round, painless and usually single, but 
may be multiple at the location where syphilis entered the 
body. Chancres may not be visible in the vagina or anus. 
The chancre lasts for 3 to 6 weeks, and heals whether or 
not it is treated. If untreated, the infection progresses to 
the secondary stage.

Secondary stage
A non- itchy skin rash and/or mucous membrane lesions 
(sores in the mouth, vagina or anus) occur. This stage typi-
cally starts with the development of a rash on one or more 
areas of the body. The characteristic rash is rough red or 
reddish brown spots on the palms of the hands and the 

soles of the feet. However, rashes with a different appear-
ance may occur on other parts of the body, sometimes 
resembling rashes caused by other diseases. Sometimes 
the rashes are barely visible. Large raised grey or white 
lesions, known as condylomata lata, may develop in warm 
moist areas such as the mouth, underarm or groin region. 
In addition, there may be fever, swollen lymph glands, sore 
throat, patchy hair loss, headaches, weight loss, muscle 
aches and fatigue. The symptoms will resolve with or with-
out treatment, but if not treated the infection will progress 
to the latent and possibly late stages of disease.

Latent (hidden) and late stages
Without treatment, syphilis infection can persist without 
showing any signs or symptoms. Early latent syphilis 
is latent syphilis where infection occurred within the past 
12 months. Late latent syphilis is latent syphilis where 
infection occurred more than 1 year ago. 

Late stages (tertiary syphilis) develop in around 15% 
of people who have not been treated, and can appear 
10–20 years after infection was fi rst acquired. In the late 
stages of syphilis, the disease may damage the internal 
organs, including the brain, nerves, eyes, heart, blood ves-
sels, liver, bones and joints. Symptoms of the late stages of 
syphilis include diffi culty coordinating muscle movements, 
paralysis, numbness, gradual blindness and dementia. 

When it invades the nervous system, at any stage of 
infection, syphilis causes headache, altered behaviour, 
and movement disorders that occur in Parkinson’s and 
Huntington’s disease. 

HIV infection modifi es the symptoms and signs described 
above, including hypopigmented skin rashes. There is also 
a greater likelihood of neurological involvement.

Where disease is prevalent, most cases are asymp-
tomatic. At least 50% of women with acute syphilis have 
adverse pregnancy outcomes. The more recent the mater-
nal infection, the more likely it is that the fetus and infant 
will be infected. 

Congenital syphilis is divided into early (becoming 
apparent in the first 2 years of life) and late (becoming appar-
ent after the fi rst 2 years of life) types. At birth the following 
can be present: low birth weight, hepato- splenomegaly, 
pallor, jaundice and purpura, blisters or peeling of palms 
and soles. There can be diffi culties in feeding and rhinor-
rhea. If not treated immediately, the newborn baby may 
remain asymptomatic but more commonly develops serious 
problems within a few weeks affecting many body systems. 
Untreated babies may become developmentally delayed, 
have seizures or die.

Late congenital syphilis can present with the following: 
blunted upper incisor teeth known as Hutchinson’s teeth, 
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infl ammation of the cornea known as interstitial keratitis, 
deafness from auditory nerve disease, frontal bone boss-
ing, a saddle nose (collapse of the bony part of nose), 
defects of the hard palate, swollen knees, saber like shins, 
short maxillae and protruding mandible. A frequently- found 
group of symptoms is Hutchinson’s triad, which consists 
of Hutchinson’s teeth (notched incisors), keratitis and deaf-
ness and occurs in 63% of cases.

Treatment (with penicillin) before the development of 
these late symptoms is essential.

Congenital syphilis may occur if the expectant mother 
has syphilis, but the risk is minimal if she has been given 
penicillin during pregnancy. Congenital syphilis does not 
cause congenital malformations as infection of the fetus in 
early pregnancy is lethal.

Treatment with penicillin is extremely effective (98% 
success rate) in preventing mother- to- child transmission.

Diagnosis
There are two types of blood tests available, namely non- 
treponemal tests and treponemal tests.

Non- treponemal tests (e.g. VDRL and RPR) are sim-
ple, inexpensive, and are often used for screening. Ideally, 
women with a reactive non- treponemal test should receive 
a treponemal test to confi rm a syphilis diagnosis. 

Their sensitivity increases from primary to secondary 
syphilis, and their specificity is high in the absence of 
another chronic condition. 

The on- site RPR card test is quick and simple to use, 
allowing immediate treatment to be given. A simple strip 
of paper impregnated with treponemal antigen is used to 
test a fi nger- prick sample of blood. 

Treponemal tests such as the Treponema pallidum 
haemagglutination assay (TPHA) and Rapid Syphilis Test 
have higher sensitivity and specifi city and measure anti-
bodies that are specifi c for syphilis. Treponemal antibodies 
appear earlier than non- treponemal antibodies and usually 
remain detectable for life, even after successful treatment, 
and therefore do not correlate with disease activity. 

All pregnant women should be screened for syphilis at 
their fi rst antenatal visit with an on- site RPR or other rapid 
test and to prevent congenital infection, preferably before 
16 weeks’ gestation and again in the third trimester.

All women who were not screened or tested during 
pregnancy should be screened at or immediately after 
delivery. 

All infants born to mothers who have positive non- 
treponemal and treponemal test results should be evaluated 
for congenital syphilis.

Advise women who test positive that their partner(s) 
must also be investigated and treated if positive. 

Test all women with a history of adverse pregnancy 
outcome (e.g. abortion, stillbirth, syphilitic infant) for syphilis.

Screen all women with syphilis for other sexually trans-
mitted and HIV infections.

Treatment of pregnant women with 
syphilis
Early syphilis (primary, secondary or latent 
syphilis of not more than 2 years’ duration)
Give benzathine benzylpenicillin, 2.4 million IU intramus-
cularly (check that it is not injected into a vein), in a single 

session. Because of the high volume, this is usually given 
as two injections at separate sites.

Alternatively, give procaine benzylpenicillin 1.2 million 
IU intramuscularly (check that it is not injected into a vein) 
daily for 10 consecutive days.

If the patient is allergic to penicillin, give ceftriaxone 
500 mg IM/IV daily for 10 days. Erythromycin does not 
cross the placenta to treat the fetus.

Late latent syphilis (infection of more than 
2 years’ duration)
Give benzathine benzylpenicillin, 2.4 million IU intramuscu-
larly (check that it is not injected into a vein), once weekly 
for 3 consecutive weeks.

Alternatively, give procaine benzylpenicillin, 1.2 million 
IU intramuscularly (check that it is not injected into a vein), 
once daily for 20 consecutive days.

If the patient is allergic to penicillin, give ceftriaxone 
500 mg IM/IV daily for 14 days or (although this is less 
effective) erythromycin, 500 mg orally, four times a day for 
30 days. 

Treatment of congenital syphilis
All asymptomatic newborn infants born to seropositive 
mothers should be treated with a single IM dose of ben-
zathine benzylpenicillin, 50 000 IU/kg, whether or not their 
mothers were treated during pregnancy. Routine CSF 
examination is not required.

Newborn infants with any signs of congenital syphilis 
should receive:

 O aqueous benzylpenicillin, 100 000–150 000 IU/kg/day 
administered as 50 000 IU/kg/dose IV every 12 hours, 
during the first 7 days of life, and every 8 hours thereafter 
for a total of 10 days

or
 O procaine benzylpenicillin, 50 000 IU/kg by IM injection, 

as a single daily dose for 10 days (ensure that it is not 
injected into a vein). 

Early congenital syphilis generally responds well to penicillin. 
Recovery may be slow in seriously ill children with extensive 
skin, mucous membrane, bone or visceral involvement.

For older infants up to 2 years of age with confi rmed 
congenital syphilis the treatment is the same as above.

If the patient is allergic to penicillin (this is unusual), give 
ceftriaxone 80 mg/kg IM/IV once daily for 10 days or give 
erythromycin, 7.5–12.5 mg/kg orally, four times a day for 
14 days but erythromicin is less effective.

For infants older than 2 years, give aqueous benzylpeni-
cillin, 200 000–300 000 IU/kg/day by IM/IV administered as 
50 000 IU/kg/dose every 4–6 hours for 10–14 days.

An alternative regimen for penicillin- allergic patients after 
the first month of life is to give erythromycin, 7.5–12.5 mg/
kg orally, four times a day for 30 days.

Jarisch–Herxheimer reaction
After starting penicillin treatment in some patients, the 
death of the bacteria results in the release of mediators 
that produce the adverse symptoms and signs such as 
myalgias, fever, headache and tachycardia, sometimes 
with exacerbation of whatever current syphilitic lesions are 
manifested (e.g. rash, chancre). 

This reaction develops within several hours after 
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beginning antibiotic treatment, and usually clears within 
24 hours after its onset. It is very rare in newborn infants.

Management consists of symptomatic treatment (e.g. 
antipyretics, analgesics) and observation. In pregnancy, 
treatment may induce early labour or cause fetal distress. 
Patients should be informed of the possibility of this reaction 

before undergoing antibiotic therapy. However, this risk 
should not preclude or delay therapy for syphilis. Women 
are advised to seek obstetric care after treatment if they 
notice any fever, uterine contractions, or a decrease in 
fetal movement.

2.8.I Varicella zoster (chickenpox) in pregnancy

Introduction
Pregnant women and newborn infants are at risk of severe 
disease from varicella, involving serious effects on organs 
such as the lungs. 

Varicella is transmitted from respiratory aerosols and 
skin lesions in chickenpox itself, and from the skin lesions 
but not aerosols in shingles (which is not infectious until the 
skin lesions appear).

In chickenpox, patients are infectious for 48 hours prior 
to emergence of the rash and until all of the skin lesions 
are crusted over. 

The incubation period is 10–21 days. 
Non- immune patients are those without a history of 

chickenpox or shingles or a completed vaccination profi le. 
Immune status can be checked with blood varicella IgG 
measurement (if available). 

Clinical features in pregnancy
Congenital varicella syndrome (CVS)
In the fi rst or early second trimester infection may result in 
stillbirth, or the neonate may be born with a group of physi-
cal abnormalities known as congenital varicella syndrome 
(CVS). This is rare, occurring in 1–2.8% of women infected 
with chickenpox in the fi rst 20 weeks of gestation (the period 
of maximum risk is between 12 and 20 weeks’ gestation). 
There may be dermatomal scarring, limb hypoplasia, ocular 
abnormalities, low birth weight and early death. Survivors 
may have long- term developmental problems. An infant with 
CVS has a 30% risk of mortality in the fi rst few months of 
life, and a 15% risk of developing herpes zoster between 
2 months and 3 years of life. 

Varicella pneumonia 
Pregnant women with chickenpox may be more likely than 
non- pregnant women to develop severe pneumonitis. The 
risk is greatest in the third trimester, especially if lung dis-
ease is already present, or if the patient is a smoker or is 
immunocompromised (e.g. due to HIV infection). 

Symptoms start as a non- productive cough, which can 
rapidly progress to respiratory failure within 36–48 hours. 
The cough becomes increasingly productive, with tachyp-
noea, dyspnoea, cyanosis and chest pain. 

Perinatal infection
If a neonate is exposed (mother has a rash) around the time 
of birth (from 5 days before to 2 days after delivery), there 
is a 17–30% risk of dangerous perinatal infection. This is 
characterised by skin lesions, disseminated intravascular 

coagulation, pneumonitis and hepatitis, and it has a mortal-
ity of up to 30%.

Management
Maternal contact with varicella during 
pregnancy
If the patient is immune (see above for defi nition), no treat-
ment or isolation is required.

If she is non- immune and an IgG test is not available 
and affordable, then if she has had a signifi cant contact 
with chicken pox or shingles then give varicella zoster 
immunoglobulin (VZIG) (see below for details) within 4 days 
of contact if possible (maximum of 10 days after contact). 
Avoid contact with other pregnant women. The patient 
should be counselled regarding the signs of infection so 
that she can be treated early if it occurs.

Signifi cant exposure to chicken pox occurs after very 
limited contact with an infected person (any face to face 
contact and as little as 15 minutes in the same room as 
an infectious patient). The risk of contracting chicken pox 
from exposure to shingles is very low if the infection is not 
in an exposed area. 

Chickenpox during pregnancy
If this is mild, give oral aciclovir (see below for dose regimen) 
for 7 days, starting within 24 hours of the appearance of 
vesicles, and avoid contact with other pregnant women. In 
mild cases, aciclovir leads to little improvement. It is most 
important in women at risk of severe disease (immuno-
compromised, HIV infected, history of respiratory disease 
or smoking).

If it is severe, give IV aciclovir for 7 days. High- 
dependency care should be provided if available, as 
appropriate.

Prevention of neonatal chickenpox if the 
mother is infected from 7 days before to 
7 days after birth
Give VZIG to the neonate as soon as possible after delivery. 
Isolate the mother and infant. 

In addition, give IV aciclovir to the neonate if the onset 
of maternal symptoms was between 4 days before, and 
2 days after the birth.

Infant in contact with chickenpox other than 
from mother, or from mother who develops 
chickenpox more than 7 days after the birth
If the mother is immune and the infant is full term at birth, 
no prophylaxis is needed. Mild illness may occur.
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If the mother is not immune and the infant is less than 
4 weeks of age, and full term at birth, give varicella zoster 
immunoglobulin (VZIG) (if available). 

If the infant is preterm, and regardless of maternal 
immunity, give VZIG.

Regardless of whether VZIG is given, monitor the baby 
for signs of infection to enable early treatment should 
infection occur.

Shingles is very rare in infants and, if present, suspect 
HIV infection.

Doses of VZIG and aciclovir
In pregnancy
Aciclovir is of no benefi t if commenced more than 24 hours 
after the appearance of chickenpox vesicles.

 O Oral route: 800 mg fi ve times daily for 7 days (mildly ill 
cases only).

 O IV route: 10 mg/kg/dose every 8 hours for 7 days.

Side effects include nausea, vomiting, diarrhoea, headache 
and nephrotoxicity. Reduce the dose or dosage interval in 
patients with impaired renal function.

Varicella zoster immunoglobulin (VZIG): 1 gram IM. 
Anaphylaxis is rare, but ensure that adrenaline is available. 

In the neonate
Aciclovir 10–20 mg/kg IV every 8 hours for at least 7 days. 
Side effects are as described above. 

Varicella zoster immunoglobulin (VZIG): 250 mg by 
deep IM injection. 

2.9 Mental health problems associated with 
pregnancy and the postnatal period

BOX 2.9.1 Minimum standards
 Q Screening tools for depression, such as the Edinburgh 

Postnatal Depression Scale (EPDS).
 Q Selective serotonin reuptake inhibitor (SSRI) antide-

pressant drugs.
 Q Ideally, an inpatient hospital facility for mothers and 

babies when the mother has puerperal psychosis.
 Q Antipsychotic drugs.

Introduction
Childbirth poses a risk to a woman’s mental health. This 
applies to all women and girls who become pregnant 
in all countries, irrespective of their social and cultural 
background. However, the background will infl uence how 
a mother presents and how quickly she receives appropri-
ate care. 

Much of the research about pregnancy- related mental 
illness and its effects on the new baby has been done 
in high- income countries where it has been possible to 
develop specialised services. However, there is evidence 
that mental health problems in mothers are as common 
in low-  and middle- income countries. A number of risk 
factors that have been suggested as underlying maternal 
depression are listed in Box 2.9.2.

Perinatal psychiatric services have developed in many 
high- income countries, and involve liaison between psychi-
atric and obstetric services. The specialty covers women 
with pre- existing mental health problems who want to have 
a family, as well as mental illness that is fi rst diagnosed ante-
natally and postnatally. Maintaining the mental health of a 
pregnant woman benefi ts the family, and in some cases can 
prevent problems from developing postnatally. The onset 
of depression and anxiety in pregnancy or postnatally can 
be especially worrying for a woman and her family because 
it is contrary to their expectations that this will be a happy 
time. The woman may not want to admit how she is feeling, 

being ashamed both of her inability to feel joy about her 
newborn baby and of her perceived inability to cope, and 
fearing that she will be judged harshly for these feelings. 
This is especially important in countries and cultures where 
women and girls are not valued and their main role is per-
ceived to be the production of healthy babies.

Mild antenatal and postnatal depression can be 
managed with minimal resources and does not require 
medication. Recognition of the condition and practical 
help from family and friends can be enough to prevent 
depression affecting the care of the baby. Reassurance from 

BOX 2.9.2 Risk factors for development of 
maternal depression in low-  and middle- 
income countries

 Q Poverty and high levels of economic stress
 Q Low levels of social support
 Q Domestic violence
 Q Chronic maternal illness
 Q Maternal anaemia
 Q Lack of awareness among primary healthcare workers 

of depression as an illness 
 Q Social stigma associated with a family member being 

diagnosed with a mental illness
 Q Families with four or more children, especially when 

the children are under 7 years of age
 Q Having a preterm infant or an infant with a low birth 

weight
 Q Having a child with a developmental disability
 Q Having an unplanned or unwanted infant
 Q Having a female child in a culture where there is a strong 

preference for male children
 Q Lack of participation in family financial decisions, 

control of resources and reproductive health

Adapted from Wachs, Black and Engle (2009).
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healthcare professionals can help the mother and her family 
to realise that she is not on her own in her feelings. To a 
depressed new mother it can feel as if every other mother 
is better than her, and to know that this is not the case can 
be extremely helpful. If antidepressants are available they 
may, in selected cases, speed up recovery (see below).

However, there are serious psychiatric conditions 
associated with childbirth that can necessitate prompt 
psychiatric treatment and admission of the mother to a 
psychiatric hospital, preferably with her baby. The most 
serious of these conditions, puerperal psychosis, has 
been described as the only true psychiatric emergency. 
Usually rare, this condition is more common in women who 
have had a manic episode and have been diagnosed with 
bipolar affective disorder. A history of a previous episode 
of puerperal psychosis considerably increases the risk of 
having another episode following subsequent pregnancies. 
Knowing that a woman is at risk provides an opportunity for 
prevention – either of the illness itself, or of the repercus-
sions of the illness if it has not been possible to prevent it. 

Antepartum psychiatric disorders 
There is evidence that psychiatric symptoms occur as 
frequently antenatally as postnatally, with an estimated 
prevalence of 10–15%. The symptoms are often of mild 
depression and anxiety. Careful enquiry may reveal that the 
symptoms were present before conception. The develop-
ment of a serious psychiatric condition in the antenatal 
period is no more common than at other times, but if a 
diagnosis is made during pregnancy, the decision to start 
medication has to balance the severity of the mother’s ill-
ness against the adverse effects of medication on the fetus.

Women with mild symptoms usually present early in 
pregnancy, and may improve as the pregnancy progresses. 
Hyperemesis can make the fi rst trimester miserable and 
lead women to express thoughts of rejecting the pregnancy. 
Sometimes this is mistaken for evidence of depression. 
The third trimester can be a time of anxiety about labour 
and the impending birth, especially for fi rst- time mothers 
or those who have had previous complicated deliveries. 
The factors that make women and girls more vulnerable 
are listed in Box 2.9.3.

Supportive counselling is often suffi cient to improve the 
mental health of most women, but if antidepressants are 
indicated, there needs to be a discussion about the risks 
and benefi ts before they are prescribed. The selective sero-
tonin reuptake inhibitors (SSRIs) fl uoxetine and sertraline 
seem to have the best safety profi le, but new information 
is emerging as more women take antidepressants in preg-
nancy and clinicians continually evaluate the safety profi le 
of this class of drugs. There is increasing evidence that the 
SSRI antidepressants, especially paroxetine, are associ-
ated with an increased risk of cardiac abnormalities in the 
baby if taken during embryogenesis. However, the risk is 
still relatively low (4%), and has to be balanced against the 
risks to the pregnancy if the depression is left untreated. 
If SSRIs are not available, tricyclic antidepressants can be 
effective, but prescribers must be wary of patients with 
suicidal ideation, as the tricyclic antidepressants are more 
dangerous than SSRIs when taken in overdose. 

A woman with an established diagnosis of bipolar 
disorder may be taking a mood stabiliser such as lithium, 
sodium valproate or carbamazepine, and these are 

associated with increased fetal malformations, so con-
sideration needs to be given to stopping them prior to 
conception. In women in whom relapse has occurred when 
stopping lithium, the balance between risks and benefi ts is 
probably in favour of continuing the drug. This is less likely 
to be the case for sodium valproate or carbamazepine.

BOX 2.9.3 Factors that increase the risk of 
antenatal depression and/or anxiety

 Q Previous obstetric loss
 Q Previous fertility problems
 Q Anxiety about the viability of the pregnancy
 Q Social and interpersonal adversity
 Q Feelings of ambivalence about the pregnancy
 Q Previous depression and/or anxiety associated with 

pregnancy

Postpartum psychiatric disorders
Psychiatric disorders that present postnatally are tradition-
ally classifi ed into three types as shown in Box 2.9.4. Other 
conditions can also present at this time, and it has been 
suggested that the term postnatal common mental disor-
ders is more useful for distinguishing the milder depressive, 
anxiety and obsessional disorders from the more severe 
depressive disorders and puerperal psychosis.

BOX 2.9.4 Postpartum- onset psychiatric 
disorders
Maternity blues 
Postnatal depression

 Q Mild
 Q Moderate
 Q Severe

Puerperal psychosis
Anxiety and obsessive- compulsive disorders

Maternity blues 
This is generally a mild and self- limiting condition that affects 
over 50% of women, usually between day 3 and day 10 
postnatally, but most commonly on day 5. A hormonal 
cause has been postulated for this transient condition, 
which is marked by variability of mood, feelings of confusion, 
irritability, insomnia and a feeling of not being able to cope. 
It is generally self-limiting, although if it is longer- lasting or 
more severe than usual, it can herald problems later in the 
postnatal period. Reassurance is usually suffi cient to help 
the woman through this period, which usually last about 
48 hours.

Postnatal depression
It is estimated that around 10% of woman develop symp-
toms of depression postnatally. The majority of these 
symptoms will be relatively mild and overlap with the pro-
cess of adjusting to having a baby, particularly (although not 
exclusively) following the birth of a fi rst child. In most cases 
a diagnosis will not be made until about 6 weeks after the 
onset of the depression. 

Symptoms are not dissimilar to those that occur in 
non- puerperal depression, but sleep and appetite are 
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often disrupted because of the baby’s presence, so dif-
ferent questions may need to be asked in order to elicit 
a diagnosis. The mother may not recognise that she is 
depressed and so does not share how she is feeling. The 
commonly experienced anhedonia (inability to feel pleasure) 
is particularly diffi cult at this time, when the mother (and 
those around her) feels that she should be happy. This can 
lead her to conclude that she is a poor mother. Meanwhile 
others, particularly in western cultures, may state that there 
is a problem with bonding, which can exacerbate her guilt 
and low mood. Obsessional symptoms and irritability are 
also often reported.

The Edinburgh Postnatal Depression Scale (EPDS) is a 
screening tool (see Appendix) which has been translated 
into a number of languages and used across diverse cultural 
settings. It requires no psychiatric training to administer, and 
so can be used by healthcare workers to identify mothers 
who may be depressed. 

Two recent studies in Ethiopia showed the EPDS to 
be less effective in rural areas than in urban ones. For 
rural Ethiopia the self- reporting questionnaire (SRQ) was 
considered to be superior. In urban areas the Kessler 
Psychological Distress Scale (which is used to assess 
psychological distress in various situations) and the EPDS 
were reported to be equally effective screening tools, but 
it was suggested that the Kessler Psychological Distress 
Scale may be more effective in detecting postnatal mental 
health disorders in this setting. 

When the depression is mild, relatively simple interven-
tions can be very effective, including listening to the mother’s 
concerns, reassuring her that her feelings do not mean she 
is a bad mother, and giving practical help with the baby, 
allowing her to rest as much as possible. Antidepressants 
are not usually indicated in mild depression.

In cases of moderate depression with persistent low 
mood, reduced sleep and appetite, poor concentration, 
feelings of not being able to cope, and lack of improvement 
when practical help and support are given, antidepressants 
are likely to be needed. If available, sertraline or paroxetine 
are the SSRIs with the lowest relative infant dose (i.e. the 
amount passing to the infant through breast milk), so are 
the safest ones for breastfeeding mothers.

 O Sertraline: starting dose is 50 mg, with a maximum 
dose of 200 mg daily.

 O Paroxetine: starting dose is 20 mg, with a maximum 
dose of 60 mg daily. 

The most commonly reported side effect for both of these 
drugs is nausea, which wears off after 2 to 3 weeks – the 
same time that it takes for the therapeutic effects to begin 
to appear – so the mother needs to be warned about this.

Imipramine and amitriptyline also appear to be safe in 
breastfeeding mothers. 

 O Imipramine: starting dose is 25 mg three times daily, 
increasing to a maximum total daily dose of 200 mg.

 O Amitriptyline: starting dose is 25 to 100 mg total daily 
dose, given in three doses during the day or (usually 
more acceptably, because of its sedative effects) once 
at night. The maintenance dose is a total daily dose 
of 75 to 150 mg/day. Rarely a total daily dose of up to 
300 mg may be used. 

Side effects include sedation, postural hypotension, dry 
mouth, blurred vision, constipation, urinary retention 

and increased body temperature. In overdose imipra-
mine and amitriptyline are cardiotoxic, and this has to 
be considered when prescribing for a mother who may 
be experiencing suicidal thoughts. However, if these are 
the only drugs available, this risk needs to be weighed 
against the ongoing suicide risk if the mother is not given 
antidepressants.

Severe postnatal depression affects about 3% of 
women and can merge with puerperal psychosis. It tends 
to occur early postnatally, and it is likely to be obvious that 
the mother is unwell. Sleep is evasive, even when the baby 
sleeps well through the night. Appetite will be markedly 
reduced, with marked weight loss. Most mothers, even 
when very depressed, will use all their energies on the baby 
and neglect themselves. Depressive delusions can develop, 
with the mother believing that the baby would be better 
off without her, and this leads to a signifi cant suicide risk. 
The risk of the mother taking the baby with her in a suicide 
attempt, although rare, has to be considered, though again 
this should be managed by closely monitoring the mother 
while keeping her baby with her. Separating the mother from 
the baby can increase the woman’s sense of desperation 
and feelings of failure as a mother. 

Admission of the mother and baby to a suitable hospital 
setting (if available) is the ideal way to manage a woman with 
severe delusional postnatal depression. Electroconvulsive 
treatment ECT), but only if given under general anaes-
thesia and safely, is indicated, often fairly early after the 
onset of symptoms, as this can treat the mother quickly and 
reduce the amount of time she is unwell. Antidepressants 
should be given (see above for doses; the SSRI group is 
likely to be the best and safest option if available), and also 
antipsychotics if these are needed. 

Once improved, the mother is likely to benefi t from the 
supportive measures described for milder types of postnatal 
depression. It is not only possible but desirable to continue 
breastfeeding, whether or not the mother is being treated 
with antidepressants. If antipsychotics are also required, 
breastfeeding can continue. Adequate sleep for the mother 
can be achieved by her expressing breast milk and other 
family members giving this to the baby from a cup and 
spoon whenever the baby wakes during the night. 

Puerperal psychosis
This is the most severe postpartum mood disorder, and 
symptoms can appear rapidly. The usual incidence is 1 in 
500 deliveries. It is a great shock to the mother and her 
family when it develops with no prior warning. However, a 
previous diagnosis of bipolar disorder or puerperal psycho-
sis increases the risk to as much as 1 in 2. This presents 
the clinician with an opportunity to identify women at 
risk antenatally, consider the options for prevention, and 
develop a plan of management for the puerperium should 
the mother become unwell.

Characteristically, the woman may have been mentally 
healthy during her pregnancy, which may have given her 
and her family hope that all would be well in the puerperium. 
Typically there is a sudden onset of symptoms, most com-
monly in the fi rst 2 weeks following childbirth. Sometimes 
the symptoms appear to come on overnight. The symptoms 
vary, but tend to progress rapidly over the fi rst few days, 
and characteristically include the following:

 O perplexity and confusion 
 O overactivity
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 O insomnia 
 O marked behavioural changes.

These common presenting features are often accompa-
nied by a fear that something will happen to the mother 
or the baby, or sometimes a belief that the baby is not her 
own. The woman is usually easily distracted, with grossly 
impaired concentration, and is unable to fi nish one task 
before trying to start another, in a markedly disorganised 
way. This signifi cantly interferes with her ability to look after 
her baby. Pointing this out often causes her even more 
distress. This can reinforce delusional beliefs that the baby 
is not her own, or that others are going to take her baby 
away, especially if she is separated from the baby because 
of her illness. A strong affective component is often present, 
usually hypomania or labile emotions, although this can 
develop into a more typically depressive picture.

During the acute phase there is a risk of harm to the 
mother or child, mainly due to the mother’s chaotic behav-
iour which may unintentionally lead to neglect of the infant, 
rather than to any deliberately harmful actions on her part. 
Rarely, a mother may describe delusional beliefs involving 
the baby that could lead to direct harm, but this is very unu-
sual. Although these risks to the child obviously have to be 
borne in mind, it is important to note that most mothers do 
not want to harm their babies. This risk should be managed 
wherever possible by keeping the mother and baby together 
and supervising them very closely. Even when the mother 
is very unwell and unable to manage much of the baby’s 
care herself, both mother and baby benefi t from being in 
close proximity. The mother can then be encouraged to take 
over more of the baby’s care as her mental state improves, 
re- establishing the mother–child bond.

Women or girls with puerperal psychosis will frequently 
need medication, and the type of drug will depend on the 
predominant symptoms. In settings where the choice of 
medication is limited, the older antipsychotics can be just 
as effective as more modern drugs, and, with monitor-
ing, breastfeeding can be continued, although it should 
be remembered that the disorganised behaviour of the 
mother can make breastfeeding diffi cult. It is therefore very 
important to supervise this. 

Chlorpromazine is an inexpensive and generally widely 
available ‘typical’ antipsychotic drug which is very effec-
tive but tends to have been superseded in well- resourced 
countries by the ‘atypical’ antipsychotics with their more 
acceptable side- effect profi le. Nevertheless, chlorproma-
zine is effi cacious and the dose can be titrated up quite 
rapidly from 50 mg four times daily to as high as 1000 mg 
daily. Side effects include sedation (which can be benefi -
cial in the acute stages of illness), dry mouth, nausea and 
parkinsonism (mask- like face, slowing and stiffness of gait, 
and tremor), although the inherent anticholinergic proper-
ties of chlorpromazine mean that this is not so common 
as with some of the other typical antipsychotic drugs (e.g. 
haloperidol). 

Haloperidol is given at a dose of 0.5–3 mg two to three 
times daily, with a maximum daily dose of 30 mg orally. It is 
also often used in emergency situations as an IM injection 
of 5 mg or 10 mg, with a maximum daily dose of 18 mg IM.

The atypical antipsychotic drugs include risperidone, 
for which the starting dose is 1 mg twice daily, with a 
maximum daily dose of 6 mg, and olanzapine, for which 
the starting dose is 10 mg, with a maximum daily dose 

of 20 mg. Although these drugs have a low incidence of 
parkinsonism, they are associated with weight gain and an 
increased risk of type 2 diabetes. 

If a woman on an atypical antipsychotic wishes to 
conceive, she may want to switch to a typical drug, as 
there is longer- term evidence for their safety. However, this 
introduces a risk of relapse, and she may not want to take 
that risk. Also if a woman has conceived while on an atypical 
antipsychotic, the balance is probably in favour of continu-
ing it, although, if possible, the dose could be reduced. 

In mothers who present with puerperal psychosis, the 
prognosis is generally good if treatment is available, but 
they may remain vulnerable for several months even when 
the psychotic symptoms remit. As the psychotic symptoms 
improve and insight develops, the mother may experience a 
period of depressed mood as she adjusts to what has hap-
pened. However, recovery is usually complete by 6 months, 
although there is a risk of relapse at other times, particularly 
in a subsequent pregnancy.

In a woman with a pre- existing diagnosis of bipolar dis-
order, the management of labour is important for reducing 
the risk of a puerperal psychosis. Where possible, sleep 
deprivation should be minimised in order to reduce the 
risk of the illness developing. The importance of letting the 
mother sleep when she can following childbirth should be 
emphasised to the family, and the father should be asked 
to undertake as much care as possible during the night. 

The effectiveness of using prophylactic antipsychotic 
drugs has yet to be established. The trigger for puerperal 
psychosis appears to be biological, but so far the condi-
tion has proved diffi cult to prevent, even when treatment 
is continued through pregnancy. It is therefore essential to 
have a plan in place for what to do if the mother becomes 
unwell, and this can also reduce stress for the family.

Anxiety disorders and obsessive- compulsive 
disorders
Women and girls with a history of anxiety disorders and 
obsessive- compulsive disorders may relapse postnatally. 

Anxiety can range from mild concerns about the health 
of the baby to extreme anxiety that the baby may be seri-
ously unwell, with constant vigilance and fear of a sudden 
infant death. The mother may seek and receive much 
reassurance from family and healthcare workers, yet remain 
concerned.

Mothers may experience obsessional thoughts or 
images of their babies being harmed, and sometimes the 
thought is that they will be the person to harm the baby. 
This can cause great distress, as the mother may fear that 
she will act on these thoughts, and so will avoid caring 
for her baby and allow her family to do so instead, which 
will reinforce her belief that she is a bad mother. Careful 
diagnostic exploration to identify obsessional rather than 
psychotic symptoms is essential in such cases. 

Non- delusional, non- psychotic obsessions have the 
following characteristics:

 O They come into the mind fully formed.
 O They are recognised as the mother’s own thoughts and 

not placed there by someone else.
 O They are not voices telling her to harm her child.
 O They are repetitive and intrusive.
 O They are diffi cult to push away.

This analysis should be followed by an explanation of the 
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nature of these thoughts. The mother will need encour-
agement to continue to care for her baby despite these 
abnormal thoughts, and to dispel the belief that she is a 
bad mother. These intrusive thoughts can lead to immense 
guilt and feelings of incompetence. Therefore allowing the 
mother to express her concerns and be reassured can be 
very therapeutic. Antidepressants may be indicated, even 
in the absence of other biological symptoms of depression.

Benzodiazepines such as diazepam must not be 
used regularly in pregnancy. When taken later in preg-
nancy they can cause withdrawal symptoms, hypotonia 
and agitation in the newborn. 

Effect of maternal mental health 
disorders on the infant
For the majority of women experiencing symptoms of 
depression and anxiety during pregnancy or in the early 
postnatal period, their ability to care for their baby is not 
signifi cantly compromised. However, there are many studies 
describing the adverse effects of maternal depression on 
early childhood development, and chronic depression does 
have deleterious effects on the whole family. This evidence 
needs to be taken seriously from a public health point of 
view to highlight the problem and aid development of ser-
vices. However, it is also important to remember that for an 
individual mother the thought that she may be regarded as 
causing harm to her baby will reinforce the guilt that she is 
already feeling, and delay recovery. Several of the factors 
listed in Box 2.9.2, while predisposing to maternal depres-
sion, are also going to disadvantage the child, so addressing 
these where possible will benefi t both mother and child.
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Appendix

Edinburgh Postnatal Depression Scale (EPDS)

Name:  _________________________________________________________________________________________  
Address:  _______________________________________________________________________________________
Your date of birth: ____________________
Baby’s date of birth: ___________________ Phone number: _________________________

Instructions
As you have recently had a baby, we would like to know 
how you are feeling now. Please choose the answer that 
comes closest to how you have felt IN THE PAST WEEK, not 
just how you feel today.

Here is an example, already completed.
I have felt happy:
� Yes, all of the time
� Yes, most of the time (This would mean: ‘I have felt 

happy most of the time’ during the past week)
� No, not very often
� No, not at all

In the past 7 days:

Question 1
In the past week I have been able to laugh and see the 
funny side of things:
 � As much as I always could
 � Not quite so much now
 � Defi nitely not so much now
 � Not at all

Question 2
In the past week I have looked forward with enjoyment to 
things: 
 � As much as I ever did
 � Rather less than I used to
 � Defi nitely less than I used to
� Hardly at all

Question 3*
In the past week I have blamed myself unnecessarily when 
things went wrong:
� Yes, most of the time
� Yes, some of the time
� Not very often
� No, never

Question 4
In the past week I have been anxious or worried for no 
good reason:
� No, not at all
� Hardly ever
� Yes, sometimes
� Yes, very often

Question 5*
In the last week I have felt scared or panicky for no very 
good reason:
� Yes, quite a lot
� Yes, sometimes
� No, not much
� No, not at all

Question 6*
In the past week things have been getting on top of me:
� Yes, most of the time I haven’t been able to cope at all
� Yes, sometimes I haven’t been coping as well as usual
� No, most of the time I have coped quite well
� No, I have been coping as well as ever

Question 7*
In the past week I have been so unhappy that I have dif-
fi culty sleeping:
� Yes, most of the time
� Yes, sometimes
� Not very often
� No, not at all

Question 8*
In the past week I have felt sad or miserable:
� Yes, most of the time
� Yes, quite often
� Not very often
� No, not at all

Question 9*
In the past week I have been so unhappy that I have been 
crying:
� Yes, most of the time
� Yes, quite often
� Only occasionally
� No, never

Question 10*
In the past week the thought of harming myself has 
occurred to me:
� Yes, quite often
� Sometimes
� Hardly ever
� Never

Administered/reviewed by: ________________________________ Date: ________ 

Source: Cox JL, Holden JM and Sagovsky R (1987) Detection of postnatal depression: development of the 10- item Edinburgh 
Postnatal Depression Scale. British Journal of Psychiatry, 150, 782–6.
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Instructions for using the Edinburgh 
Postnatal Depression Scale
1 The mother is asked to check the response that comes 

closest to how she has been feeling in the previous 
7 days.

2 All of the items must be completed.
3 Care should be taken to avoid the possibility of the 

mother discussing her answers with others. Answers 
must come from the mother or pregnant woman.

4 The mother should complete the scale herself, unless 
she has limited English or has diffi culty with reading.

Mothers who score above 13 are likely to be suffering from 
a depressive illness of varying severity. The EPDS score 
should not override clinical judgement. A careful clinical 
assessment should be undertaken to confi rm the diagnosis. 

The scale indicates how the mother has felt during the 
previous week. In doubtful cases it may be useful to repeat 
the tool after 2 weeks. The scale will not detect mothers 
with anxiety neuroses, phobias or personality disorders.

Scoring
Questions 1, 2 and 4 (without an asterisk) are scored 
0, 1, 2 or 3, with the top box scored as 0 and the bottom 
box scored as 3.

Questions 3, 5, 6, 7, 8, 9 and 10 (marked with an 
asterisk) are reverse scored, with the top box scored as 3 
and the bottom box scored as 0.

The maximum possible score is 30.
Possible depression is indicated by a score of * 10.
Always look at item 10 (suicidal thoughts).

2.10 Female genital cutting 

Introduction
What is female genital cutting?
Female genital cutting (FGC), also known as female circum-
cision or female genital mutilation, refers to all procedures 
involving partial or total removal of the external female geni-
talia, or other injury to the female organs for non- therapeutic 
reasons. It ranges from very simple to radical, and may be 
carried out between birth and puberty, or can be performed 
just before marriage or childbirth. 

FGC varies across cultures, ethnic groups and tribal 
affi liations; there is also some variation in the types of cutting 
undertaken within cultures, ethnicity and tribes. The World 
Health Organization has estimated that 130 million women 
worldwide have undergone FGC. There are an estimated 2 
million infants, girls and women at risk each year.

The European Parliamentary Committee on Women’s 
Rights and Gender Equality states that around 500 000 
women and girls living in Europe have been subjected to 
FGC.

A practice of performing a symbolic form of infi bulation 
to accompany the usual ceremonies has been recently 
adopted in Somalia. The procedure consists of apply-
ing to the clitoris a small needle (sterile insulin needle) to 
obtain a drop of blood. The practice is called ‘Sunna’ and 
is not yet widespread in the country. It is performed only 
by enlightened women in that society, but hopefully it will 
attract others to adopt this approach while awaiting a time 
when all forms of this practice end.

Who performs FGC?
FGC is commonly performed by traditional medicine prac-
titioners, including traditional birth attendants, local women 
or men, or female family members. Such individuals do not 
have formal medical training, and usually perform cutting 
without anaesthesia or asepsis with crude instruments 
such as kitchen knives or razor blades. It is not uncommon 

for those who perform FGC to cut or damage more of the 
genital area than they intended to. Increasingly, doctors are 
also undertaking these procedures. 

The health problems associated with FGC are life- 
threatening haemorrhage, sometimes death during or 
shortly after the procedure (from haemorrhage or infection), 
death during pregnancy, the need for assistance during 
childbirth due to interference with normal delivery, and the 
spread of HIV/AIDS and hepatitis due to the frequent use 
of unclean and unsterile instruments. There are also links to 
mental illness in the victims and to intimate partner violence.

Prevalence of FGC
FGC is practised in about 28 countries in Africa, Asia and 
the Middle East. A recent interview by Integrated Regional 
Information Networks (IRIN) in 2012 confi rmed that FGC is 
still being practised in Pakistan. It is estimated that at least 
50–60% of Bohra women undergo FGC; this is usually a 
symbolic snipping of the clitoris. 

TABLE 2.10.1 Estimated prevalence of FGC by country

Country Estimated prevalence of 
FGC in girls and women 
aged 15–49 years (%)

Year

Benin 16.8 2001

Cameroon 1.4 2004

Chad 44.9 2004

Central African Republic 25.7 2005

Djibouti 93.1 2006

Egypt 95.8 2005

Ethiopia 74.7 2005

Eritrea 95.0 1995
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Country Estimated prevalence of 
FGC in girls and women 
aged 15–49 years (%)

Year

Guinea Bissau 44.5 2005

Ghana 3.8 2005

Guinea 95.6 2005

Gambia 78.3 2005

Ivory Coast 41.7 2005

Liberia 45.0

Mali 91.6 2001

Mauritania 71.3 2001

Nigeria 19.0 2003

Niger 2.2 2006

Sierra Leone 90.0 2003

Senegal 28.2 2005

Somalia 97.9 2005

Sudan, northern 
(approximately 80% of 
total population in survey)

90.0 2000

Kenya 32.2 2003

Togo 5.8 2005

United Republic of 
Tanzania

14.6 2004

Uganda 0.6 2006

Yemen 22.6 1997

Burkina- Faso 72.5 2005

Data taken from OHCHR, UNAIDS, UNDP, UNECA, UNESCO, 
UNFPA, UNHCR, UNICEF, UNIFEM and WHO (2008) Eliminating 
Female Genital Cutting: an interagency statement. www.
un.org/womenwatch/daw/csw/csw52/statements_missions/
Interagency_Statement_on_Eliminating_FGM.pdf

Types of female genital cutting
The WHO has classifi ed FGC into four types.

 O type 1: excision of the prepuce, with or without excision 
of the clitoris, entirely or in part

 O type 2: excision of the clitoris with partial or total excision 
of the labia minora

 O type 3: excision of part or all of the external genitalia and 
stitching/narrowing of the vaginal opening (also known 
as infi bulation). This type is most common in countries 
in the Horn of Africa, namely Sudan, Eritrea, Djibouti, 
Ethiopia and Somalia 

 O type 4: unclassifi ed – includes pricking or incising of the 
clitoris or labia, cauterisation by burning of the clitoris, 
or introduction of corrosive substances or herbs into 
the vagina; sometimes the clitoris is buried rather than 
excised.

Around 90% of FGC is of types 1, 2 and 4, and 10% is of 
type 3 (infi bulation). The type often varies depending on 
ethnicity. 

The age at which FGC is undertaken varies between 
countries. In Ethiopia, Eritrea and Yemen most girls will 
have been mutilated in infancy. In Egypt, 90% are mutilated 
between 5 and 15 years of age. 

FIGURE 2.10.1 Normal female external genitalia.

FIGURE 2.10.2 Area of tissue removed in type 1 female genital 
cutting.

FIGURE 2.10.3 Area of tissue removed in type 2 female genital 
cutting.

FIGURE 2.10.4 Appearance of genitalia after type 2 female genital 
cutting.

FIGURE 2.10.5 Appearance of genitalia after type 3 female genital 
cutting.
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Implications and complications of FGC
FGC is dangerous to girls’ and women’s health and psycho-
logical well- being. It can cause urological, gynaecological 
and obstetric problems. Around 10% of girls and women 
are estimated to die from the short- term complications of 
FGC, such as haemorrhage, shock and infection. Another 
25% die in the long term as a result of recurrent urinary and 
vaginal infections and complications during childbirth, such 
as severe bleeding and obstructed labour.

Short- term complications
These include the following:

 O haemorrhage and anaemia
 O severe pain (it is almost always the case that no local 

anaesthetic is given)
 O shock (due to haemorrhage and/or pain)
 O death from shock (due to haemorrhage and/or pain)
 O diffi culty passing urine or faeces
 O urinary tract infection
 O urethral meatus injuries, prolonged micturition, and 

dysuria
 O injury to adjacent tissues
 O damage to other organs
 O fractures or dislocation due to restraint during the 

procedure
 O infection due to tetanus, and bloodborne viruses such 

as HIV, and hepatitis B and C
 O vulval abscess.

Long- term complications
These include the following:

 O chronic pain
 O chronic pelvic infection
 O haematocolpos (obstruction to menstrual fl ow, leading 

to dangerous swelling of the vagina)
 O keloid scarring
 O decreased quality of sexual life, including pain on 

intercourse
 O complications in pregnancy and childbirth, including 

obstructed labour (see below)
 O psychological damage, including fear and anxiety dur-

ing labour and delivery, as well as post- traumatic stress 
disorder and depression

 O psychosexual effects; fear of and anxiety about sexual 
intercourse, diffi culties with penetration, marital break-
down and divorce.

Complications during childbirth
Women who have undergone FGC are more likely to experi-
ence diffi culties during childbirth, and their babies are more 
likely to die. A WHO study conducted in 2006 in six African 
countries showed an increased risk of possible obstetric 
complications in women who had been subjected to FGC 
compared with women who had not undergone this pro-
cedure. The same study showed an increased incidence 
of maternal death, Caesarean section, postpartum haem-
orrhage and neonatal resuscitation, as well as prolonged 
hospital stays, in women who had undergone FGC.

Management during pregnancy, labour 
and the postnatal period
Antenatal period
All women and girls who have been subjected to FGC 

should be identifi ed at antenatal booking or the gynaeco-
logical clinic by asking questions such as ‘Have you been 
closed?’ or ‘Did you have the cut or operation as a child?’ 
Most women will then assume that you know about FGC, 
and further questions can be asked, such as ‘Do you have 
any problems with passing urine or menstruation?’ or ‘How 
long does it take to pass urine?’ Once the issue is raised, 
the woman may then feel comfortable discussing it further 
with the midwife or doctor.

Reversal of FGC (de- infi bulation)
Reversal (de- infi bulation) is best undertaken at 17–18 weeks’ 
gestation (mid- trimester) by a specialist midwife or surgeon, 
to enable easy access to the vaginal orifi ce and urethra 
during labour. Performing reversal in the second trimester 
ensures complete healing prior to labour. Reversal is not 
recommended in the fi rst trimester, as the procedure may 
be wrongly blamed for fetal loss.

Antenatal reversal is essential to assist in vaginal 
examinations using a speculum, and in urinary catheteri-
sation. It may also prevent recurrent urinary tract infection. 
Local anaesthesia is encouraged for reversal, but general 
anaesthesia may be necessary if the woman suffers from 
fl ashbacks to childhood trauma.

Post- reversal care during the antenatal period should 
include adequate pain relief and promotion of personal 
hygiene. Some re- education may be necessary, as some 
women will have forgotten, or may never have known, what 
normal micturition or menstruation is like.

Labour
The aim is a normal delivery, with Caesarean section only for 
the usual obstetric indications. The woman should receive 
standard care in labour.

If the woman has not been seen antenatally, or if she 
has chosen not to have reversal undertaken, an individual 
assessment should be made on admission in labour, 
regarding the need for reversal and/or episiotomy to facili-
tate delivery.

If she has sustained FGC type 3 (infi bulation), a midline 
incision should be made to expose the introitus and ure-
thra, after infi ltration with 1% lignocaine. Infi bulated women 
should have a midline incision and medio- lateral episiotomy 
only if necessary.

Adequate pain relief is very important, especially as 
fl ashbacks may occur.

Bladder care is very important during labour, to avoid 
damage to the bladder and the urethra (catheterisation is 
not usually necessary; encourage frequent voiding).

Care following delivery
If suturing is needed, it should occur promptly. Re- 
infi bulation of FGC type 3 must not be carried out at this time. 

If a midline incision has been made to open a type 2 or 
3 FGC to enable delivery, then each side of the incision is 
over sewn separately on either side. In this way the FGC is 
‘reversed’ and haemostasis achieved.

Postnatal period
Immediate care following delivery should include the 
following:

 O adequate pain relief.
 O perineal care
 O re- education. Some women will have forgotten or will 
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never have known what normal micturition or menstrua-
tion is like. 

Following discharge from the healthcare facility, continued 
support for the woman should be provided. If reversal is 
performed in labour, there should be a post- reversal check 
4 to 6 weeks later.

If the woman has delivered a baby girl, support and 
information should be given, encouraging her not to infl ict or 
allow others to infl ict the same procedure on her daughter.

Safeguarding children who are at risk 
of FGC 

 O The safety and welfare of the child is paramount.
 O All agencies must act in the best interests of the rights of 

the child as stated in the UN Convention on the Rights 
of the Child (1989).

 O In some countries, FGC is illegal.

Laws and FGC
The following countries in Africa have issued laws against 
FGC, although this does not mean that the prevalence of 
FGC has been signifi cantly reduced:

 O Benin (2003)
 O Burkina Faso (1996)
 O Central Africa Republic (1966)
 O Chad (2003)
 O Cote d’Ivoire (1998)
 O Djibouti (1994)
 O Egypt (Ministerial Decree) (1996)
 O Ethiopia (2004)
 O Ghana (1994)
 O Guinea (1965)
 O Kenya (2001)
 O Niger (2003)
 O Senegal (1999)
 O Tanzania (1998)
 O Togo (1998)
 O Nigeria (multiple states) (1999–2002).

It is acknowledged that some families see FGC as an act 
of love rather than of cruelty. However, FGC causes signifi -
cant harm in both the short and long term, and constitutes 
physical and emotional abuse of children.

All decisions or plans for the child(ren) should be based 
on good- quality assessments. They should be sensitive to 
issues of race, culture, gender, religion and sexuality, and 
should avoid stigmatising the child or the practising com-
munity as far as possible.

Accessible, acceptable and sensitive involvement with 
the health, education, police, children’s social care and 
voluntary- sector services may be needed.

All agencies should work in partnership with members 
of local communities, to empower individuals and groups 
to develop support networks and education programmes.

Appropriate care for women and girls 
who have been subjected to FGC

 O Provide access to information, support and services.
 O Provide care pathways and guidelines for professionals.
 O Ensure that information is accurate and up to date.
 O Empower women and girls and encourage them to 

speak out and seek help.
 O Engage and mobilise all concerned, and develop an 

understanding of cultural diversity.
 O Be open and supporting, sensitive and non- judgemental.
 O Encourage alternative rites to FGC. This is a strategy 

that retains all of the rites of passage or initiation that 
the girls would traditionally undergo, except for the 
genital cutting. The girls are still encouraged to learn 
essential domestic duties that would be useful when 
they get married.

Conclusion
FGC is a violation of human rights. It is essential to empower 
women and girls, to encourage women to have a voice, and 
to raise awareness of the dangers of FGC. Engagement 
with all concerned local communities is crucial, including 
community and religious leaders. 

As has been expressed so beautifully by Uche Umeh, 
‘When culture kills, when culture silences, when culture is 
complicit then culture must be changed.’ 

It is essential to work with all professionals. We all have 
a duty and a responsibility to safeguard girls who are at risk 
of FGC, as the welfare of children is paramount.

2.11 Domestic/intimate partner violence and 
pregnancy

Introduction
Everyone has a fundamental right to be, and remain, safe 
from harm. Domestic violence, also described as intimate 
partner violence, is defi ned as ‘any incident of threaten-
ing behaviour, violence or abuse (psychological, physical, 
sexual, fi nancial or emotional) between adults who are, or 
have been, intimate partner or family members, regardless 

of gender or sexuality’. Family members are defi ned as 
mother, father, son, daughter, brother, sister and grand-
parents, whether directly related, in- laws or step- family.

The main characteristic of domestic violence is that the 
behaviour is intentional and is calculated to exercise power 
and control within a relationship. 

Domestic violence is reported in up to one in five 
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pregnancies, often beginning or getting worse at this time. 
The risk of moderate to severe violence appears to be 
greatest in the postpartum period. 

Injuries to the abdomen, genitals and breasts are most 
frequent in pregnancy, but can be multiple, affecting any 
part of the woman’s body.

Women and girls who suffer domestic violence are at 
increased risk of miscarriage, premature labour, placental 
abruption, low- birth- weight infants, fetal injury and intrau-
terine fetal death. As a result of violence, women are fi ve 
times more likely to attempt suicide.

The impact of domestic violence can be devastating, 
and creates long- term consequences for women and girls, 
such as anxiety and mistrust. The impact on children must 
also be considered, as domestic violence and child abuse 
are often linked to the same perpetrator.

Recognising domestic violence in 
pregnancy
Studies show that around 30% of women will suffer from 
domestic violence in their lifetime. The fi rst incident of 
violence commonly occurs during pregnancy. For some of 
these women, the pregnancy might be unwanted, due to 
abuse, rape, or as a result of not having access to or not 
being able to negotiate contraceptive use.

Domestic violence in pregnancy may be suspected on 
the basis of the type of injury, as well as the mental health 
and emotional status of the woman. 

Women who are being abused may book late, and 
be poor attendees at antenatal clinics. They may attend 
repeatedly with trivial symptoms, and appear reluctant 
to be discharged home. The partner may be constantly 
present, not allowing private discussion. The woman may 
seem reluctant to speak in front of her partner, or to appear 
to contradict him.

Abusive partners often seek to minimise the evidence 
of their violence (e.g. by targeting areas that are normally 
clothed). As with child abuse, the stated mechanism of 
injury often does not fi t with the apparent injury. There may 
be untended injuries of different ages, or the late presenta-
tion of injuries. 

Multiple injuries and bruising (especially to the face, 
arms, breasts and abdomen), loss of consciousness, and 
drunkenness are signifi cant but non- specifi c markers of 
domestic violence.

A history of behavioural problems, or abuse of children 
in the family, may be suggestive of domestic violence. 

Diagnosing domestic violence
Routinely ask mothers whether they have been subjected 
to violence. Questions such as the following may allow the 
woman to disclose that she is being subjected to violence:

 O I have noticed you have a number of bruises. Did 
someone hit you?

 O You seemed frightened by your partner. Has he ever 
hurt you?

 O You mention that your partner loses his temper with the 
children. Does he ever do that with you?

 O How does your partner act when he is drinking alcohol 
or on drugs?

Other strategies such as the use of questionnaires in the 
women’s toilets/rest room may help those women whose 
partner is constantly by their side (see Appendix). 

Community midwives and traditional birth attendants 
visiting women at home may have the privacy to discuss 
such sensitive issues. 

The provision of interpreters is essential. Family mem-
bers should not act as interpreters in this situation, as free 
dialogue will probably not occur.

A system for caring for and protecting mothers sub-
ject to violence should be advocated for by all healthcare 
professionals undertaking maternal and child healthcare. 
Multi- agency working is crucial, and should include liaison 
with police, social services and the judicial system.

All professionals must take any available steps to seek 
a safe haven and to protect and support women who are 
experiencing domestic violence. The impact of domestic 
violence on the unborn child should be acknowledged, as 
well as the potential impact on existing children. It is very 
important to perform a risk assessment on women. Access 
to information and support must be easily and readily avail-
able to pregnant women. 

It is equally crucial to empower and counsel women to 
make their own choices. Underlying issues such as fi nance 
and housing should be addressed, and the woman should 
be directed to the appropriate agency or support group, 
or to a legal adviser. 

Appendix
How do I know if I am experiencing abuse?
If you answer yes to one or more of the following questions, 
you may be in an abusive relationship.

 O Has your partner tried to keep you from seeing your 
friends or family? 

 O Has your partner prevented you from continuing or start-
ing a college course, or from going to work? 

 O Does your partner constantly check up on you or fol-
low you? 

 O Does your partner accuse you unjustly of fl irting or of 
having affairs? 

 O Does your partner constantly belittle or humiliate you, or 
regularly criticise or insult you in front of other people? 

 O Are you ever scared of your partner? 
 O Have you ever changed your behaviour because you’re 

afraid of what your partner might do or say to you? 
 O Has your partner ever deliberately destroyed any of your 

possessions? 
 O Has your partner ever hurt or threatened you or your 

children? 
 O Has your partner ever kept you short of money so that 

you were unable to buy food and other necessary items 
for yourself and your children? 

 O Has your partner ever forced you to do something that 
you really didn’t want to do, including sexually? 

Further reading
Wellbeing Foundation Africa. Eliminating Domestic Violence. 

www.wbfafrica.org/resources/cat_view/1- resources/6- 
eliminating- domestic- violence.html
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2.12 Post- operative care 

Basic nursing issues
The patient should be discharged to the ward or recovery 
area with clear orders for the following:

 O Monitor ABC.
 O If the patient is unconscious (P or U on the AVPU scale) 

they should not be left alone until they are responding to 
voice. Put them in the recovery position and undertake 
airway opening as required.

 O Check vital signs (temperature, pulse, respiratory rate, 
blood pressure and capillary refi ll time) every 15 minutes 
for the fi rst hour, hourly for the next 4 hours, and then 
2- hourly. Observations should be more frequent if there 
is a change in observation from a normal to abnormal 
value. 

 O Monitor SaO2 (normal value is > 93%) after a general 
anaesthetic. Give oxygen as required until SaO2 is 
> 93% in air or the patient’s colour is normal. Remember 
that cyanosis may not be present if the patient is severely 
anaemic.

 O Observe the mother closely until the effect of the anaes-
thetic has worn off.

 O Control pain: if it is severe, the patient will need IV 
morphine.

 O Record the rate and type of IV fl uid (if the patient has 
ketosis, ensure that there is an adequate amount of 
glucose in the drip).

 O Record urine output, surgical and nasogastric drainage, 
and vomiting.

 O Record input versus output, and calculate the difference 
every 12 hours. 

 O Document other medications.
 O Perform laboratory investigations.

The patient’s progress should be monitored, and documen-
tation should include at least the following:

 O a comment on medical and nursing observations
 O a specifi c comment on the wound or operation site
 O any complications
 O any changes made in treatment.

Prevention of complications
 O Provide adequate pain control. 
 O Encourage early mobilisation:

 — deep breathing and coughing
 — active daily exercise
 — joint range of motion
 — muscular strengthening
 — availability of walking aids such as canes, crutches 
and walkers, as well as instructions for their use.

 O Ensure adequate nutrition.
 O Consider throboprophylaxis in those at high risk of 

thrombo- embolic disease (DVT/PE) (see Section 2.5.H: 
‘Pulmonary embolism’).

 O Prevent skin breakdown and pressure sores:
 — turn the patient frequently
 — keep urine and faeces off the skin.

Pain management (see Section 1.15)
Manage pain wherever the patient is seen (emergency 
department, operating theatre or on the ward), and antici-
pate their needs for pain management after surgery and 
discharge. Do not delay the treatment of pain unnecessarily. 

In the fi rst 12–24 hours after a major surgical procedure, 
such as Caesarean section, powerful opiate analgesia 
(usually morphine IV) will be needed (see Section 1.15 for 
details). Thereafter, the pain should be less severe, and 
regular codeine, non- steroidal anti- infl ammatory drugs 
(NSAIDs), aspirin or paracetamol should be suffi cient.

Wound care
Dressings protect the wound and absorb exudates. Usually 
the dressing applied in theatre can remain in place for 
48 hours unless there is excessive or purulent exudate, 
when a new dressing should be applied as a sterile proce-
dure after cleansing with sterile 0.9% saline. Swabbing a 
wound can be harmful as it damages the newly granulating 
tissue. It is also painful. 

After 48 hours, provided that the wound is intact, it can 
be cleaned under a shower. 

Removal of sutures should usually occur after 7 days. 
Use one hand to hold the knot with forceps, place the stitch 
cutter or scissors under the knot next to the skin, and cut 
the stitch where it emerges from the skin. Remove the 
suture by pulling on the knot, which prevents a potentially 
contaminated stitch being pulled through the wound. 
Observe the wound every 4–6 hours, without touching it, 
for evidence of dehiscence. 

Monitoring
All patients should be assessed at a frequency that is deter-
mined by the severity of their condition. Even those who 
are not seriously ill must be regularly assessed. 

Vital signs (temperature, pulse, respiratory rate, blood 
pressure, urine output and fl uid inputs) should be recorded 
on a standard form or graph at least 4- hourly for 24 hours 
after the immediate post- operative recovery phase. 

Do not forget anti- tetanus coverage when appropriate.
Progress notes need not be lengthy, but must com-

ment on the patient’s condition and note any changes in 
the management plan. They should always be signed by 
the person writing the note.

Notes can be organised in the ‘SOAP’ format as follows:
 O Subjective: how the patient feels.
 O Objective: fi ndings on physical examination, vital signs 

and laboratory results.
 O Assessment: what the healthcare worker thinks.
 O Plan: management plan (this may also include directives 

which can be written in a specifi c location as ‘orders’).

Specifi c post- operative issues
Post salpingectomy for ruptured ectopic 
pregnancy

 O Counsel patient regarding operative fi ndings and likely 
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future fertility ( if the other tube is normal in appearance 
then fertility is around 70%).

 O Counsel patient regarding risk of recurrence (1 in 10 
or more) and the need for early ultrasound in any sub-
sequent pregnancy If evidence of pelvic infl ammatory 
disease intraoperatively, treat patient and partner unless 
clear history of recent treatment.

 O Offer child spacing/family planning advice. The intrau-
terine contraceptive device (IUCD) is associated with 
ectopic pregnancy if the patient becomes pregnant while 
using it. If another contraceptive is available and accept-
able/suitable then this should be used in preference.

Post Caesarean section
Monitoring
1 Regularly (at least 2-  to 4- hourly initially) monitor vital 

signs, including temperature, heart rate, respiratory rate, 
blood pressure, urine output, AVPU and SaO2.

2 Regularly palpate the uterine fundus to ensure that the 
uterus remains contracted.

3 Regularly check for excessive vaginal blood loss.

Fluids and nutrition
1 If uncomplicated, give liquids and solids after 4–8 hours. 
2 Bowel function should be normal after 12 hours.
3 Remove the IV cannula when the patient is stable and 

eating and drinking.
4 If there is infection, obstructed labour or uterine rupture, 

wait until bowel sounds appear before giving oral fl uids.

Urine output 
1 Keep a fl uid balance chart and ensure that adequate 

urine output is occurring.
2 Remove the urinary catheter after 8 hours if the urine is 

clear; if not wait, until it is.
3 Wait 48 hours before removing the urinary catheter if 

there is a history of severe pre- eclampsia, uterine rup-
ture, prolonged or obstructed labour, massive perineal 
oedema, or puerperal sepsis with pelvic peritonitis.

4 If the bladder was damaged, leave the catheter in 
for 7 days and until the urine is clear. If the patient is 
not receiving antibiotics, give nitrofurantoin 100 mg or 
cefalexin 500 mg or amoxicillin 500 mg orally once daily 
until the catheter is removed.

Anaemia
1 If the mother is significantly anaemic (haemoglobin 

level < 6–7 g/dL), transfusion may aid recovery from the 
operation. If possible, consider giving 500 mL of fresh 
cross- matched blood from a relative or other donor. The 
need for blood transfusion is dependent on the starting 
Hb and how well the patient is tolerating the anaemia.

Wound care
1 Check the dressing without disturbing it every 6 hours 

for the fi rst 48 hours. Look for bleeding or infection. 
2 Change the dressing after 48 hours.
3 If blood is leaking, replace the dressing with a new one 

if it is more than half soaked.

Postpartum vaginal haemorrhage
1 Massage the uterus to expel blood and blood clots. 

The presence of blood clots will inhibit effective uterine 
contractions; 

2 Give oxytocin 10 units IM and then infuse 40 units 
in 500 mL of IV fl uids (Ringer- lactate or Hartmann’s 
solution) over 4 hours. If bleeding is heavy, give mis-
oprostol orally, 3 × 200 microgram tablets, or rectally, 4 
× 200 microgram tablets (see Section 2.5.D.iv for further 
management of postpartum haemorrhage).

Infection
1 If there are signs of infection or the mother currently 

has fever, give ampicillin 2 grams IV every 6 hours, plus 
gentamicin 80 mg IV/IM every 8 hours or 5 mg/kg body 
weight IV/IM once every 24 hours, plus metronidazole 
500 mg IV every 8 hours. If fever is still present 72 hours 
after initiating antibiotics, re- evaluate and revise the 
diagnosis. 

2 Infection of the uterus is a major cause of maternal death. 
Delayed or inadequate treatment of endometritis may 
result in pelvic abscess, peritonitis, septic shock, deep 
vein thrombosis, pulmonary embolism, chronic pelvic 
infection with recurrent pelvic pain and dyspareunia, 
tubal blockage and infertility. 

3 If retained placental fragments are suspected as a cause 
of infection, perform a digital exploration of the uterus 
to remove clots and large pieces. Use ovum forceps or 
a large curette if required. 

4 If there is no improvement with conservative measures 
and there are signs of general peritonitis (fever, rebound 
tenderness and abdominal pain), perform a laparotomy 
to drain the pus. 

5 If the uterus is necrotic and septic, perform a hysterec-
tomy (subtotal is preferable, if the cervix is not necrotic).

General measures
1 Ensure that the mother cannot fall out of bed when 

recovering from a general anaesthetic or if she is very 
unwell with a reduced conscious level.

2 Ensure pain control.
3 Encourage early mobility and deep breathing exercises.
4 The patient should wear knee- length well- fi tting anti- 

embolism stockings until she is fully ambulant.

At the time of discharge from hospital
1 Discuss the implications of Caesarean section for future 

pregnancy management.
2 Discuss the timing of future activities such as sexual 

intercourse and heavy lifting.
3 Provide details of warning signs as to when the mother 

should contact a trained healthcare worker for advice.

Wound abscess
 O If there is pus or fl uid, open and drain the wound. 

Remove infected skin or subcutaneous sutures and 
debride the wound. Do not remove fascial sutures unless 
deep infection is evident or suspected. 

 O If there is an abscess without cellulitis, antibiotics are 
not required. 

 O Place a damp sterile normal saline dressing in the wound 
and change the dressing every 24 hours. 

 O Advise the patient on good hygiene and the need to 
wear clean pads or cloths that are changed frequently.

 O If the infection is superfi cial and does not involve 
deep tissues, monitor for development of an abscess 
and give antibiotics for 5 days or until fever free for 
48 hours: 
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 — Flucloxacillin/cloxacillin 250–500 mg by mouth four 
times a day for 5 days.

 O If the infection is deep, involves muscles and is caus-
ing necrosis (necrotising fasciitis), give antibiotics 
until the necrotic tissue has been removed and the 
patient has been fever- free for 48 hours:

 — Flucloxacillin/cloxacillin 500 mg–1 gram IV 6 hourly 
plus penicillin G 2 million units IV every 6 hours, plus 
metronidazole 500 mg IV every 8 hours. 

Necrotising fasciitis requires urgent wide surgical 
debridement. Perform secondary closure 2 to 4 weeks 
later, depending on the resolution of infection.

It is important to inform the mother on discharge that 
she is at risk of uterine rupture during her next pregnancy. 
Offer child spacing/family planning advice.

Other complications
Peritonitis 
Signs and symptoms
These include severe generalised abdominal pain, nausea 
and vomiting, fever, absent bowel sounds, rigid abdominal 
wall and shock.

Treatment
1 Call a surgeon and an anaesthetist.
2 Provide nasogastric suction. 
3 Treat shock if present, but always place a wide- bore IV 

line and infuse fl uids. 
4 Give antibiotics until the patient has been fever- free for 

48 hours:
 O ampicillin 2 grams IV every 6 hours, plus gentamicin 

80 mg IV/IM every 8 hours or 5 mg/kg body weight IV/
IM once every 24 hours, plus metronidazole 500 mg 
IV every 8 hours. 

5 If necessary, perform laparotomy for peritoneal washout.

Pelvic abscess
Give antibiotics before draining the abscess, and continue 
until the patient has been fever- free for 48 hours:

 O ampicillin 2 grams IV every 6 hours, plus gentamicin 
80 mg IV/IM every 8 hours or 5 mg/kg body weight IV/

IM once every 24 hours, plus metronidazole 500 mg IV 
every 8 hours. 

If the abscess is fl uctuant in the pouch of Douglas 
(cul- de- sac), perform culdocentesis. If the spiking fever 
continues, perform a laparotomy.

Care of the patient after spinal 
anaesthesia
Observations
Standard post- anaesthetic observations
Sensation should return within 4 hours. If after 4 hours the 
patient remains numb and/or cannot move her legs, contact 
the anaesthetist urgently.

Analgesia 
Severe pain may return suddenly when the effects of the 
spinal block have worn off. Give analgesia when the patient 
fi rst experiences pain.

Fasting
Fasting is not needed unless it is a surgical requirement 
(e.g. after abdominal operations).

Posture
The patient does not have to lie fl at. Allow them to sit up 
as soon as they are able to do so.

Mobilising
If not contraindicated by the surgery, the patient can get 
out of bed 2 hours after the return of normal sensation, but 
only with assistance. Before getting the patient out of bed, 
sit her up slowly. If she feels faint, dizzy or sick then lie her 
down, take her blood pressure and inform the anaesthetist.

Potential complications 
 O Postural hypotension: lie the patient on the bed, give 

or increase IV fl uids and inform the anaesthetist.
 O Urinary retention: encourage the patient to pass urine 

when sensation returns. If the patient has not passed 
urine and she has a palpable bladder, she may need 
a catheter.

2.13 Obstetric procedures

The importance of basic and 
comprehensive Emergency Obstetric 
and Neonatal Care in resource- limited 
settings
The availability of Emergency Obstetric and Neonatal Care 
(EmONC) indicates how well any healthcare system can 
respond to the obstetric and newborn complications that 
are the main causes of maternal and newborn deaths. The 
Averting Maternal Death and Disability Program (AMDD) 

and the United Nations have defi ned nine essential EmONC 
services that directly treat these complications. These are 
termed signal functions.

The functional status of an EmONC facility depends on 
the 24- hour availability of these life- saving signal functions 
and whether they have been performed recently. To qualify 
as a basic EmONC (or BEmONC) facility, health centres and 
hospitals must have performed the following seven signal 
functions within the past 3 months:
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1 administered IM or IV antibiotics
2 administered IM or IV anticonvulsants
3 administered IM or IV uterotonic drugs
4 performed manual removal of the placenta
5 performed removal of retained products of conception 

(manual vacuum aspiration)
6 performed assisted vaginal delivery (with vacuum extrac-

tor or forceps)
7 performed neonatal resuscitation with a bag and mask.

To qualify as a comprehensive EmONC (or CEmONC) 
facility, health centres and hospitals must have performed 
all seven basic services listed above plus the following two 
additional signal functions within the past 3 months:
1 blood transfusion
2 Caesarean section.

In order for these EmONC systems to work adequately, 
there must be effective coordination of the supplies of 
essential emergency drugs, medical and surgical supplies 
and equipment to every facility providing this care. Essential 
drugs must include oxytocin, magnesium sulphate, mis-
oprostol, antibiotics and antihypertensive drugs. Essential 
supplies include sutures and urinary catheters. Essential 
equipment includes manual vacuum aspirators, vacuum 
delivery kits and self- infl ating bag- and- mask ventilators for 
newborn resuscitation.

Urethral catheterisation 
Method
Use an appropriate size of catheter, which is one that is 
smaller in diameter than the external urethral meatus (to 
minimise the risk of subsequent urethral stricture formation). 
Usually this will be size 10–14 French gauge. 

Using sterile precautions (gloves, etc.), wash the area 
with gauze swabs soaked with antiseptic (although sterile 
water or 0.9% saline can be just as effective), and clean from 
anterior to posterior with downward movements (to avoid 
faecal contamination). Sterile lubricant should be used to 
aid passage of the catheter. Use a syringe of sterile water 
or 0.9% saline to infl ate the balloon if it is a Foley catheter, 
with the woman lying on her back or in the left lateral tilt 
position if she is more than 20 weeks’ pregnant. The cath-
eter is inserted far enough (urethra length is around 4 cm) 
for urine to be seen in the tube. Attach a catheter bag (if 

available). Secure the catheter to the thigh with tape to 
prevent traction damage to the bladder.

The balloon must be defl ated before the catheter is 
removed.

Ventouse (vacuum) delivery
Introduction
The ventouse creates a vacuum in a cup attached to the 
fetal head to assist delivery. This technique is also called 
vacuum- assisted vaginal delivery or vacuum extraction (VE).

The advantages of the ventouse over forceps are that 
less training is needed, there is less risk of excessive trac-
tion, there are clear- cut rules on its use (e.g. the number of 
contractions during which traction is allowed), if the baby 
needs to rotate in order to be delivered this can occur 
spontaneously, and it can cause less injury to the mother.

The disadvantages are that it cannot be used for pre-
term delivery, face presentation, breech or after- coming 
head of breech, and if the mother is unable to provide 
expulsive efforts the ventouse is generally not effective. The 
equipment is more complex than forceps and more diffi cult 
to sterilise and maintain, and there can be more trauma to 
the baby (e.g. cephalhaematoma). 

A number of different types of cups are available. 
The original (Malmström) metal cup (see Figure 2.13.2) 

has the chain within a pipe leading to the cup. It may be 
diffi cult to sterilise the tube adequately. 

FIGURE 2.13.2 The Malmström cup.

The Bird metal cup (see Figure 2.13.3) has two 
confi gurations:
1 The 5 cm anterior metal cup is used for occipito- 

anterior positions. The smaller 4 cm cup is reserved for 
the small fetus (e.g. a second twin, and particularly if the 
cervix is no longer fully dilated). 

2 The posterior metal cup is used for occipito- posterior 
positions, particularly those with signifi cant defl exion. 
This is often also the cup of choice for the deep trans-
verse arrest, as the abnormal angle of the baby’s head 
to the vertical, which is often marked, makes correct 
placement with the anterior cup highly unlikely.

The plastic cup (50 or 60 mm internal diameter) comes in 
two main forms:

 O a silastic/silicon soft cup (see Figure 2.13.4) is the safest 
of all for the fetus, but has a slightly higher failure rate, 
especially with occipito- posterior positions

 O the easy- to- use Kiwi OmniCup (see Figure 2.13.5), 
which is reusable but relatively expensive (www.youtube.
com/watch?v=TgAcCi9rJhw).

FIGURE 2.13.1 Normal female external genitalia showing urethra.
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The application of negative pressure to the cup, including 
a vacuum gauge to show how much pressure is being 
applied, is shown in Figure 2.13.6. 

Indications for an assisted delivery using 
the vacuum extractor

 O Delay in the second stage of labour.
 O Fetal distress in the second stage.
 O Maternal conditions that require a short second stage 

(e.g. eclampsia, heart disease).
 O Maternal exhaustion.

Contraindications
 O Face presentation. 
 O Gestation less than 34 weeks.
 O Breech presentation.
 O Signs of obstructed labour.

Prerequisites 
 O Full dilatation of the cervix and engagement of the head 

(head at least at 0 station and no more than 1/5 above 
the symphysis pubis).

 O The position of the fetal head in relation to the pelvis 
must be known.

 O A fetus greater than 36 weeks’ gestation, or with great 
care if between 34 and 36 weeks. 

 O Cooperation of the mother is helpful so that she can 
enhance contractions and traction by bearing down.

 O Uterine contractions must be present.
 O Ensure that a healthcare worker who is able to undertake 

neonatal resuscitation is present in case this is required.
 O Ensure that the equipment is working, in particular that 

the vacuum reaches the correct value by testing the 
cup on the palm of the hand of the operator (covered 
by a sterile glove).

FIGURE 2.13.5 The Kiwi OmniCup.

FIGURE 2.13.4 A soft plastic cup.

FIGURE 2.13.3 The two types of Bird metal cup. (a) Anterior cup. 
(b) Posterior cup.

FIGURE 2.13.6 A simple vacuum extractor attached to a Bird 
anterior metal cup. This is Bird’s modifi cation of Malmström’s 
extractor.
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Basic rules
 O If the patient is mobile, ask them to empty their bladder. 

If not, catheterise them. If the patient is catheterised, 
ensure that any within- catheter balloon is defl ated.

 O No additional anaesthetic is required (perineal infi ltration 
with lidocaine will suffi ce if an episiotomy is planned). 

 O Lithotomy is the commonest position used, but delivery 
may be possible in a dorsal, lateral or squatting position. 
The mother should be in a 45-degree sitting position to 
aid expulsion.

 O The delivery should be clearly achievable after three 
pulls, with evidence of descent with each pull.

 O The head, not just the scalp, should descend with 
each pull.

 O The cup should be reapplied no more than twice provided 
that it has been in the right position and the direction of 
pull is correct (and after one detachment an experienced 
operator, if available, should be summoned). 

 O If failure with the ventouse occurs despite good trac-
tion, do not try the forceps but proceed to Caesarean 
section (provided that it is safe, and available within a 
reasonable time).

Methods
First check your equipment. Attach the cup to the suction, 
and ensure the suction is working by testing it. This can 
be done by briefl y holding the cup against your hand while 
suction is applied.
1 Examine the mother carefully using a sterile procedure 

and gloves and ideally an obstetric cream such as 
Hibitane. Estimate the size of the baby by abdominal 
examination, and ensure that the head is fully engaged 
(no more than 1/5 of the head should be palpable). The 
membranes should have ruptured.

2 Determine the position of the vertex and the amount 
of caput by vaginal examination. Identify the posterior 
fontanelle.

3 Describe the attitude of the presenting part as ‘fl exed’ 
or ‘defl exed’. In a fl exed attitude only the posterior fon-
tanelle can be felt, whereas any situation in which the 
anterior fontanelle can be felt or the posterior fontanelle 
cannot be found should be described as defl exed.

4 With two fi ngers press on the perineum posteriorly to 
widen the vaginal opening (see Figure 2.13.7).

FIGURE 2.13.7 Inserting a Malmström cup.

5 Insert the cup, avoiding the urethra. Apply the largest 
cup that will fi t, with the centre of the cup over the fl exion 
point, 2–3 cm anterior to the posterior fontanelle (see 
Figures 2.13.8 and 2.13.9). This placement will promote 
fl exion, descent and autorotation with traction. Suction 
is applied to draw the fetal scalp into the cup.

6 Ensure that no maternal tissue is caught under the edge 
of the cup. 

7 Place the middle of the cup 1–2 cm anterior to the baby’s 
posterior fontanelle/posterior to the anterior fontanelle. 
This will fl ex the head during its passage through the 
pelvis. 

 O If you put it more towards the front it will tend to 
extend the head, so that it will be less easy to pull 
out. The distance ‘Y’ when the head is defl exed 
(bent backwards) is much longer than the distance 
‘X’ when it is fl exed (bent forward). 

 O If you put the cup to one side, the head will bend 
to one side.

8 Connect the cup to the pump (see Figure 2.13.6), and 
check for leaks prior to commencing the delivery. 

 O First increase the pressure to 0.2 kg/cm2, and then, 
after checking again that there is no maternal tis-
sue caught under the cup, increase the pressure to 
0.8 kg/cm2, but never any higher than this.

 O Common problems include suction bottles not tightly 
screwed in or tubing loosely attached to the metal 
cup. 

 O The metal cup should have a meshed bottom plate, 
which functions to maintain a clear space between 

FIGURE 2.13.8 Placing the cup.

FIGURE 2.13.9 Correct and incorrect positions for the cup.
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the scalp and the cup so that an effective vacuum 
can be applied.

9 Only perform an episiotomy when the head stretches the 
perineum (to avoid blood loss), and only if the perineum 
is interfering with the delivery. 

10 Check the application. Ensure that there is no maternal 
soft tissue (cervix or vagina) within the rim.

11 During a contraction, encourage the patient to push, 
and aid her expulsive efforts by applying traction to the 
cup/fetal head (method described below).

Delivery with the anterior metal or plastic 
cup
The metal or plastic cup is lightly lubricated with sterile 
delivery cream (e.g. chlorhexidine cream) and then inserted 
sideways into the vagina. To orientate the cup correctly, 
direct the chain towards the occiput, which will result in 
the vacuum pipe lying centrally. Take the pressure up to 
0.2 kg/cm2. Check that no maternal tissue is caught under 
the cup and then increase the pressure directly to 0.8 kg/
cm2, but never any higher than this. Begin traction with the 
next contraction after this pressure has been achieved. 

Traction should be along the pelvic axis for the dura-
tion of the contraction (initially down, then progressively 
forwards, and fi nally upwards as the head delivers) and 
always perpendicular to the cup (see Figure 2.13.10). 

Always pull in the direction of the birth canal.

1 Pull downwards towards the fl oor until the head is below 
the ischial spines. 

2 Pull outwards until the head is stretching the perineum. 
3 Finally pull upwards until the baby is delivered.

During traction keep one fi nger or thumb on the edge of 
the cup and another fi nger on the scalp so that the earliest 
sign of detachment or slippage is detected (see Figures 
2.13.11 and 2.13.12). 

With each contraction apply traction in a line perpen-
dicular to the plane of the cup rim to help to prevent the 
cup slipping off (see Figure 2.13.13). Place a fi nger on the 
scalp next to the cup during traction to assess potential 
slippage and descent of the vertex (see Figure 2.13.12). 
Slight side- to- side movements may help to edge the head 
down the pelvic wall, but side- to- side movements must be 
small to keep the traction line perpendicular and prevent 
the cup from detaching.

FIGURE 2.13.10 Delivery with the Bird anterior metal cup.

FIGURE 2.13.11 How to ensure that the vacuum cup is securely 
on the infant’s head as you pull.

FIGURE 2.13.12 Guiding the cup with the fi ngers to detect any 
slippage while pulling.

FIGURE 2.13.13 Cup slipping off with sideways traction.
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As the head crowns, the angle of traction changes 
through an arc of over 90 degrees.

If the perineum is stretching as normal, it is simply sup-
ported with the hand that was on the cup. An episiotomy 
must only be undertaken if perineal resistance is preventing 
delivery. 

Occasionally, an edge of the cup might lift off at the 
introitus (this is more likely to happen if there is caput 
present). If this occurs, one has to be careful not to catch 
maternal tissue under the cup as it reattaches. Therefore 
this should be rechecked before fi nal delivery of the head. 

Once the head has delivered, release the vacuum and 
take off the cup and complete the delivery normally. 

Delivery with the posterior metal cup 
For a defl exed head in an occipito- posterior position, the 
‘OP’ cup or if this is not available a plastic cup, ideally a 
Kiwi OmniCup, should be used. It is applied as far back on 
the head as possible, again ideally in the midline over the 
occiput. To allow good placement of the cup, it sometimes 
helps to try to fl ex the head, with two fi ngers of the left hand 
pressing on the sinciput, while the right hand inserts the 
cup behind the head. Once correctly placed, the vacuum 
can be started and taken directly to the required level. 
(Because the cup lies parallel to the vagina it is unlikely to 
catch any maternal tissue.) The fi rst pull will be in the direc-
tion required to fl ex the head. With fl exion of the head, the 
presenting diameter immediately becomes less. Thereafter, 
traction will be along the pelvic axis. The delivery may be 
completed simply by a standard spontaneous rotation of 
the baby with maternal effort and gentle assistance. It is 
essential not to try to twist the cup to rotate the baby. This 
will cause trauma, especially spiral tears of the scalp, with 
the rotational deliveries. 

Overall, occipito- posterior deliveries are the most likely 
to cause problems. The most diffi cult ones are those where 
the head is markedly defl exed or where there is excessive 
caput. Another diffi culty sometimes encountered is that the 
suction pipe tends to kink once the head fl exes, making the 
cup more likely to detach. If the cup detaches at this point 
(after fl exion and rotation), put it back on again or perform 
a lift- out forceps.

Between contractions, check the fetal heart rate and 
secure application of the cup.

Note the following:
 O Never use the cup to actively rotate the baby’s head. 

Rotation of the baby’s head will occur naturally with 
traction, if it is going to rotate. 

 O Do not continue to pull between contractions and 
expulsive efforts. 

 O With progress, and in the absence of fetal distress, 
continue the ‘guiding’ pulls to achieve delivery. Descent 
must be seen with each pull, and delivery should be 
clearly achievable following three pulls.

Causes and management of failure to 
deliver with the ventouse
Vacuum extraction has failed if: 

 O the head does not advance with each pull
 O the fetus is not delivered or delivery is not imminent 

after three pulls 
 O the cup slips off the head twice at the proper direction 

of pull with a maximum negative pressure.

Every application should be considered a trial of vacuum 
extraction. Do not persist if there is no descent with every 
pull. 

Generally delivery is achieved with three pulls. As a 
minimum, it should be clear after three pulls that the deliv-
ery is defi nitely going to be achieved imminently by the 
vaginal route.

Failures occur for the following reasons.
1 Inadequate initial assessment of the case:

 O The head being too high: a classic mistake is to 
assume that because caput can be felt below the 
ischial spines, the head must be engaged. 

 O Misdiagnosis of the position and attitude of the head: 
attention to simple detail will minimise this. 

2 Anterior or lateral placements will increase the failure 
rate. 

 O If the cup placement is found to be incorrect, it may 
be appropriate to begin again with correct placement 
(i.e. midline over the fl exion point). 

3 Failures due to traction in the wrong direction. 
 O Gentle sustained traction in the correct direction 

is what is needed, and sideways movements will 
be ineffective and increase scalp trauma and cup 
detachments. 

4 Excessive caput. 
 O Rarely, even with metal cups, adequate traction is 

not possible because of excessive caput. 
 O In these cases, consideration must be given to 

delivery by Caesarean section unless the head is well 
down, in which case forceps can be used. 

5 Poor maternal effort. 
 O Maternal effort can contribute substantially to 

success. 
 O Adequate encouragement and instruction should be 

given to the mother. 
 O This may be a reason for preferring forceps to ven-

touse if the patient is under general anaesthetic. 
6 The incidence of cephalo–pelvic disproportion (CPD) 

(true failure) is low. However, in settings where the major-
ity of women deliver at home or in community clinics, it 
must be remembered that the patient is likely to have 
been fully dilated for some time before arrival in the 
hospital, if she has been referred for failure to progress 
in the second stage. CPD is likely to be relatively more 
common in this group.

FIGURE 2.13.14 The EgAr device.
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One of the main problems with using a ventouse in 
resource- limited settings is diffi culty with the availability of 
reliable suction. Although this is integral to the Kiwi, these 
are expensive and usually disposable. A new technique to 
provide negative pressure for a plastic or metal cup (the 
EgAr device) has been developed in Gambia by a senior 
midwife and is described here. 

The main components are two valves from out- of- use 
aneroid blood pressure machines, a 100- mL bladder 
syringe, a four- way open tap from a urine bag, a urine bag 
control valve, and a vacuum gauge (see Figure 2.13.14).

The blood pressure system valves are attached to the 
outfl ow control unit of a urine bag, which is then attached 
to the syringe. The valves are arranged in such a way that 
when the plunger of the syringe is pulled, air is withdrawn 
into the syringe through the fi rst valve (i.e. valve A). When 
the plunger is pushed back, the air in the syringe is expelled 
through the second valve (i.e. valve B). Since the valves 
(when closed) allow air to fl ow in only one direction, the 
syringe can function both to create vacuum pressure by 
pulling the plunger, and also as an air pump when the 
plunger is pushed back. 

A standard conventional vacuum delivery cup (either the 
metal or silicon type) is attached to the syringe through one 
of the blood pressure valves, using the tube from the blood 
pressure machine. Both valves are closed to ensure that air 
fl ows into the syringe only through the fi rst valve (A) when the 
plunger is pulled, and is expelled only through the second 
valve (B) when the plunger is pushed back. The vacuum 
cup is attached to the fetal head and a few pulls (three or 
four) on the plunger create a negative pressure measured 
on the vacuum gauge attached to the fourth outlet of the 
four- way tap (D) suffi cient to deliver the baby without the 
need for continuous pumping. Vacuum pressure is released 
when the baby is born through the valve (C) from the urine 
bag near to where the cup is attached.

If vacuum extraction fails, use vacuum extraction in 
combination with symphysiotomy (see below) or perform 
Caesarean section. 

 Vacuum extraction and symphysiotomy
Vacuum extraction may be used in combination with sym-
physiotomy in the following circumstances: 

 O the head is at least at –2 station or no more than 2/5 
palpable above the symphysis pubis 

 O Caesarean section is not feasible or immediately available 
 O the provider is experienced and profi cient in performing 

symphysiotomy 
 O vacuum extraction alone has failed or is expected to fail 
 O there is no major degree of disproportion.

C  omplications of vacuum extraction
Complications usually result from not observing the condi-
tions of application, or from continuing efforts beyond the 
time limits stated above. 

Fetal complications
 O Localised scalp oedema (artifi cial caput or chignon) 

under the vacuum cup is harmless and disappears 
within a few hours. 

 O Cephalhaematoma (see Figure 2.13.15) requires obser-
vation, and will usually clear in 3 to 4 weeks. 

 O Scalp abrasions (common and harmless) and lacerations 

may occur. Clean and examine lacerations to determine 
whether sutures are necessary. Necrosis is extremely 
rare. 

 O Sub- galeal haemorrhage is more serious.

There have been reports of transmission of herpes viral 
infections from the mother to the fetal scalp following the 
use of a metal cup. It is theoretically possible that hepatitis 
or HIV infection may also be transmitted in this way. There 
is a lower risk of scalp injury using the fl exible/plastic cups. 
Therefore for straightforward ventouse deliveries use the 
fl exible cup when possible, bearing in mind that where 
rotation is needed as part of the delivery the metal cup is 
more successful. The metal cup can also deliver a stronger 
traction force.

Maternal complications
Tears of the genital tract may occur. Examine the woman 
carefully and repair any tears to the cervix or vagina, or 
undertake episiotomy repair.

Special indications for delivery with the 
ventouse 
With the exception of second twin deliveries (where the 
cervix is in effect recently parous), vacuum extraction before 
full dilatation is generally only possible in multiparous women 
in which the cervix is soft and easily stretchable. This is 
defi nitely not always the case even with multiparous women, 
and great caution must be taken before proceeding to any 
vaginal delivery before full dilatation. Complications of such 
deliveries include cervical tears which can extend upward 
to involve the uterus, and therefore may require laparotomy 
for repair or even hysterectomy as for a ruptured uterus.

If the operator is uncertain about the degree of engage-
ment, degree of cervical dilatation or the position of the 
head, a more experienced practitioner should assist (if 
available).

Forceps delivery after failure to deliver with 
the ventouse
There is no place for an attempt at forceps delivery if there 

FIGURE 2.13.15 Fetal scalp bleeding complications of ventouse 
(vacuum extraction).
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has been no descent with the ventouse despite adequate 
traction. However, if traction has been inadequate (due to 
caput, leaking equipment or no maternal assistance), it may 
be justifi ed to change to forceps. The most experienced 
operator should make this decision.

The ventouse is the instrument of fi rst choice for 
operative vaginal delivery provided conditions for its 
use are safe and suitable. 

Forceps delivery 
Introduction
Forceps are particularly helpful in the delivery of the after- 
coming head of a breech, delivery of a mento- anterior face 
presentation, and delivery before 34 weeks (although this 
is controversial). 

Conditions for possible use of forceps
These include the following:

 O vertex presentation 
 O face presentation with chin anterior 
 O entrapped after- coming head in breech delivery; some 

operators will routinely control the delivery of the head 
here by using forceps, provided that the cervix is fully 
dilated.

At the very minimum, the sagittal suture should be in the 
midline and straight, guaranteeing an occiput- anterior 
or occiput- posterior position. 

Outlet forceps
In resource- limited settings, forceps at the outlet can be 
helpful for delay in the second stage when the baby’s head 
is near the outlet, but for all other situations the ventouse 
is preferred if suitable. The conditions for the use of outlet 
forceps are as follows: 

 O the fetal scalp is visible without separating the labia
 O the fetal skull has reached the pelvic fl oor
 O the sagittal suture is in the anterio- posterior diameter or 

right or left occiput- anterior or occiput- posterior position 
(rotation does not exceed 45 degrees)

 O the fetal head is at or on the perineum.

The blade on the mother’s left always goes in fi rst, and the 
right blade fi ts on top of it.

FIGURE 2.13.16 Outlet forceps.

Procedure
 O Ensure that the head is engaged in the pelvis. Abdominal 

palpation must be undertaken, particularly in the case 
of face presentation. 

 O Urinary catheterisation is required. 

 O Pudendal block and perineal infi ltration with 1% ligno-
caine is required.

 O An episiotomy is usually required. 
 O Identify the position of the head. Occipito- transverse or 

occipito- posterior positions are indications for ventouse, 
and if the head is defl exed, for using the OP ventouse 
cup or Kiwi OmniCup. 

 O Ensure that the pair of forceps match. Assemble them 
and check. It may be useful to check the maximum 
diameter between the blades, which must be at least 
9 cm. 

 O Lubricate the blades of the forceps with disinfectant 
cream (e.g. Hibitane).

 O Wearing sterile gloves, insert two fi ngers of the right hand 
into the vagina on the side of the fetal head. Slide the 
left blade gently between the head and fi ngers to rest 
on the side of the head (see Figure 2.13.18). 

A biparietal bimalar application is the only safe option. 

FIGURE 2.13.18 Applying the left blade of the forceps.

FIGURE 2.13.17 Applying outlet forceps.
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Repeat the same manoeuvre on the other side, using 
the left hand and the right blade of the forceps (see Figure 
2.13.19).

FIGURE 2.13.19 Applying the right blade of the forceps.

 O Depress the handles and lock the forceps.
 O Diffi culty in locking usually indicates that the application 

is incorrect. In this case, remove the blades and recheck 
the position of the head. Reapply only if the head is in 
the appropriate position for the use of forceps. 

 O After locking check that the sagittal suture lies vertically 
in the midline between the shanks of the forceps. Also 
ensure that no more than two fi ngers can be placed 
laterally into the fenestrations of the blades. Note: these 
checks do not ensure correct placement but do help 
detect some instances of mal- placement.

 O After locking, apply steady traction inferiorly and pos-
teriorly with each contraction (see Figures 2.13.20 and 
2.13.21). There should be both traction and pressure 
on top of the joined forceps.

FIGURE 2.13.20 Locking the handles.

FIGURE 2.13.21 The correct way of applying traction with 
downward pressure.

Between  contractions check the fetal heart rate and 
correct application of forceps. 

 O When the head crowns, make an adequate episiotomy. 
 O Lift the head slowly out of the vagina between 

contractions. 
 O The head should descend with each pull. Only two or 

three pulls should be necessary.
 O Ensure that the head rather than the blades of the for-

ceps are descending with each pull by feeling the fi ngers 
on the fetal head moving down. It is very harmful to the 
fetus if the blades slide down the side of the fetal head. 

Failure  of forceps
 O The fetal head does not advance with each pull. 
 O The fetus is not delivered after three pulls.

Every application should be considered a trial of forceps. 
Do not persist if there is no descent with every pull. 

If forceps delivery fails, consider a symphysiotomy 
or perform a Caesarean section. 

 O After repairing any episiotomy, ensure that swab and 
instrument counts are correct. 

 O Do a rectal examination to check the integrity of the 
rectal sphincter and the mucosa for tears. 

Complications of forceps use
Fetal complications

 O Injury to facial nerves requires observation. This injury 
is usually self- limiting. 

 O Lacerations of the face and scalp may occur. Clean and 
examine any lacerations to determine whether sutures 
are necessary. 

 O Fractures of the face and skull require close monitoring. 

Maternal complications
Tears of the genital tract may occur. Examine the woman 
carefully and repair any cervical or vaginal tears and under-
take episiotomy repair. 

Caesarean section
The WHO suggests that systems should be in place to 
ensure that Caesarean section is performed in a minimum 
of 5% of all expected births.

Indications
 O Obstructed labour.
 O Obstetric haemorrhage (especially if ongoing or the 

mother or fetus is unstable).
 O Severe maternal illness where urgent delivery is indicated 

and is not achievable rapidly by vaginal delivery (e.g. 
eclampsia where delivery is advised within 12 hours).

 O Fetal distress.
 O Malpresentation.
 O Major placenta praevia.

Pre- operative considerations 
 O Check for fetal life by listening to the fetal heart rate. 
 O Examine for fetal presentation and to ensure vaginal 

delivery is not achievable. 
 O Avoid performing a Caesarean section if there is no 

maternal indication and the fetus is dead. 
 O Obtain informed consent from the mother.
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Take a blood sample for haemoglobin or haematocrit, 
blood grouping and cross- matching if indicated. More 
than 2 × 500 mL units may be needed if antepartum 
bleeding or massive haemorrhage is anticipated.

 O Transfer the patient to the operating theatre in the left 
lateral position with a wedge under the right buttock.

 O Give antacid immediately prior to general anaesthetic 
(30 mL of 0.3% sodium citrate (preferable non- particulate) 
or 300 mg of magnesium trisilicate). This neutralises the 
stomach acid and minimises damage to the lungs if 
aspiration occurs.

 O Start an IV infusion with a crystalloid such as Ringer- 
lactate or Hartmann’s solution. 

 O Spinal or general anaesthesia with rapid sequence 
induction, or ketamine, or local infi ltration may be used, 
depending on local circumstances. 

(For choice of anaesthesia, see Section 1.24.)
In theatre, the operating table must be kept in the left 

lateral tilt position or a pillow placed under the woman’s 
right lower back to reduce aorto- caval compression until 
after delivery.

Urinary catheterisation
The woman must be catheterised and her bladder emptied 
before starting the procedure, both to avoid injury to the 
bladder and to monitor urine output.

Remove the catheter after 8 hours if the urine is clear; 
if not, wait until it is.

Wait 48 hours before removing the catheter if there is:
 O uterine rupture 
 O prolonged or obstructed labour
 O gross perineal oedema
 O puerperal sepsis with pelvic peritonitis.

If the bladder was damaged, leave the catheter in for 
7 days. The urine should be clear of blood and remain so 
after 48 hours. If the woman is not receiving antibiotics, 
give nitrofurantoin 100 mg (or cefalexin 500 mg or amoxi-
cillin 500 mg) orally once daily until the catheter has been 
removed.

Skin preparation
The presence of a large amount of pubic hair around the 
site of skin incision can interfere with healing. A suitable 
proportion of this should be shaved off immediately before 
the skin is disinfected and the incision is made. There 
must not be a gap between shaving and operation.

Tincture of chlorhexidine, iodophor and tincture of iodine 
are the recommended antiseptic products for preparing the 
patient’s operative site. Apply three times to the incision site 
using disinfected ring forceps and a cotton or gauze swab. 
Do not contaminate the glove by touching unprepared skin. 
Begin at the proposed incision site and work outwards in 
a circular motion away from the incision site. At the edge 
of the sterile fi eld discard the swab.

The use of alcohol or hexachlorophene as a single agent 
is not recommended unless the patient’s skin is sensitive 
to the recommended antiseptic products. Impregnated 
adhesive fi lm as skin preparation is not recommended.

All patients should be given a prophylactic antibi-
otic, ampicillin 2 grams IV, before the skin incision, and 
ideally thromboprophylaxis post- operatively (compres-
sion stockings, mobilisation, and 5000 units of heparin 

subcutaneously 12- hourly until the patient is discharged 
from hospital).

Prevention of exposure of staff to HIV and 
hepatitis 
In many operations, micro- holes develop in gloves (not 
due to needlestick injuries). These micro- holes will of 
course be more prevalent if gloves are reused, as in some 
resource- limited settings. If there is a signifi cant risk of HIV 
or hepatitis, double gloves or special thick gloves should be 
used. A clear plastic facial shield reduces exposure to blood.

Opening the abdomen
Abdominal and uterine scars are two separate issues. 
Classical section is a vertical uterine scar, usually but not 
always associated with a vertical abdominal scar. A vertical 
abdominal scar may be present with either a classical or 
lower segment uterine scar. 

Skin incision
The choice of skin incision depends on the following:

 O the gestational age of the fetus
 O the indication for section
 O the presence of previous scars
 O the operator’s surgical experience.

A low transverse incision is preferred to the vertical incision, 
as there is less likelihood of wound dehiscence and hernia. 
There are two possibilities, namely the Pfannenstiel incision 
and the Joel- Cohen incision.

The Joel- Cohen incision
The Joel- Cohen technique includes straight transverse 
incision through the skin only, 3 cm below the level of the 
anterior superior ileac spines (higher than the Pfannenstiel 
incision; see below). The subcutaneous tissues are opened 
only in the middle 3 cm. The fascia is incised transversely in 
the midline and then extended laterally with a blunt finger. 
Finger dissection is used to separate the rectus muscles 
vertically and laterally and open the peritoneum. All of the 
layers of the abdominal wall are stretched manually to the 
extent of the skin incision. The bladder is reflected inferiorly. 
The myometrium is incised transversely in the midline, but 
not to breach the amniotic sac, then opened and extended 
laterally with finger dissection. Interrupted sutures are used 
for the closure of the myometrium.

The Pfannenstiel incision 
This consists of a curved skin incision, two fi nger- breadths 
above the symphysis pubis, transverse incision of the 
sheath, blunt separation of the rectus muscles, and incision 
of the parietal peritoneum in the midline.

The low vertical incision
The incision is made from the base of the umbilicus to the 
pubic hair line. This is preferred if better exposure is needed 
or local anaesthesia is used. It allows easier access to 
the upper abdomen, is indicated if the lower uterine seg-
ment is diffi cult to access due to adhesions from previous 
Caesarean sections, if the lie of the fetus is transverse with 
the back down, and if there are fetal malformations, large 
fi broids over the lower segment, a vascular lower segment 
due to placenta praevia, or carcinoma of the cervix. 

Compared with Pfannenstiel- based Caesarean 
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section, Joel- Cohen- based Caesarean section has 
been shown to be associated with a reduction in blood 
loss, operating time, time to oral intake, fever, duration 
of post- operative pain, analgesic injections, and time 
from skin incision to birth of the baby.

The surgeon must ensure that the access to the uterus 
is adequate to deliver the fetus without diffi culty, and in 
the presence of scarring a Pfannenstiel incision may give 
better exposure.

Length of incision
A minimum length of 15 cm is indicated (which accom-
modates an open Allis forceps).

Excision of the previous scar is not essential for better 
healing and cosmetic results unless there is keloid scarring. 

General measures
 O Handle tissue gently.
 O Prevent bleeding.
 O Eradicate dead space.
 O Minimise the amount of desensitised tissue and foreign 

material in the wound. 

Practical points 
 O Extend incision of the fascia, peritoneum and myome-

trium digitally or with scissors rather than with a scalpel.
 O Transfer sharp instruments into a basin/tray.
 O Retract tissue with instruments, reposition suture nee-

dles with forceps and remove the needle before the fi nal 
tying of sutures.

Make the skin incision to the level of the fascia.
If the Caesarean section is performed under local 

anaesthesia, make a vertical incision that is about 4 cm 
longer than when general/spinal anaesthesia is used. A 
Pfannenstiel incision takes longer, retraction is poorer 
and it requires more local anaesthetic. 

Make a 2–3 cm vertical incision in the fascia. 
 O Hold the fascial edge with forceps and lengthen the 

incision from side to side using scissors. 
 O Use fi ngers or scissors to separate the rectus muscles 

(abdominal wall muscles). 
 O Use scissors to make an opening in the peritoneum near 

the umbilicus. Use scissors to lengthen the incision up 
and down in order to see the entire uterus. Use scissors 
to separate the layers and open the lower part of the 
peritoneum, taking care to avoid bladder injury. 

 O Place a bladder retractor over the pubic bone. 
 O Use forceps to pick up the loose peritoneum covering 

the anterior surface of the lower uterine segment, and 
incise with scissors. 

 O Extend the incision by placing the scissors between the 
uterus and the loose serosa. Cut transversely about 
3 cm on each side. 

 O Use two fi ngers to push the bladder downwards off the 
lower uterine segment. Replace the bladder retractor 
over the pubic bone and bladder. 

Opening the uterus 
 O Use a scalpel to make a 3 cm transverse incision in the 

lower segment of the uterus. It should be about 1 cm 
below the level where the vesico- uterine peritoneal fold 
was incised to bring the bladder down. 

 O Widen the incision by placing a fi nger at each edge and 
gently pulling upwards and laterally at the same time. 

 O If the lower uterine segment is thick and narrow, 
extend the incision in a crescent shape, using scissors 
instead of fi ngers to avoid extension into the uterine 
vessels. 

 O It is important to make the uterine incision large 
enough to deliver the head and body of the baby 
without tearing the incision. 

Uterine incision
A high vertical uterine incision is indicated if any of the 
following are present: 

 O an inaccessible lower segment due to dense adhesions 
from previous Caesarean section 

 O transverse lie (with the baby’s back down) for which 
a lower uterine segment incision cannot be safely 
performed 

 O fetal malformations (e.g. conjoined twins) 
 O large fi broids over the lower segment 
 O a highly vascular lower segment due to placenta praevia 
 O carcinoma of the cervix. 

A lower transverse incision is commonly used because: 
 O less dissection of the bladder is needed 
 O entry into the uterus is easier
 O there is less blood loss 
 O there is a lower incidence of uterine rupture with sub-

sequent pregnancies.

Lower vertical incision (De Lee’s incision) can be useful if the 
lower uterine segment is poorly formed and thickened, in 
which case a transverse incision would be unwise. 

If a lower transverse incision has been attempted and 
found to be inadequate, it can be extended upwards in 
a J- shaped incision to avoid blood vessels and enable 
adequate access. 

FIGURE 2.13.22 Enlarging the uterine incision.

Delivery of the baby and placenta
 O To deliver the baby, place one hand inside the uterine 

cavity between the uterus and the baby’s head. 
 O With the fi ngers, grasp and fl ex the head. 
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 O Gently lift the baby’s head through the incision (see 
Figure 2.13.23), taking care not to extend the incision 
down towards the cervix. 

FIGURE 2.13.23 Delivering the baby’s head.

 O With the other hand, gently press on the abdomen over 
the top of the uterus to help to deliver the head. 

 O If the baby’s head is deep down in the pelvis or 
vagina, ask an assistant (wearing sterile gloves) to reach 
into the vagina (which must be sterilised as described 
above) and push the baby’s head up into the uterus. 
Then lift and deliver the head (see Figure 2.13.24). 

FIGURE 2.13.24 Delivering the deeply engaged head abdominally 
with assistance via the vagina.

Method of delivery of fetus
The head delivers into the wound in a transverse direc-
tion, so gentle rotation with lateral fl exion of the neck 
is required. In the following circumstances this can be 
diffi cult or impossible:

 O Caesarean section in the second stage of labour follow-
ing failed forceps/ventouse, when the head is very low

 O occipito- posterior position
 O impacted breech
 O transverse lie
 O prematurity and oligohydramnios where the lower seg-

ment is poorly formed and thick.

Manoeuvres that may help include the following:
 O an assistant can disengage and push the presenting 

part upwards from the vagina
 O modifi ed lithotomy position with a combined abdomino- 

vaginal approach
 O application of forceps when the head is free
 O grasping a foot and delivering by the breech in the pres-

ence of transverse lie
 O uterine relaxation. 

Other practical points
 O If there is posterior placenta praevia, open the uterus 

and reach in below the placenta, separating it upwards 
until the membranes are reached, and then deliver the 
baby. If the placenta is anterior, as soon as you cut into it 
there will be haemorrhage from the fetus. It is vital that 
the cord is clamped as quickly as possible.

 O In all cases of fetal distress, quick delivery is required.
 O Suction the baby’s mouth and nose when delivered, 

especially if there is meconium- stained liquor. 
 O Deliver the shoulders and body. 
 O Give oxytocin 5 units IV to aid delivery of the placenta, 

and then infuse 40 units in 500 mL of IV fl uids (Ringer- 
lactate or Hartmann’s solution) over 4 hours if there is a 
risk of haemorrhage. 

 O Clamp and cut the umbilical cord. 
 O Hand the baby to an assistant for initial care. 
 O Give a single dose of a prophylactic antibiotic after the 

cord has been clamped and cut, but only if not given 
prior to incision: ampicillin 2 grams IV or cefotaxime 
1 gram IV. 

 O Keep gentle traction on the cord and massage the uterus 
through the abdomen. 

 O Deliver the placenta and membranes. 

Delivery of the placenta
Spontaneous delivery after oxytocin has been given on 
delivery of the baby, and with controlled cord traction, is pre-
ferred to manual removal. Manual delivery of the placenta 
may be necessary, and routine checking of the cavity is 
essential to ensure that no retained placental fragments or 
membranes are present, as this cannot always be ensured 
by inspection of the placenta. 

Closing the uterine incision 
General princip les

 O Meticulous handling with re- approximation of tissues. 
Avoid strangulating tissue with tight knots.

 O Haemostasis: isolate and ligate major bleeding vessels.
 O Grasp minimal tissue while cauterising.

Exteriorisation of the uterus
This may be necessary in order to visualise the lower seg-
ment for suturing, and it may thereby reduce blood loss. It 
may cause vagal stimulation leading to bradycardia, and 
may be uncomfortable if performed under spinal or epidural 
anaesthesia. It is important to inform the anaesthetist of the 
need to exteriorise.
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Suturing of the uterus
Sutures of polyglycolic acid suture are preferred to catgut. 
Use of thick suture causes more foreign body and tissue 
reaction, but if too thin it will cut through the myometrium. 
Usually the uterus is closed in two layers.

 O Grasp the corners of the uterine incision with clamps. 
 O Grasp the bottom edge of the incision with clamps. 

Make sure that it is separate from the bladder. 
 O Look carefully for any extensions of the uterine incision.
 O Repair the incision and any extensions with a continuous 

locking stitch using a robust absorbable suture such as 
No. 1 or 0 chromic catgut, polyglycolic acid or Vicryl 
(see Figure 2.13.25). 

 O A routine second layer of sutures is usually undertaken 
for the uterine incision, as it may help to reduce the 
risk of haemorrhage and subsequent uterine rupture 
through the scar.

 O If there is any persisting bleeding from the incision 
site, close with fi gure- of- eight sutures. 

FIGURE 2.13.25 Closing the uterine incision.

Peritoneal  closure of parietal and visceral peritoneum is 
safe. Healing and strength of the wounds are not affected. 
The duration of surgery is reduced and there is less ten-
dency to form intra- abdominal adhesions.

Rectus sheath
Standard single- layer closure with a synthetic delayed 
absorbable suture is recommended. Place each suture 
1 cm from the wound edge to allow healing. In vertical 
incisions, mass closure using synthetic permanent suture 
is appropriate, but the stitch should not be locking, as this 
increases post- operative pain and wound hernias.

Subcutaneous tissue and skin closure
Closure of Camper’s fascia with continuous suture reduces 
the rate of wound disruption. The routine use of closed suc-
tion drainage in non- obese patients is not recommended.

Subcuticular or interrupted skin suturing may be under-
taken. The type of suture material used for subcuticular 
suturing does not affect the outcome. Interrupted mattress 
sutures are recommended in obese patients and in cases 
where delayed healing is anticipated. Placement of clips 
has similar results.

If a Couvelaire uterus (swollen and discoloured by 
blood) is seen at Caesarean section, as a result of major 
placental abruption, close it in the normal manner and 
monitor closely for 48 hours after delivery.

 O Closi ng the abdomen. Look carefully at the uterine inci-
sion before closing the abdomen. Make sure that there 

is no bleeding and the uterus is fi rm. Use a sponge to 
remove any clots inside the abdomen. 

 O Examine carefully for any injuries to the bladder, and 
repair these.

 O If there are signs of infection, pack the subcutane-
ous tissue with gauze and insert loose 0 catgut (or 
polyglycolic) sutures. Delay closure of the skin until the 
infection has cleared.

 O If there are no signs of infection, close the skin with 
vertical mattress sutures of 3- 0 nylon (or silk) and apply 
a sterile dressing.

 O Gently push on the abdomen over the uterus to remove 
clots from the uterus and vagina. Swab out the vagina 
to remove any clots. Any bleeding subsequently noted 
will therefore be recognised as fresh loss.

 O Ensure that there are no instruments or swabs left in 
the abdomen. One way of achieving this is to have a 
black or white board in the operating theatre on which is 
documented every swab or instrument used during the 
operation, and to ensure that these are available when 
the abdomen is closed.

Types of needle and suture material
In resource- limited settings it is often only possible to fi nd 
two types of suture material for a Caesarean section, for 
example:
1 chromic catgut which can be used on a round- bodied 

needle for the uterus
2 polyglycolic acid which can be used on a round- bodied 

needle for the uterus and on a cutting/round- bodied 
needle for the rectus sheath and the skin.

Complications of Caesarean section
In cases of previous Caesarean section, other abdomino- 
pelvic operations or pelvic sepsis, bowel may be adherent 
to the undersurface of the peritoneum. Extra care must 
then be taken when opening the peritoneum, dividing it 
transversely under direct vision when possible. 

In such cases, the peritoneum should be opened with 
a knife or scissors rather than with the fi ngers. 

Bladder may be adherent to the lower segment, and 
care must be taken to push the bladder well down in order 
to avoid trauma to the bladder or ureters. Emptying the 
bladder pre- operatively reduces the likelihood of bladder 
damage.

Fibroids may obstruct access to the lower segment. 
A decision has to be made as to whether to make the 
uterine incision above, below or around the fi broids, or to 
cut through them. Alternatively, a classical (midline) uterine 
incision may be necessary, with its attendant greater risk 
of scar rupture in future pregnancies.

In cases of placenta praevia, the placenta is encoun-
tered on making the lower segment incision. This may lead 
to excessive bleeding.

The placenta may be morbidly adherent to a previous 
Caesarean section scar (placenta accreta). It is important 
not to traumatise the uterine wall by delivering the placenta 
piecemeal. It may be necessary to leave the adherent frag-
ment in situ, and monitor carefully for bleeding and signs 
of infection. Postpartum hysterectomy may be required in 
this situation.

Caesarean section at full dilatation may be complicated 
by diffi culty in dis- impacting the fetal head. An assistant 
should push fi rmly but gently from the vagina using sterile 
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gloves and obstetric chlorhexidine cream on their fi ngers. 
Once the head is dis- impacted, fundal pressure is required.

Excessive bleeding at Caesarean section is most com-
monly due to uterine atony, lateral extension of the lower 
segment incision, or a combination of these two factors (see 
Section 2.5.D.iv on postpartum haemorrhage).

Where a trial of forceps has taken place prior to 
Caesarean section, care must be taken to identify and 
suture any vaginal tears, which may bleed heavily.

Uncontrolled bleeding
Primary haemorrhage
The cause of the haemorrhage, whether due to atony or 
trauma, should be determined. Help should be sought 
from senior colleagues (if available). The anaesthetist must 
be informed about the haemorrhage, and blood should 
already be cross- matched (at least 4 to 6 units). In cases 
of vertical extension into the vagina, suturing should be 
attempted from the lowest part of the tear before suturing 
the transverse incision. Massage the uterus to expel blood 
and blood clots. The presence of blood clots will inhibit 
effective uterine contractions.

Broad ligament haematomas
The leaves of the broad ligament need to be opened and 
the ureters should be identifi ed before suturing the bleed-
ing point. 

Atonic uterus
If the uterus is atonic, massage it, continue to infuse oxy-
tocin, and give:

 O ergometrine 200–500 micrograms IM (must not be 
used if the patient has hypertension), if the mother is 
fully conscious 

 O and/or misoprostol 400–600 micrograms sublingually or 
orally or 800 micrograms rectally if the mother is drowsy 
or unconscious.

These drugs can be given together or sequentially.
Transfuse as necessary.
Have an assistant apply fi rm pressure with a fi st over 

the aorta to reduce the bleeding until the source of bleeding 
can be found and stopped. 

If bleeding is not controlled, see Section 2.5.D.iv for 
details of the many methods of treatment that can be 
adopted. They include a hysterectomy.

Breec h delivery at Caesarean section
The fetal back should always be upwards during breech 
delivery. Gentle rotation of the fetal trunk may be required, 
being careful to grasp the bony pelvis and legs, thereby 
avoiding traumatising the fetal abdomen.

The baby is delivered as if performing a breech extrac-
tion vaginally. In summary, place the fi ngers of each hand 
into the groin of the baby and lift out the buttocks and legs.

Deliver the arms by the Løvset’s manoeuvre; legs and 
the body up to the shoulders, then deliver the arms. 

Flex the head and deliver using the Mauriceau–Smellie–
Veit manoeuvre. 

Complete the delivery as for a vaginal delivery.

Transv erse lie delivery at Caesarean section
Assess the position of the fetus, including the position of 
the head, before opening the uterus. If the membranes are 

intact and there is liquor around the fetus, try to convert the 
transverse lie to a longitudinal lie.

 O If the back is up (near the top of the uterus), reach into 
the uterus and fi nd the baby’s ankles.

 O Grasp the ankles and pull gently through the incision 
to deliver the legs and complete the delivery as for a 
breech baby. 

 O If the back is down, a high vertical uterine incision may 
be preferred, but this is too late if only discovered once 
inside the uterus. 

 O Following the incision, reach into the uterus and fi nd the 
feet. Pull them through the incision and complete the 
delivery as for a breech baby. 

 O To repair the vertical incision, three layers of suture will 
be needed.

Placenta  praevia
If a low anterior placenta is encountered, fi nd an edge of the 
placenta and move the placenta laterally or incise through 
it and deliver the fetus. 

 O An ultrasound scan prior to the operation will help the 
operator to judge whether it will be possible to manually 
displace the placenta in order to access the amniotic 
cavity.

 O After delivery of the baby, if the placenta cannot be 
detached manually, the diagnosis is placenta accreta, 
occasionally seen at the site of a previous Caesarean 
scar. 

 O There are two approaches to this problem. The placenta 
can be left in situ to degenerate spontaneously, 
or a hysterectomy may be performed. If the former 
approach is followed, a careful watch will need to be 
kept for any signs of infection in the postnatal period, 
and prophylactic antibiotics will be required.

 O Women with placenta praevia are at high risk of post-
partum haemorrhage. 

 — If there is bleeding at the placental site, under- run the 
bleeding sites with chromic catgut (or polyglycolic/
Vicryl) sutures before closing the wound.

 — It may also be helpful to compress the lower seg-
ment vessels by packing the uterus or inserting a 
condom- catheter.

 — Watch for bleeding in the immediate postpartum 
period and take appropriate action.

Post- op erative care
 O Bowel function should be normal after 12 hours.
 O If progress is uncomplicated, give liquids immediately 

and solids when the patient is passing gas per rectum.
 O If there is infection, obstructed labour or uterine rup-

ture, wait until bowel sounds reappear before giving 
oral fl uids.

 O Keep a dressing on the wound for 24 hours to ensure 
re- epithelialisation.

 O If blood is leaking, reinforce the dressing or replace it 
with a new one if it is more than half soaked.

If bleeding occurs: 
 O Massage the uterus to expel blood and blood clots. 

The presence of blood clots will inhibit effective uterine 
contractions: 

 — Give oxytocin 5 units IV slowly or 10 units IM and then 
infuse 40 units in 500 mL of IV fl uids (Ringer- lactate 
or Hartmann’s solution) over 4 hours
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FIGURE 2.13.26 Site of the symphysiotomy incision.

 — or ergometrine 500 micrograms IM or misoprostol 
400 micrograms sublingually or orally provided that 
the mother is fully conscious

 — or misoprostol 800 micrograms rectally if the mother 
is drowsy or unconscious.

These drugs can be given together or sequentially. 
 O If there are signs of infection or the mother has a 

fever, give a combination of antibiotics until she has 
been fever- free for 48 hours: 

 — Ampicillin 2 grams IV every 6 hours 
 — plus gentamicin 80 mg IV/IM every 8 hours or 5 mg/
kg body weight IV/IM once every 24 hours 

 — plus metronidazole 500 mg IV every 8 hours. 
 O Give appropriate analgesic drugs. 

Discharge the mother home when her temperature has 
been normal for at least 24 hours, and she is mobilising 
and able to eat and drink normally. 

Symphysiotomy
Background
Symphysiotomy is performed for the management of 
cephalo–pelvic disproportion in selected situations in 
resource- limited countries or ill- equipped obstetric units. It 
may be required for the delivery of the trapped after- coming 
head with a breech delivery, or for shoulder dystocia. 
Symphysiotomy results in a temporary increase in pelvic 
diameter (up to 2 cm) by surgically dividing the cartilage of 
the symphysis under local anaesthesia. Symphysiotomy in 
combination with vacuum extraction is a life- saving proce-
dure in areas where Caesarean section is not immediately 
available.

Symphysiotomy leaves no uterine scar, so the risk of 
ruptured uterus in subsequent pregnancies is not increased. 

Caesarean section can have high morbidity and mortal-
ity rates in resource- limited healthcare facilities. Mortalities 
of up to 5% and uterine scar rupture in 7% of subsequent 
pregnancies have been reported. Symphysiotomy has 
a very low maternal mortality, with 3 deaths reported in 
a series of 1752 symphysiotomies. These deaths were 
unrelated to the procedure.

However, symphysiotomy has risks of complications, 
which include urethral and bladder injury, infection, pain and 
long- term diffi culty in walking. Therefore it should only be 
performed when there is no safe alternative. 

Symptoms following symphysiotomy include pain in the 
symphysis pubis and groin, hip or thigh pain, backache and 
stress incontinence. 

The majority of mothers (73%) will have an uncom-
plicated vaginal delivery in a subsequent pregnancy. 

Indications for symphysiotomy
 O Trapped after- coming head in breech delivery, in the 

presence of full cervical dilatation.
 O Shoulder dystocia, where all other methods have failed.
 O A live fetus with vertex presentation and presumed 

cephalo–pelvic disproportion (i.e. prolonged second 
stage, no head descent after adequate augmentation, 
and failure or anticipated failure of vacuum extraction 
alone).

 O At least one- third of the fetal head should have entered 
the pelvic brim.

 O The cervix should be fully dilated, and the head should 
be at –2 station or no more than 3/5 above the sym-
physis pubis, with no overriding of the head above the 
symphysis. 

Technique 

FIGURE 2.13.27 Legs abducted no more than 45 degrees from 
vertical.

Ask two assistants to support the woman’s legs with her 
thighs and knees fl exed. The thighs should be abducted no 
more than 45 degrees from the midline, not the lithotomy 
position.

Abduction of the thighs more than 45 degrees from the 
midline may cause tearing of the urethra and bladder. 

 O Infi ltrate the anterior, superior and inferior aspects of the 
symphysis with 1% lignocaine solution. 

 — Aspirate (pull back on the plunger) to make sure that 
no vessel has been penetrated. If blood is returned 
in the syringe with aspiration, remove the needle. 
Recheck the position carefully and try again. Never 
inject if blood is aspirated. 

 O Infi ltrate the local anaesthetic and wait for it to take 
effect. 

 O Insert a fi rm sterile urinary catheter to identify the urethra. 
 O Apply antiseptic solution to the suprapubic skin. 
 O Wearing sterile gloves: 

 — Place the index and middle fi ngers of the left hand 
into the vagina. 
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 — Using the index fi nger, push and hold the catheter, 
and with it the urethra, away from the midline to the 
patient’s right side. 

 — The middle fi nger lies centrally under the symphysis 
to guide the incision.

 O With the other hand, use a fi rm- bladed scalpel to make 
a vertical incision over the symphysis. 

 O Cut down through the cartilage joining the two pubic 
bones until the pressure of the scalpel blade is felt on 
the fi nger in the vagina. 

 — The symphysis pubis is incised in the midline at the 
junction of the upper and middle thirds. The point of 
the scalpel will be felt impinging on the vagina by the 
underlying fi nger of the left hand. 

 — The upper third of the uncut symphysis is used as a 
fulcrum against which the scalpel is levered to incise 
the lower two- thirds of the symphysis. 

 — The scalpel is then removed and rotated through 
180 degrees, and the remaining upper third of the 
symphysis is cut.

 O Once the symphysis has been divided, the pubic bones 
will separate. 

1 The symphysis should open as wide as the operator’s 
thumb. A large episiotomy is required to relieve tension 
on the anterior vaginal wall. Usually a vacuum extractor 
will be used to pull the fetus downward at this point.

2 Delivery of the head and trunk of the baby occurs in a 
downward direction, taking care to avoid the temptation 
to lift the baby up until it is completely delivered.

3 After delivery of the baby and placenta, the symphysis 
is compressed between the thumb above and the index 

and middle fi ngers below for several minutes in order to 
express blood clots and promote haemostasis. 

4 There is no need to close the incision unless there is 
bleeding.

5 Reinsert the urinary catheter.

Post- procedure care
 O If there are signs of infection or the mother has a fever, 

give a combination of antibiotics until she has been 
fever- free for 48 hours: 

FIGURE 2.13.28 The position for holding the woman’s legs for 
symphysiotomy.

FIGURE 2.13.29 Sagittal view of symphysiotomy.

FIGURE 2.13.30 The symphysiotomy incision.

FIGURE 2.13.31 Cutting through the cartilage. 
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 — Ampicillin 2 grams IV every 6 hours 
 — plus gentamicin 80 mg IV/IM every 8 hours or 5 mg/
kg body weight IV/IM once every 24 hours 

 — plus metronidazole 500 mg IV every 8 hours.
 O Give appropriate analgesia.
 O Apply a binder or sheet or elastic strapping across the 

front of the pelvis from one iliac crest to the other to 
hold the pelvis together to aid pelvic healing and reduce 
pain. Nurse the woman on her side to allow gravity to 
aid pelvic healing.

 O Leave the urinary catheter in for at least 5 days. 
 O Encourage oral fl uids to ensure a good urinary output. 
 O Encourage bed rest for 7 days after discharge from 

hospital. 
 O Encourage the mother to begin walking with assistance 

when she is ready to do so. 
 O If long- term walking diffi culties and pain occur (2% 

of cases), treat them with physiotherapy.

Induction of labour for intrauterine 
death in the second or third trimester
See Section 2.6.B.

Destructive operations
Background
Destructive procedures are undertaken when a vaginal 
delivery must occur because:

 O skilled staff are not available to carry out what may be 
a diffi cult or dangerous Caesarean section 

 O in neglected obstructed labour there is a risk of over-
whelming infection following Caesarean section

 O of the implications of a uterine scar for future pregnancies 
 O the patient does not give consent to Caesarean section. 

Reasons for fetal death in obstructed labour
 O Strong and continuous contractions (sometimes made 

worse by inappropriate use of oxytocic drugs or other 
non- prescription uterotonic drugs) interfere with pla-
cental exchange.

 O Excessive moulding of the head, in cephalic presenta-
tion, can lead to intracranial haemorrhage. In breech 
presentation the head may be trapped by an incom-
pletely dilated cervix, or may not enter the pelvis because 
of disproportion.

 O Prolapsed cord.
 O Ascending infection, amnionitis and intrauterine infection 

due to prolonged ruptured membranes and labour, and/
or unsterile vaginal examinations.

 O Ruptured uterus.

Destructive operations
Before a destructive procedure is undertaken the fetus must 
be dead. 

Ensure that the mother is adequately resuscitated.
Ruptured uterus must be excluded. 
Ensure adequate analgesia or anaesthesia.
The procedure can be performed under general or 

regional anaesthesia, or sedation and analgesia with mor-
phine, midazolam and/or ketamine.

General issues relating to destructive 
procedures

 O The operator must be competent at destructive 
deliveries. 

 O Destructive operations are most safely done at full dilata-
tion, but may be performed when the cervix is 7 cm or 
more dilated. If there is hydrocephaly, it is best to drain 
the CSF at diagnosis without waiting for full dilatation, 
as the hydrocephalic head may cause uterine rupture.

 O The bladder must be catheterised.
 O Post- delivery care includes continuous catheterisation 

of the bladder, IV antibiotics and IV fl uids.

Craniotomy
Craniotomy is used for the delivery of a dead fetus with 
cephalic presentation when labour is obstructed. Usually 
the head is impacted in the pelvic brim. If the head is mobile, 
craniotomy may be diffi cult and Caesarean section may be 
safer (if circumstances are suitable).

The head may need to be dis- impacted from the pelvis 
to facilitate urinary catheterisation. 

A 3 cm incision is made on the posterior aspect of the 
skull using Mayo scissors. The index fi nger of the left hand 
is inserted into the incision and the suture and fontanelle 
are identifi ed. The scissors are then pushed though the 
fontanelle into the cavity of the skull. Thereafter the brain 
is evacuated and Kocher’s forceps are clamped on to the 
edges of the parietal bones. A weight is attached to the 
Kocher’s forceps with a length of bandage. The mother’s 
legs are taken out of the lithotomy stirrups and placed on 
two stools for support. Delivery will take place within a 
period ranging from a few minutes to several hours. This 
method can be used when the cervix is at least 8 cm dilated.

FIGURE 2.13.32 Craniotomy. This baby’s skull has been opened 
and the brain removed. These are not vulsellum forceps, but you 
can use such forceps.
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Breech presentation with an entrapped head 
and dead fetus

 O Make an incision through the skin at the base of the 
neck. 

 O Insert a craniotome (or large pointed scissors or a heavy 
scalpel) through the incision and tunnel subcutaneously 
to reach the occiput. 

 O Perforate the occiput and open the gap as wide as 
possible. 

 O Apply traction on the trunk to collapse the skull as the 
head descends.

Craniocentesis (skull puncture) for 
hydrocephalus and obstructed labour and 
dead fetus

FIGURE 2.13.35 Hydrocephaly. A child with one abnormality often 
has several others as well.

Craniocentesis with a fully dilated cervix
 O Pass a large- bore spinal needle through the dilated 

cervix and the sagittal suture line or fontanelles of the 
fetal skull (see Figure 2.13.36). 

 O Aspirate the cerebrospinal fl uid until the fetal skull has 
collapsed. Then allow normal delivery to proceed. 

Craniocentesis with a closed cervix 
 O Palpate for the location of the fetal head.
 O Apply antiseptic solution to the suprapubic skin.
 O Pass a large- bore spinal needle through the abdominal 

and uterine walls and through the hydrocephalic skull.

FIGURE 2.13.36 Draining a hydrocephalus. (a) Draining the 
vertex. (b) Draining the occiput. (c) Draining through a meningo-
myelocele. (d) Draining through the mother’s abdomen.

FIGURE 2.13.34 Perforating the skull: a life-saving operation. Your 
assistant is pushing the baby’s head into the mother’s pelvis. You 
have made an X-shaped incision in the skin of the baby’s scalp. 
You have found a suture line, and are pressing a strong pair of 
scissors into it.

FIGURE 2.13.33 X-shaped fetal skull incision.
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 O Aspirate the cerebrospinal fl uid until the fetal skull has 
collapsed. Then allow vaginal delivery to proceed. 

Craniocentesis in breech where the hydrocephalic head 
is stuck and the fetus is dead

 O When the rest of the body has been delivered, insert a 
large- bore spinal needle through the dilated cervix and 
foramen magnum. 

 O Aspirate the cerebrospinal fl uid and deliver the after- 
coming head as in breech delivery. 

This can be managed similarly, by craniotomy with per-
foration of the head through the occiput. Where there is 
hydrocephalus and accompanying spina bifi da, CSF can 
be withdrawn by exposing the spinal canal and passing a 
catheter into the canal and up into the cranium. Alternatively, 
the hydrocephalic head can be decompressed trans- 
abdominally using a spinal needle. 

Decapitation
This procedure is summarised in Figure 2.13.37.

In cases of neglected obstructed labour with shoulder 
presentation and a dead fetus, decapitation is the treatment 
of choice. The lower uterine segment is very vulnerable. If 

the fetus is small, the neck can easily be severed with stout 
scissors. However, for the larger fetus, where the neck 
is not easily accessible, the Blond–Heidler decapitation 
tool is probably the safest instrument. If possible, an arm 
of the fetus is brought down in order to facilitate access 
and exposure of the neck. The saw is threaded around 
the fetal neck, and by keeping the handles at the ends of 
the saw close together, injury to the vagina is prevented 
and the neck can be severed with a few fi rm strokes. 
Delivery of the trunk is straightforward, and the after- coming 
head is delivered by grasping the stump with a heavy 
vulsellum.

Cleidotomy
Cleidotomy is indicated where the impacted shoulders 
prevent delivery of the dead fetus. The most accessible 
clavicle is divided fi rst using stout scissors. 

Evisceration
This is sometimes necessary for an abdominal tumour or 
very large fetus following craniotomy. An incision is made 
in the abdomen or thorax. The viscera are then extracted 
digitally. Once the bulk of the fetus has been reduced the 
fetus can be extracted easily.

FIGURE 2.13.37 Decapitation of dead fetus. (a) Fix the saw to the thimble and push it over the neck. (b) Remove the thimble and fi x the 
handles to each end of the saw. (c) Saw to and fro. (d) Grasp the stump of the neck.
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Complications of destructive operations
Instruments or sharp pieces of bone may cause a vesico- 
vaginal fistula. The vagina, cervix and perineum must 
therefore be carefully examined after the procedure.

Alternative to destructive operations
Symphysiotomy with episiotomy may avert the need for 
destructive operations if the fetus is still alive.

Caesarean section may be preferred, if available, 
especially if the operator is inexperienced in performing 
destructive procedures. However, caesarean section will 
create a risk for scar rupture during a subsequent preg-
nancy and in low resource settings this could result in 
maternal and fetal death.

Post- procedure care
 O After delivery, examine and repair any tears to the cervix 

or vagina, or undertake episiotomy repair. 
 O Leave a self- retaining catheter in place until bladder 

injury has been excluded. 
 O Ensure adequate fl uid intake and urinary output.

Episiotomy 
Episiotomy should be considered in the case of: 

 O complicated vaginal delivery (e.g. breech, shoulder 
dystocia, forceps, vacuum delivery) 

 O scarring from female genital cutting 
 O fetal distress
 O delay in the second stage
 O previous third-  or fourth- degree tears
 O where signifi cant perineal trauma is anticipated if it 

is not performed.

Procedure
 O Apply antiseptic solution to the perineal area. 
 O Use local infi ltration with 1% lignocaine. Make sure that 

there are no known allergies to lignocaine or related 
drugs. 

 O Infi ltrate beneath the vaginal mucosa, beneath the skin 
of the perineum and deeply into the perineal muscle (see 
Figure 2.13.38) using 5–10 mL of 1% lignocaine solution. 

 O Aspirate (pull back on the plunger) to be sure that 
no vessel has been penetrated. If blood is returned 
in the syringe with aspiration, remove the needle. 
Recheck the position carefully and try again. Never 
inject if blood is aspirated. 

 O After local anaesthetic infi ltration, wait for 2 minutes and 
then pinch the incision site with forceps. If the mother 
feels the pinch, wait a further 2 minutes and then retest. 

FIGURE 2.13.38 Infi ltration of the perineum with local anaesthetic.

Do not perform an episiotomy until the perineum is thinned 
out and 3–4 cm of the baby’s head are visible during a 
contraction. 

Performing an episiotomy will cause bleeding, so it must 
not be done too early. 
1 Wearing disinfected gloves, place two fi ngers between 

the baby’s head and the perineum. 
2 Use scissors to cut the perineum about 3–4 cm in the 

medio- lateral direction (see Figure 2.13.39). It is essential 
that the episiotomy cut is not made where, if it runs into 
a tear, it involves the anal sphincter. That is, it must be 
at an angle away from the anus, as shown in Figure 
2.13.39. 

3 Control the baby’s head and shoulders as they deliver, 
ensuring that the shoulders have rotated to the midline 
to prevent an extension of the episiotomy. 

4 Carefully examine for extensions and tears, and repair 
them (see below).

Repair of episiotomy
It is important that absorbable sutures or Vicryl are used 
for closure. Polyglycolic sutures are preferred to chromic 
catgut because of their tensile strength, non- allergenic 
properties and lower risk of infection and episiotomy 
breakdown. However, chromic catgut is an acceptable 
alternative.

Apply antiseptic solution to the area around the 
episiotomy. 

 O If the episiotomy is extended (torn) through the anal 
sphincter or rectal mucosa, which should not hap-
pen if the original cut has been away from the vertical 

TABLE 2.13.1 Possible situations of fetal death and the relevant 
procedures

Clinical situation Procedure

Cephalic presentation:

Head < 60% above the pelvic 
brim

Head free or > 60% palpable

Hydrocephalus

Obstruction due to abdominal 
tumour

Impacted shoulders

Craniotomy

Caesarean section

Perforation before full 
dilatation

Embryotomy if the abdomen 
is accessible, otherwise 
Caesarean section

Cleidotomy

Breech presentation: 

Obstruction due to after- 
coming head

Obstruction due to abdominal 
tumour

Impacted shoulders

Perforation of the head

Embryotomy

Cleidotomy

Transverse or oblique lie:

Shoulder presentation or arm 
prolapse

Access to fetal neck diffi cult

Decapitation

Caesarean section

Ruptured uterus Laparotomy – repair/
hysterectomy

Gross disproportion Caesarean section
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(see above), manage as third-  or fourth- degree tears, 
respectively. 

 O Close the vaginal mucosa using continuous 2- 0 
suture.

 O Start the repair about 1 cm above the apex (top) of 
the episiotomy. Continue the suture to the level of the 
vaginal opening. 

 O At the opening of the vagina, bring together the cut 
edges of the vaginal opening. 

 O Bring the needle under the vaginal opening and out 
through the incision and tie. 

 O Close the perineal muscle using a continuous 2- 0 suture. 
 O Close the skin using a subcuticular or interrupted 2- 0 

suture.

Complications of episiotomy
1 Haematoma. If this occurs, open and drain it. If there 

are no signs of infection and bleeding has stopped, 
reclose the episiotomy.

2 If there are signs of infection, open and drain the 
wound. Remove infected sutures and debride the 
wound: 

 O If the infection is mild, antibiotics are not required. 
 O If the infection is severe but does not involve deep 

tissues, give a combination of antibiotics: 
 — Ampicillin 500 mg orally four times a day for 
5 days 

 — plus metronidazole 400 mg orally three times a 
day for 5 days. 

 O If the infection is deep and involves muscles, give 
a combination of antibiotics until the necrotic tissue 
has been removed and the mother has been fever- 
free for 48 hours: 

 — penicillin G, 2 million units IV every 6 hours 
 — plus gentamicin 80 mg IV/IM every 8 hours or 
5 mg/kg body weight IV/IM once every 24 hours 

 — plus metronidazole 500 mg IV every 8 hours. 
 O When the mother has been fever- free for 48 hours, 

give: 
 — ampicillin 500 mg orally four times a day for 
5 days 

 — plus metronidazole 400 mg orally three times a 
day for 5 days. 

Necrotic tissue requires wide surgical debridement. 
Perform secondary closure in 2 to 4 weeks (depending on 
resolution of the infection). 

Repair of cervical tears 
 O If the mother is bleeding heavily it may be best to 

resuscitate and then pack the tear with sterile gauze. 
Bimanual compression may be required. Ensure that 
whoever repairs this is experienced. This might need 
referral to another hospital.

 — Repair only when the mother is stable and most 
of the bleeding has stopped, unless there is heavy 
ongoing blood loss despite compression in which 
case repair needs to be undertaken urgently while 
resuscitation continues

 — Apply antiseptic solution to the vagina and cervix. 
 O Anaesthesia is not required for most cervical tears. 

 — For tears that are high and extensive, give morphine 
10 mg IV slowly over 5 minutes (provided that shock 
is not present), or use ketamine. 

 O Ask an assistant to massage the uterus and provide 
fundal pressure. 

 O Gently grasp the cervix with ring or sponge forceps. 
 — Apply the forceps on both sides of the tear and gently 
use the forceps to pull each part of the cervix down 
in turn so that the entire cervix is examined. 

 — There may be several tears. 
 O One way of fi nding a high tear is to insert a suture as 

high as possible and then use it to provide traction to 
work up to the apex to obtain haemostasis, and then 
to work downward towards the introitus.

 O Close the cervical tears with a continuous polygly-
colic/Vicryl suture starting at the apex (upper edge 
of tear), which is often the source of bleeding (see 
Figure 2.13.40). 

 O If a long section of the rim of the cervix is tattered 
and bleeding, under- run it with a continuous polygly-
colic/Vicryl suture. Often if the bleeding is persistent but 
mild, compressing the ragged edges with a sterile pack 
is the most effective way of halting the bleeding, if no 
specifi c delineated tear is identifi ed.

 O If the apex is diffi cult to reach and ligate, it may be 
possible to grasp it with artery or ring forceps. Leave 
the forceps in place for 4 hours. 

 — Do not persist in attempts to ligate the bleeding 
points, as this may increase the bleeding. 

 — After 4 hours, open the forceps partially but do not 
remove. 

 — After another 4 hours, remove the forceps completely. 
 O A laparotomy may be required to repair a cervical tear 

that has extended beyond the vaginal vault. 

FIGURE 2.13.40 Repair of a cervical tear.

FIGURE 2.13.39 Using two fi ngers to protect the baby’s head 
while making the incision.
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Manual removal of the placenta 
If the placenta does not separate within 1 hour of delivery, 
or immediately if there is heavy bleeding: 

 O start an IV infusion 
 O ensure that the bladder is emptied either by the mother 

or by catheterisation
 O give a slow IV injection of ketamine (1–2 mg/kg or 

50–100 mg) or morphine (10 mg), ideally in the presence 
of an anaesthetist 

 O give a single dose of prophylactic antibiotics: 
 — ampicillin 2 grams IV plus metronidazole 500 mg IV 
 — or cefotaxime 1 gram IV plus metronidazole 500 mg 
IV. 

 O Ensure full aseptic drapes.
 O Hold the umbilical cord with a clamp. Pull the cord gently 

until it is taut. 
 O Wearing sterile gloves (ideally covering the forearms) 

insert a hand into the vagina and follow the cord up into 
the uterus until you reach the edge of the placenta (see 
Figure 2.13.41). If the cervix is closed, gentle pressure 
with one or two fi ngers will usually relax it and make it 
open. 

 O Let go of the cord with the other hand and move the 
hand up over the abdomen in order to support the 
fundus of the uterus and to provide counter- traction 
during removal to prevent inversion of the uterus (see 
Figure 2.13.42).

If uterine inversion occurs, reposition the uterus 
immediately. 

 O Move the fi ngers of the hand laterally until the edge of 
the placenta is located. 

 O If the cord has been detached previously, insert a 
hand into the uterine cavity. 

 — Explore the entire cavity until a line of cleavage is 
identifi ed between the placenta and the uterine wall. 

FIGURE 2.13.41 Entering the uterus along the cord.

FIGURE 2.13.42 Supporting the fundus while detaching the 
placenta.

 O Reach the placenta from the implantation site by keep-
ing the fi ngers tightly together and using the edge of the 

hand to gradually make a space between the placenta 
and the uterine wall.

 O Proceed slowly all around the placental bed until the 
whole placenta is detached from the uterine wall. 

 O If the placenta does not separate from the uterine 
surface by gentle lateral movement of the fi ngertips at 
the line of cleavage, suspect placenta accreta. 

 — Consider laparotomy and possible subtotal 
hysterectomy. 

 — Alternatively, the placenta can be left in situ to spon-
taneously degenerate. 

 — The main risk is that of infection and delayed haem-
orrhage, and follow- up needs to be maintained to 
assess the woman for signs of sepsis.

 O Hold the placenta and slowly withdraw the hand from the 
uterus, bringing the placenta with it (see Figure 2.14.43).

 O With the other hand, continue to provide counter- traction 
to the fundus by pushing it in the opposite direction to 
the hand that is being withdrawn. 

FIGURE 2.13.43 Withdrawing the hand plus the placenta from the 
uterus.

 O Palpate the inside of the uterine cavity to ensure that all 
placental tissue has been removed.

 O Give oxytocin 40 units in 500 mL of IV fl uids (Ringer- 
lactate or Hartmann’s solution) over 4 hours. 

 O Ask an assistant to massage the fundus of the uterus 
to encourage a tonic uterine contraction. 

 O If there is continued heavy bleeding, give 10 units 
of oxytocin IM. If this does not work, try ergometrine 
200–500 micrograms (not if there is or has been hyper-
tension) IM and, if that does not work, give misoprostol 
rectally as 4 × 200 microgram tablets or pessaries 
(800 micrograms total) or, if the woman is conscious, 
misoprostol orally 3 × 200 microgram tablets.

 O Examine the uterine surface of the placenta to ensure 
that it is complete. If any placental lobe or tissue is 
missing, explore the uterine cavity under strict surgical 
asepsis to remove it. 

 O Examine the mother carefully and repair any tears to the 
cervix or vagina, or undertake episiotomy repair.

Problems
If the placenta is retained due to a constriction ring or 
if hours or days have passed since delivery, it may not 
be possible to get the entire hand into the uterus. Consider 
using a general anaesthetic to help to relax the cervix, and 
extract the placenta in fragments using two fi ngers or ovum 
forceps, but be very careful not to penetrate the soft uterine 
wall. If hours or days have passed and/or signs of sepsis 
are present, treat for puerperal sepsis with a full course of 
IV antibiotics (see Section 2.5.G). 
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Post- procedure care
Observe  the mother closely until the effect of IV analgesia 
has worn off. 

 O Monitor the vital signs (pulse, blood pressure, respiration 
and temperature) every 15 minutes for the fi rst hour and 
then every 30 minutes for the next 6 hours or until the 
patient is stable. 

 O Palpate the uterine fundus to ensure that the uterus 
remains contracted. 

 O Check for excessive lochia. 
 O Continue infusion of IV fl uids. 
 O Transfuse as necessary, especially if the mother is 

severely anaemic before the procedure.
 O Warn the mother of the increased risk of this occurring 

at the time of the next pregnancy, and therefore advise 
her to deliver in a well- equipped comprehensive EmOC 
facility. 

Bilateral pudendal nerve block
Indications
This technique is indicated for some instrumental deliv-
eries, for repair of larger tears, and for craniotomy or 
craniocentesis.

A pudendal nerve block targets the pudendal nerve as 
it enters the lesser sciatic foramen, about 1 cm inferior and 
medial to the attachment of the sacrospinous ligament to 
the ischial spine. The aim is to block the nerve proximal to 
its terminal branches. Here the nerve is medial to the internal 
pudendal vessels. The transvaginal approach is described 
here, as it is the most reliable. 

Dilute 20 mL of 1% lidocaine to 40 mL with Ringer- 
lactate or Hartmann’s solution, to make a solution of 0.5%. 
This is used starting with 15 mL on each side. The remaining 
10 mL can be used to infi ltrate the perineum during repairs 
if these are needed.

Adrenaline is not used with the lidocaine.
Ensure that IV access is in place.
The needle used should be around 15 cm in length and 

20–22 gauge.
The procedure must be undertaken with surgical steril-

ity after cleaning the vagina with chlorhexidine (Hibitane) 
obstetric cream, and always using sterile gloves.

Resuscitation equipment and medications should 
always be readily available in case an adverse reaction to 
the local anaesthetic occurs.

Procedure
Palpate the ischial spine through the vaginal wall.

A metal trumpet (see Figure 2.13.44) can facilitate the 
placement of the needle and limit the depth of submucosal 
penetration, but is not essential. 
 1 To perform a left- sided block, palpate the ischial spine 

with the index fi nger of the left hand, hold the syringe 
in the right hand, and guide the needle between the 
index fi nger and middle fi nger of the left hand toward 
the ischial spine (see Figure 2.13.45). 

 2 Place the end of the guide beneath the tip of the ischial 
spine.

 3 Push the needle into the vaginal mucosa.
 4 Aspirate to ensure that the needle is not in one of the 

pudendal blood vessels, which could be very dangerous 
if lidocaine is injected.

 5 Inject 1 mL of local anaesthetic.

 6 Advance the needle through the vaginal mucosa until 
it touches the sacrospinous ligament 1 cm medial and 
posterior to the ischial spine. 

 7 Aspirate to ensure that the needle is not in one of the 
pudendal blood vessels, which could be very dangerous 
if lidocaine is injected, and infi ltrate with 3 mL of local 
anaesthetic.

 8 Next, advance the needle further through the sacros-
pinous ligament for a distance of 1 cm until a loss of 
resistance is detected.

 9 The tip now lies in the area of the pudendal nerve. 
At this point, the pudendal vessels lie just lateral to 
the pudendal nerve, so care must be taken to avoid 
intravascular administration. Aspirate to confi rm that the 
needle placement is not intravascular prior to injecting 
lidocaine. 

 10 Inject another 3 mL of local anaesthetic solution into 
this region.

FIGURE 2.13.44 Metal trumpet to guide needle to site of pudendal 
nerve.

FIGURE 2.13.45 Inserting the needle using a trumpet guide. © 
2012 Christy Krames. 
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 11 Subsequently, withdraw the needle into the guide and 
move the tip of the guide to just above the ischial spine.

 12 At this new location, reinsert the needle though the 
mucosa and again inject 3 mL of local anaesthetic. 
Aspirate to confi rm that the needle placement is not 
intravascular prior to injecting lidocaine.

To block the right side of the pelvis, repeat these steps 
using the right hand to hold the needle and needle guide.

The block usually takes at least 5 minutes to become 
effective, and lasts for between 20 and 60 minutes. Check 
bilaterally for pain before starting the procedure. 

A smaller repeat dose (up to 5 mL of 0.5% lidocaine) on 
each side can be used if an adequate block is not seen. 

A pudendal block does not provide adequate anaes-
thesia for deliveries that require uterine manipulation, 
postpartum examination and repair of the upper vagina 
and cervix, and manual exploration of the uterine cavity.

Under these circumstances, the addition of intravenous 
narcotics or ketamine may be required.

Vaginal examination in obstetrics
Vaginal examination should be performed only if it is essen-
tial, and the risk of infection must be minimised by hygienic 

hand washing and the use of a new set of examination 
gloves. At all times it is important to preserve the patient’s 
dignity and privacy. In labour, a chlorhexidine obstetric 
cream can prevent ascending infection. 

Always undertake abdominal palpation fi rst.
Do not undertake vaginal examination if there is a pos-

sibility of placenta praevia, if there are ruptured membranes 
and the woman is not in labour, or if there is active herpes 
simplex infection in ruptured membranes unless the patient 
is in labour.

If you are using a speculum, offer to demonstrate it, 
explain how it is inserted and ensure that the correct size 
is used. 

Document any blood loss, discharge and its character-
istics, and any amniotic fl uid and its characteristics. If female 
genital cutting is present, record this and describe the type.

Document the cervical length, position, dilatation, and 
application to the presenting part of the fetus. Determine 
if possible the presentation of the fetus and whether there 
is caput and/or moulding present. Evaluate pelvic size by 
examining the ischial spines and suprapubic arch.

At the end, provide a clean sanitary pad, auscultate the 
fetal heart, describe the results of the examination to the 
woman, and record the fi ndings in the notes.



Section 3
Neonatal care
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3.1 Preparation for and care of the baby at birth

BOX 3.1.1 Minimum standards
 Q Two clean dry towels.
 Q Firm work surface with padding.
 Q Stethoscope.
 Q Laryngoscope with straight blades size 0 and 1, spare 

bulbs and batteries.
 Q Set of ET tubes 2.5, 3.0, 3.5 and 4.0 with connectors 

to fi t the infl ation system.
 Q Umbilical catheter with fi xating system.
 Q Adrenaline 1:10 000.
 Q Sodium bicarbonate 8.4%.
 Q Naloxone.
 Q Dextrose 10%.
 Q Ringer- lactate or Hartmann’s solution.
 Q Soft suction device.
 Q Warming device.
 Q Food- grade plastic wrapping.

Introduction
Neonatal mortality in resource- limited countries runs at an 
unacceptably high level. The World Health Organization 
(WHO) estimates that worldwide there are 9000 neonatal 
deaths per day. Of these, approximately one- third are 
a result of neonatal infections, one- third are due to fetal 
hypoxia and a further one- third are due to prematurity and 
low birth weight. 

If death and long- term or permanent disability are to be 
avoided, the management of neonatal emergencies must 
be both coordinated and effective. The care delivered in 
the fi rst few minutes and hours of life is a major determi-
nant of the outcome. Since in resource- limited countries 
almost half of the deliveries do not occur in hospitals, it is 
important that community- based skilled birth attendants 
(SBAs), traditional birth attendants (TBAs) and community 
health workers (CHWs) are encouraged to develop skills to 
recognise the vulnerable baby prior to delivery and provide 
effective intervention as required after birth.

Basic aspects of newborn care that 
apply to both community and hospital 
deliveries
In order to minimise the number of infants dying from birth- 
related problems (including perinatal asphyxia) or arriving 
at hospital with major complications which cannot be cor-
rected, it is important for the hospital to work closely with 
the community. 

The following approach has been shown to be helpful.
 O All community- based healthcare professionals, including 

SBAs, TBAs and CHWs, should be able to undertake 
basic resuscitation of the newborn. Skills- based training 
involving manikins and the provision of a self- infl atable 
bag and mask to all these healthcare workers is essen-
tial, as delaying newborn resuscitation until the infant 
reaches the hospital will usually be too late, resulting in 
death or severe brain damage.

 O Clean delivery kits should be available to all such health-
care workers.

 O There should be regular clinical audits and educational 
meetings with participation from all community- based 
healthcare workers. 

 O Community- based SBAs, TBAs and CHWs should 
ensure that mothers with pregnancy- related complica-
tions (e.g. preterm birth, breech presentation, twins) 
are identifi ed and referred to the local hospital where 
there are good facilities for obstetric and newborn care.

 O The local hospital must provide comprehensive emer-
gency obstetric and neonatal care. Good management 
of labour and delivery is the key to intact neonatal 
survival. 

Mothers who require referral to hospital for delivery include 
those with:

 O peripartum bleeding
 O malpresentation (breech, face, shoulder)
 O preterm labour (< 35 weeks)
 O twins
 O abnormal fetal heart rate in labour. 

The baby at risk of developing 
problems at birth
Preterm birth
Maturity matters more than birth weight. Prematurity is 
defi ned as gestation of less than 37 weeks (or less than 
259 days from the first day of the mother’s last men-
strual period). In the absence of special facilities, mortality 
increases substantially in cases of gestation less than 
32 weeks, and survival at less than 28 weeks is unlikely 
in resource- limited settings. When a preterm delivery is 
anticipated, realistic expectations should be discussed 
with the parents, and any limitations on resuscitative efforts 
should be agreed upon.

Preventative strategies
These may include minimising the risk of surfactant defi -
ciency and stopping premature uterine contractions.

Minimising the risk of surfactant defi ciency: this can 
be halved if the mother is given a short course of high- dose 
steroid treatment before delivery: 

 O dexamethasone, 12 mg IM, two doses 12 hours apart
 O or dexamethasone, 6 mg IM, four doses 12 hours apart.

Stopping premature uterine contractions:
 O Give 20 mg nifedipine orally. Up to three further doses 

can be given at 30- minute intervals if uterine contrac-
tions persist.

 O If this stops labour, give 20 mg nifedipine orally three 
times a day for the next 3 days. 

Other problems associated with preterm birth include the 
following:

 O Even very small babies can survive preterm birth 
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successfully once the early problems associated with 
surfactant deficiency have been overcome, and as 
long as they are nursed in a clean environment and not 
allowed to get cold.

 O Preterm babies are at increased risk of infection and 
hypothermia.

The main challenge is to give these babies enough nutri-
tion for them to start growing again as soon as possible 
(see Section 3.3).

 O Here, too, maturity is more important than weight. 
Babies born before 36 weeks’ gestation nearly always 
need some help with feeding.

 O Breast milk is ideal, and everything possible should 
be done to help the mother sustain her lactation until 
the baby is ready to feed reliably from the breast. A 
limited ability to suck and swallow usually appears 
from 32 weeks’ gestation, but it remains unpredictable, 
unreliable and uncoordinated until 36 weeks’ gestation. 
In the event that breastfeeding cannot be initiated imme-
diately after birth, mothers should be encouraged to start 
expressing breast milk, to be given by nasogastric tube 
or cup and spoon. 

 O Partial breastfeeding can also help the mother to sustain 
her lactation, but in any event the mother should regu-
larly express milk. Some mothers might fi nd expressing 
breast milk diffi cult and may require help with this.

Infection 
It is important to identify babies at risk of infection prior to 
delivery. If identifi ed, the mother should be given antibiotics 
appropriately. Many of the babies who become infected 
during delivery develop respiratory signs very soon after 
birth, but in a few, the features are those of neonatal sep-
sis. In addition, there are a proportion of babies who are 
initially asymptomatic, and therefore prophylactic antibiotics 
should be commenced in the infant if there are risk factors 
for infection.

When to consider antibiotics for the mother 
and newborn

 O Symptomatic ascending infection in utero needs 
urgent treatment. If this is overlooked, both the mother’s 
and the baby’s life will be in danger.

 O Asymptomatic infection is, however, a much com-
moner problem. This occasionally progresses so rapidly 
once labour starts that, unless treatment is started at 
once, the baby will die even if the most appropriate 
antibiotic is given immediately after birth. Because 
such infection by defi nition is silent, it is important that 
treatment be considered in any mother going into active 
spontaneous labour before 35 weeks’ gestation.

 O Membrane rupture can be both a sign of, and a 
risk factor for, ascending bacterial infection. What 
most people mean by premature rupture of mem-
branes (PROM) is really preterm pre- labour rupture of 
membranes (PPROM), where the membranes rupture 
before there is any overt sign of uterine activity or any 
detectable uterine contractions. When this happens in 
the preterm baby, it is often a sign of the start of some 
sort of ascending infectious process. This process has 
already weakened the amniotic membranes and may 
stimulate the onset of preterm labour. Antibiotics must 
be given to the mother.

 O Treatment with antibiotics should also be considered 
at any gestation if the mother’s membranes rupture 
more than 18 hours before delivery. If premature rup-
ture of membranes occurs before the onset of premature 
labour contractions then infection is more likely. 

 O Maternal fever (> 38°C) in labour is a strong indica-
tion for initiating antibiotics for the mother. Similarly, 
foul- smelling or purulent liquor requires IV antibiotic 
treatment of the newborn from birth without waiting for 
any signs of infection. 

 Q In mothers with PPROM who show signs of being clini-
cally infected give IV antibiotics. 

 Q In PPROM where there is no evidence of infection and 
no evidence of labour you can delay delivery by 1 week 
or more (on average) by giving the mother amoxicillin 
or, better still, erythromycin.

 Q In mothers who are in active labour 5 or more weeks 
before term and who give a clear history that the mem-
branes had ruptured before they were able to detect 
any uterine contractions, the risk of the baby becoming 
infected during delivery can be reduced substantially 
by giving antibiotics IV (ideally probably both penicillin 
and gentamicin) during labour.

Antibiotic management of perinatal infection
Where facilities allow, a blood count, C- reactive proteins and 
blood cultures should be taken before starting antibiotics. 
Because a range of bacteria can be involved, treatment of 
the baby needs to protect against group B streptococcal, 
coliform and Listeria infection, making a combination of 
ampicillin and gentamicin the best strategy:

 O Give ampicillin 50–100 mg/kg IV 12- hourly and gen-
tamicin 5 mg/kg every 24 hours IV if more than 32 weeks’ 
gestation, and 3 mg/kg if less than 32 weeks. 

The WHO recommends that a neonate with risk factors 
for infection (i.e. membranes ruptured > 18 hours before 
delivery, maternal fever > 38°C before delivery or during 
labour, or foul- smelling or purulent amniotic discharge) 
should be treated with prophylactic antibiotics (IM or 
IV ampicillin and gentamicin) for at least 2 days. After 
this the neonate should be reassessed and treatment 
continued only if there are signs of sepsis (or a positive 
blood culture).

Hypothermia (see Section 3.3)
Hypothermia seriously increases the risk of surfactant defi -
ciency and hypoglycaemia, and must be avoided. 

Preparation for birth in the home and in 
hospital
For the majority of deliveries, only a minimum amount of 
resuscitation equipment is needed. 

Equipment for basic resuscitation of the 
infant at home
The following equipment is needed:

 O 2 clean dry towels
 O a fi rm working surface (padded)
 O a bulb suction device
 O a well- fi tting mask (size 0/1)
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 O a self- infl atable bag 
 O clean scissors or razor blade
 O boiled string (two 6- inch lengths)
 O woollen cap or head covering.

Management at delivery of a baby not 
needing resuscitation
Summary of management of the healthy 
baby at birth

 O Deliver the baby on to the mother’s abdomen or a warm 
surface, dry and cover.

 O Clamp cord when pulsation stopped, usually between 
2 and 3 minutes after birth and keep the baby between 
the mother’s thighs level or below the placenta.

 O Prevent hypothermia by nursing skin to skin with the 
mother.

 O Initiate early breastfeeding.
 O Minimise infection by hand washing, cord care and using 

clean materials.
 O Give an injection of vitamin K.

Most babies do not need any resuscitation at birth but only 
require basic care to prevent infection and hypothermia. 
Extensive mouth suction, face mask oxygen, and vigor-
ous stimulation in order to provoke a fi rst gasp or cry are 
unnecessary rituals without clinical justifi cation. As long 
as the baby becomes pink, and starts to breathe without 
distress, most babies should stay with their mothers and 
have a fi rst feed at the breast within minutes of birth. 

A simple approach would be to keep newborns without 
complications in skin- to- skin contact with their mothers 
during the fi rst hour after birth to prevent hypothermia and 
promote breastfeeding. Colostrum, the initial milk with 
a clear, yellowish and thick appearance, is an extremely 
nutritious and concentrated feed rich in immunoglobulins 
(it is only present during the fi rst 3 to 4 days). Mothers 
should be informed of its benefi ts and that it is ideal for their 
baby to feed on this as soon after birth as possible and as 
frequently as possible. 

Preventing heat loss after birth
 O Once any necessary resuscitation process has fi nished 

and as soon as the baby becomes pink, and starts to 
breathe without distress, they can be given to the mother 
for skin- to- skin contact and their fi rst feed at the breast. 
This practice, among other benefi ts, not only prevents 
hypothermia but also helps in better uterine contraction 
following delivery. 

 O The practice of using water or oil to clean the skin within 
a few hours of birth before the body temperature has 
stabilised can make the baby dangerously hypothermic. 
A simple drying of the skin with a warm towel or sheet 
is all that is required. 

 O There is no more effective source of warmth than the 
mother’s own body, so long as the baby is fi rst well 
dried to minimise evaporative heat loss. A larger sheet 
or blanket can then be used to protect both mother and 
baby from the convective heat loss caused by draughts.

 O Babies have relatively large heads. Covering the head 
with a shawl, blanket or woollen cap can signifi cantly 
reduce heat loss.

 O Heat and water loss through the skin can be a particular 
problem in babies born before 32 weeks’ gestation. 

This can be limited initially by wrapping all but the face 
in a clean plastic wrapping such as cling fi lm or a food- 
grade plastic bag with a hole cut in the end of the bag 
for the baby’s head to protrude, for a few hours after 
birth. Remember that plastic over the face can cause 
death from suffocation. If plastic bags or cling fi lm are 
not available, the preterm baby must be wrapped well in 
a clean towel or blanket. However, plastic bags are very 
good for preventing heat loss, but only in conjunction 
with an overhead heat source or heated mattress. If the 
fl uid in the bag gets cold it will cool the baby quicker 
than drying and wrapping.

 O Heat supplementation can be provided by locally built 
and maintained incubators, overhead heating systems, 
and skin- to- skin (kangaroo) care.

 O Ideally, the fi rst bath should be delayed for at least 
24 hours.

Managing the placenta, cord and umbilical 
stump
Babies often become relatively anaemic 4 to 6 months after 
birth because red cell production does not keep pace with 
body growth. This problem can be minimised by ensuring 
that blood intended for the baby is not left in the placenta 
at birth.

If the baby is held higher than the placenta (i.e. on the 
mother’s abdomen) while the cord is still pulsating, blood 
will drain out of the baby and into the placenta, so hold the 
(covered) baby just below the placenta for 2 minutes if the 
cord is still pulsating. If the cord is clamped before it stops 
pulsating, this will also reduce the normal ‘placental transfu-
sion’ at birth, especially if the uterus has not yet contracted.

If, however, blood is artifi cially ‘milked’ from the placenta 
into the baby, it is possible to leave the baby with so many 
red cells that the blood becomes thick and polycythaemic. 
Neonatal polycythaemia has many complications, including 
putting the circulation under strain, making the capillary 
circulation very sluggish, and increasing the risk of jaundice 
(see below).

It is recommended after a vaginal delivery to wait for 
2 minutes before cutting the cord if it is still pulsating, to 
maximise the baby’s haemoglobin, unless there is a need to 
start resuscitating the baby.

The cord must be cut cleanly, and the cut stump 
secured in a manner that minimises the risk of late haemor-
rhage. Remember that prevention rather than treatment is 
the key. A supply of fresh disposable razor blades is one 
widely adopted strategy in some communities where home 
birth is the norm.

The umbilical stump will shrink as it dries out. Plastic 
clamps that shut down further as the cord starts to shrink 
are very effective. They are relatively inexpensive, and they 
do make it possible to cut the stump about 2–4 cm from 
the skin. An elastic band, if carefully applied, is a cheap 
and well- tested alternative. A stump that is left too long 
provides a reservoir where bacteria can breed and multiply 
with great speed, and therefore should not be permitted. A 
length of 2–4 cm is ideal. 

A short stump does not need to be covered except 
to keep it from snagging on clothes and blankets. Recent 
studies in resource- limited countries have shown that the 
application of 4% chlorhexidine solution immediately after 
birth can prevent omphalitis. Other possible antiseptics 
include surgical spirit or iodine.
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Often the cord manifests a little ‘stickiness’, which may 
be of no concern. However, a local antiseptic should be 
applied if a red skin fl are suggests early spreading staphy-
lococcal cellulitis. Such babies must also be given an oral 
anti- staphylococcal antibiotic (cloxacillin or fl ucloxacillin). 
If the skin around the stump becomes oedematous with 
increasing redness, IV cloxacillin or oral fl ucloxacillin (25 mg/
kg three times a day for 7 days) is usually the most logical 
choice. Babies who are systemically unwell always need 
urgent broad- spectrum antibiotic treatment, IV or IM, for 
septicaemia. 

The risk of neonatal tetanus can be eliminated by 
ensuring that all mothers are immunised against tetanus 
with at least two injections of tetanus toxoid 1 month apart 
during pregnancy.

The risk of cross- infection during or after 
birth 
Puerperal infection (‘child- bed fever’) is an illness that killed 
thousands of recently delivered women for more than two 
centuries. The fact that this could be eliminated if birth 
attendants washed their hands thoroughly every time they 
moved from one woman to the next was shown many 
years before it was ever realised that this lethal illness was 
caused by group A streptococcal infection. The arrival of 

antibiotic treatment has reduced the risk of death, but it 
has not lessened the need for meticulous hand washing 
before vaginal examination or delivery. Failure to observe 
this simple but important precaution also puts the baby at 
risk of cross- infection, especially if the baby is being cared 
for in a hospital setting.

The WHO estimates that infection is responsible for 
one- third of all neonatal deaths (over 3000 deaths a day). 
Kangaroo care has significantly reduced the number of 
neonatal deaths from infection by colonising babies with the 
mother’s bacteria rather than those of the hospital.

Neonatal examination before discharge 
of a baby from the hospital 
Before discharging the baby it is important that some basic 
checks are made. These include ensuring that the baby is 
feeding well, has passed meconium and urine and does 
not have any gross congenital abnormalities. Always check 
for jaundice. If there are qualifi ed personnel available, a 
more detailed check could be undertaken. All examina-
tions should be documented, including abnormalities, even 
if there is no other action which can be taken. It is also 
important to check local guidelines, if any.

Pre- Discharge Newborn Checklist
Name Mother’s name
Date of birth Gestation
Mode of delivery Need for resuscitation
Birth weight Head circumference
Type of feed Mother’s blood group

Tick if normal/Describe if abnormal Common problems to look for 
Head Anencephaly, occipital encephalocele, microcephaly, large 

fontanelle, abnormal shape of head
Face Abnormal looking facies
Ears Low set ears, absent ears, ear tags
Eyes White- coloured pupil, white cornea
Nose Blocked nostrils with breathing diffi culty
Lips Cleft lip
Palate Missing palate 
Neck Swelling on the neck, holding neck to one side
Clavicles Lumps or bumps on the clavicle
Chest Shape of chest 
Abdomen Scaphoid (empty) abdomen
Umbilicus Omphalocoele, gastroschisis, hernia
Genitalia Abnormal genitalia, undescended testis, hypospadias
Anus Absent anus, abnormally placed anus
Spine Spina bifi da, meningomyelocele
Upper limbs Absent limbs, contractures of limbs, not moving arm
Lower limbs Not moving limbs, unequal limbs
Hands Missing or extra digits
Feet Abnormally shaped feet (talipes), missing or extra digits
Hips Hip dysplasia (Barlow and Ortolani manoeuvres)
Jaundice
Chest Air entry (right and left)
CVS Murmur, femoral pulse, cyanosis
Abdomen Spleen, liver, kidney, palpable mass
Birth marks
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The following data should be recorded in the notes of 
every newborn baby.
Baby’s name (if given at the time)
Mother’s data

 O Name, address, date of birth, and any identifying number
 O Parity and previous obstetric history
 O Blood group
 O First day of last menstrual period
 O Results of any antenatal serology (e.g. rubella, 

syphilis, rhesus titres, HIV status)
 O Illness during the pregnancy
 O Drugs taken during the pregnancy
 O Family history of any illnesses

Father’s data
 O Full name, address and date of birth
 O Family history of any illnesses

Labour and delivery data
 O Time of onset: whether induction of labour or 

spontaneous
 O Time membranes ruptured and any other known risk 

factors for infection (see below)
 O Duration of fi rst and second stage of labour
 O Drugs given to the mother in labour
 O Presentation and mode of delivery
 O Full details of any resuscitation for baby or mother
 O Time, dose, route of administration and full generic name 

of any drugs given to the mother

Baby data
 O Temperature shortly after delivery, to document ade-

quate thermoregulation
 O Birth weight

 O Head circumference (best measured after 24 hours 
when moulding has subsided)

 O Length (ideally)
 O Full physical examination, noting any abnormalities or 

evidence of birth trauma detected
 O Details of dose, preparation and route of administration 

of any drugs given at delivery (e.g. vitamin K)
 O If not already given, ensure that vitamin K 1 mg IM 

is administered

Follow- up home visits
Trials in South Asia have shown that three home visits 
in the fi rst week of life (starting on the day of birth) by 
trained healthcare workers can reduce neonatal mortality 
by 30–60%. During their visits, the healthcare workers pro-
mote essential newborn care, examine babies for danger 
signs, and treat or refer when appropriate, counsel the 
families in how to recognise danger signs and emphasise 
the importance of prompt referral when they are identifi ed. 

The WHO and UNICEF recommend that skilled health-
care workers (nurses or midwives) should undertake these 
visits, but in many settings this is not possible. Volunteers 
have also been trained to do this, and recently the effec-
tiveness of this has been shown in Ghana, where a fall in 
neonatal mortality followed two home visits during preg-
nancy and three visits in the fi rst week of life. 

Further reading
Van- Rheenen P (2011) Delayed cord clamping and improved 

infant outcomes. British Medical Journal, 343, d7127. 
WHO and UNICEF (2009) WHO/UNICEF Joint Statement. 

Home visits for the newborn child: a strategy to improve 
survival. www.unicef.org/health/f i les/WHO_FCH_
CAH_09.02_eng.pdf

3.2 Resuscitation of the newly born

Introduction
Respiratory changes at birth in a healthy 
term infant

 O During life in utero, the infant’s lungs are full of lung tissue 
fl uid. The fl uid is removed during labour and at birth by 
the following mechanisms:

 — at the onset of labour, lung fl uid production stops
 — as labour progresses, re- absorption of lung fl uid 
occurs

 — about 35 mL of fl uid are expelled from the lungs as a 
result of thoracic compression during vaginal delivery

 — the fi rst breaths generate relatively high pressures to 
infl ate the lungs, which has the effect of pushing this 
fl uid into the circulation. These fi rst breaths establish 
the infant’s functional residual capacity.

 O Surfactant is produced in the alveoli to prevent them 
collapsing completely during expiration. 

 — Production starts slowly at 20 weeks’ gestation, and 
increases rapidly from 30–34 weeks and thereafter. 

 — Surfactant production is reduced by hypothermia, 
hypoxia and acidosis.

Caesarean section is associated with delayed clearance of 
pulmonary fl uid, and reduces the initial functional residual 
capacity

Most infants breathe well and do not need active 
‘resuscitation’ at birth. Simply drying the infant with a warm 
dry sheet/towel will in most cases stimulate a cry from the 
infant thus expanding the lungs (see Section 3.1). Attempts 
to clear the airway, to stimulate breathing, or to give facial 
oxygen are unnecessary. Therefore routine airway suction-
ing is not needed. Most infants make all the circulatory 
adjustments required at birth without external intervention 
as the lungs expand. All that the birth attendant has to do 
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is to optimise the conditions needed for these changes to 
occur smoothly

Around 5% of infants do not breathe spontaneously 
after delivery. However, breathing can be started in almost 
all these infants by correctly applying bag- and- mask ven-
tilation. With lung infl ation there is an immediate and easily 
detectable rise in heart rate. It may be diffi cult to identify 
the infant’s pulse rate by palpation at any site, so the best 
way to determine the heart rate is to listen over the chest 
with a stethoscope.

Far less commonly, infants are born cyanosed, shocked, 
limp and hypotonic. Around 1% do not respond to bag- 
and- mask ventilation, and need further help with advanced 
resuscitation.

Resuscitation at birth
Equipment needed for resuscitation 
The following equipment is needed:

 O Two clean dry towels.
 O A fi rm working surface.
 O Heat and light source. 
 O Sterile gloves.
 O Sterile scissors.
 O Sterile cord clamps. 
 O Food- grade plastic wrapping (cling fi lm). 
 O Clock.
 O Soft well- fi tting face masks (size 0/1 and 00).
 O A self- infl atable bag.
 O A source of oxygen.
 O A pressure- limiting device at 30 cmH20 if T- piece is used.
 O A stethoscope.
 O A laryngoscope, with straight blades size 0 and 1, and 

spare bulbs.
 O A set of endotracheal tubes (2.5, 3.0, 3.5 and 4.0 mm) 

with adaptors to fi t the infl ation system.
 O An endotracheal stylet.
 O An umbilical venous catheter (or use a sterile feeding 

tube).
 O A pulse oximeter (if available).
 O A roll of zinc oxide tape for name- band. 
 O Syringes: 1 mL, 5 mL and 10 mL.
 O Emergency drugs: 1 in 1000 adrenaline plus sterile water 

for dilution to make 1 in 10 000.
 O Ringer- lactate or Hartmann’s solution.
 O Glucose 10%.
 O Nalorphine (naloxone) if opiates are used during labour.

Immediate preparation
Two clean dry towels are needed, one to dry the infant and 
one to keep them warm, a fi rm working surface in a warm 
well- lit area, a self- infl ating bag with good soft well- fi tting 
face mask (see below), and a suction device and a source 
of oxygen if possible is all that most infants who have not 
started breathing spontaneously need.

Self- infl ating bag, valve and masks 
A soft close- fi tting face mask is essential. Access to a 
range of sizes of mask makes it possible to manage infants 
weighing as little as 500 g or as much as 5000 g at birth. 
It provides a near- airtight seal between mask and face in 
a way that mimics the effectiveness and effi ciency of an 
endotracheal tube. Hence it is possible to use a mask as 
effectively as an endotracheal tube along with a self- infl ating 

bag to administer slow infl ating pressures up to a maximum 
inspiratory pressure of 30 cmH2O to the fl uid- fi lled lung of an 
infant who is not breathing or who is making poor respira-
tory efforts at birth. The bag- valve-mask infl ates the lungs, 
enabling the infant’s respiratory centre to be oxygenated 
and initiate spontaneous respiration.

Suction devices
A range of simple suction devices, with a soft wide- bore 
tube (10 or 12) either mechanically or electrically operated, 
are available. Suction is rarely needed and should not be 
performed routinely. Mouth- to- mouth suction can be effec-
tive, but places the operator at risk of infections such as HIV 
or hepatitis. A double mucus trap may be used to help to 
prevent infected material being accidentally drawn into the 
mouth, but even this may be insuffi cient for user protection.

Circulatory access and drugs
An umbilical vein catheter may be used to administer drugs, 
but it is important to note that infants who require drugs 
during resuscitation have poorer outcomes and are at 
increased risk of death and long- term neurological seque-
lae. Ringer- lactate or Hartmann’s solution, plasma expander 
or blood in the case of hypovolaemia due to fetal bleeding 
(see below) may occasionally be required and would use 
the umbilical vein route. The intra- osseous route is also now 
being used, either using a purpose- made needle and drill 
set or by using an venepuncture needle and the medial side 
of the tibial bone, below the growth plate (see Section 8.N). 
For a discussion of drugs, see below. 

Timing
A clock will help you to document the duration of resuscita-
tion and the timing of interventions. 

Additional equipment
A heat and light source is needed plus food- grade plastic 
wrapping for infants under 32 weeks’ gestation.

An oxygen source is helpful but not essential for infants 
who need advanced resuscitation.

A pulse oximeter can be of help in monitoring the 
improvement in oxygenation and detecting the occasional 
infant with sub- clinical cyanosis requiring further interven-
tion or evaluation for cardiac or pulmonary disease. It is 
also useful to prevent hyperoxia when oxygen is used in 
resuscitation, especially in the preterm infant.

A roll of zinc oxide tape half an inch wide can be used 
to make a simple name band for infants not delivered in 
their own homes. Take six inches of this tape, write the date 
and the mother’s name at one end, turn the last two inches 
of the other end back on itself (so the tape does not stick 
to the skin), and then turn this into a simple bracelet round 
the child’s wrist. Ensure that the bracelet is loosely fi tting 
to avoid a tourniquet effect.

Guidelines from the 2010 International 
Liaison Committee on Resuscitation (ILCOR)
The main changes that have been made to the Neonatal 
Life Support (NLS) guidelines relevant to resource- limited 
countries are as follows:

 O The use of food- grade plastic wrapping (cling fi lm) is 
recommended to maintain body temperature in very 
small preterm infants.

 O Ventilatory resuscitation may be started with air. However, 
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where possible, additional oxygen should be available if 
there is no rapid improvement in the infant’s condition.

 O Adrenaline should be given by the IV route, as standard 
doses are likely to be ineffective if given via a tracheal 
tube.

 O If there are no signs of life after 20 minutes of continuous 
and adequate resuscitation efforts, discontinuation of 
resuscitation may be justifi ed.

Sequence of actions during 
resuscitation of the newborn
There are agreed guidelines from the 2010 International 
Liaison Committee on Resuscitation (ILCOR). The sequence 
below and that of ‘Helping Infants Breathe’ are both practi-
cal applications of these principles.

First call for help
Start the clock or note the time. Keep the infant dry and 
warm and assess their breathing and heart rate.

 O Infants are born small and wet. They get cold very easily, 
especially if they remain wet and in a draught. Whatever 
the problem, dry the infant well, including the head. 
Remove the wet towel, and wrap the infant in a dry 
towel. It is helpful if the towels are warm.

 O There is good evidence that for very preterm infants 
(30 weeks’ gestation or earlier), placing the infant under 
a radiant heater after drying, and immediately covering 
the head and body, apart from the face, with clean plastic 
wrapping, is the most effective way of keeping these very 
small infants warm during resuscitation.

 O Drying the infant immediately after delivery will provide 
signifi cant stimulation during which colour, tone, breath-
ing and heart rate can continue to be observed.

 O It is important to monitor the infant’s breathing. 
Observing the colour, heart rate and tone helps to 
document the infant’s condition and assess their 
response to resuscitation.

 O Reassess these observations regularly (particularly the 
heart rate), every 30 seconds or so, throughout the 
resuscitation process. The fi rst sign of any improvement 
in the bradycardic infant will be an increase in heart rate.

 O A healthy infant may be born blue but will have good 
tone, will cry within a few seconds of delivery, will have 
a good heart rate (the heart rate of a healthy newborn 
infant is about 120–150 beats/minute) and will rapidly 
become pink during the fi rst 90 seconds or so. An ill 
infant will be born pale and fl oppy, not breathing, and 
with a slow or very slow heart rate.

 O The heart rate of an infant is best judged by listening 
to the chest with a stethoscope. It can also sometimes 
be felt by palpating the base of the umbilical cord, but 
a slow rate at the cord is not always indicative of a truly 
slow heart rate, and, if the infant is not breathing, must 
not delay the immediate application of lung infl ations. 
In addition, if the infant is not breathing, feeling for 
peripheral pulses is potentially harmful as it delays the 
onset of life- saving lung infl ations. If a stethoscope is not 
available, you can listen to the heart by placing your ear 
on the infant’s chest or using a Pinard’s stethoscope.

Airway: Keep the airway open 
 O Before the infant can breathe effectively the airway 

must be open.

 O The best way to achieve this in an infant who is not 
breathing well is to place the infant on their back with the 
head in the neutral position (i.e. with the neck neither 
fl exed nor extended). Most newborn infants will have a 
relatively prominent occiput, which will tend to fl ex the 
neck if the infant is placed on their back on a fl at surface. 
This can be avoided by placing some support using a 
folded nappy or cloth under the shoulders of the infant, 
but be careful not to overextend the neck.

 O If the infant is fl oppy it may also be necessary to apply 
chin lift or jaw thrust.

The best way to stabilise an infant’s condition at birth is 
to ensure that the upper airway remains unobstructed. 
The child will then have little diffi culty in drawing air into its 
lungs for itself when it takes its fi rst spontaneous gasp or 
cry. Unfortunately, books often talk of the need to keep the 
airway ‘clear’, giving the false impression that the infant is 
going to fi nd it diffi cult to breathe unless all the fl uid and 
mucus is fi rst sucked out of the way. There is no evidence 
that this is ever necessary unless the infant is meconium 
stained or does not breathe well. Moreover, blind deep 
suction of the nose or mouth can stimulate the vagus nerve, 
leading to bradycardia, apnoea and laryngospasm. 

However, the upper airway of any infant who is born 
limp and hypotonic certainly needs to be opened and 
maintained in just the same way as the airway of any other 
unconscious patient. In an unconscious patient, pharyn-
geal tone decreases even more than it does during sleep, 
causing the upper airway to narrow or close. When such 
a patient is laid on their back the tongue also falls back, 
further obstructing the airway. There are three key ways 
to counter this: 
1 Hold the head in the neutral position and
2 Support the chin or
3 Push the jaw forward.

Because of moulding, most infants have quite a prominent 
occiput at birth. Lying supine (on their back) on a fl at sur-
face, the neck becomes fl exed, and the airway becomes 
obstructed. Exactly the same thing can happen if the neck 
is over- extended. The aim is to ensure that the head is in 
a ‘neutral’ position – a posture most easily achieved by 
placing a small (2 cm high) pad under the infant’s shoulders. 

It is important that all healthcare workers who conduct 
deliveries are taught how to open the airway correctly.

FIGURE 3.2.1 Neutral position of the head and neck in a newborn. 
Reproduced with the permission of Medical Aid Films, www.
medicalaidfi lms.org
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If tone is poor it may also be necessary to support the 
chin. It is important to support the bony part of the chin. 
Pressure anywhere else may merely push the base of the 
tongue backwards, making matters worse.

If tone is very poor it may be necessary to use one or 
two fi ngers under each side of the lower jaw, at its angle, in 
order to push the jaw forwards and outwards (‘jaw thrust’), 
but this will require a second person to give the infl ation and 
ventilation breaths with the bag- valve-mask. 

Although it is rare for debris to completely block the 
trachea, this should be suspected if an infant tries to breathe 
but remains cyanosed and bradycardic, with laboured 
breathing and marked inter- costal and/or sternal recession. 
This is one of the few situations where tracheal intubation 
can be life- saving at birth. 

Meconium 
It is estimated that around 15% of infants have meconium- 
stained liquor at birth. Meconium aspiration syndrome 
(MAS) can occur in about 1 in 10 such infants. The develop-
ment of MAS is not entirely dependent on suctioning at birth. 
It is possible for infants to aspirate meconium into the large 
airways in utero if there is hypoxia and gasping. However, 
some infants may aspirate meconium during delivery, and 
these are the ones in whom the risk of MAS can be reduced 
by suctioning when the infant’s head is on the perineum.

Studies based on experience from Africa and India 
have shown that suctioning the mouth of infants with 
meconium- stained liquor during birth when the head is at 

the perineum has dramatically reduced the incidence of 
meconium aspiration syndrome (MAS) and death. There 
is subsequently no need for further suctioning after birth if 
the infant breathes well.

What to do if the trachea appears to be 
blocked
If the infant is born through meconium and is unrespon-
sive (or ‘not vigorous’) at birth, the oropharynx should be 
inspected and cleared of meconium. If intubation skills are 
available, the larynx and trachea should also be cleared 
under direct vision. If meconium has entered the trachea, 
resuscitation here is only possible if the accumulated debris 
can be immediately removed. The easiest way to do this is 
to pass an endotracheal tube and then remove the debris 
by direct suction to the endotracheal tube. Sometimes 
the meconium debris is so large that it cannot be sucked 
through the tube. The tube can then be removed and 
replaced with a clean tube to clear the remaining obstructive 
material. Suction may also make it easier to see the larynx 
during intubation. Giving mask ventilation for the infant who 
is not breathing before the meconium has been cleared 
(as above) may force the meconium deeper into the lungs. 

Breathing
 O If the infant is not breathing adequately give fi ve infl a-

tion breaths as soon as possible (unless the baby is 
very preterm, in which case such breaths may injure 
immature lungs: give ordinary ventilation breaths in this 
situation). Until now the infant’s lungs will have been 
fi lled with fl uid. Aeration of the lungs in these circum-
stances is best with slow infl ations at pressures of about 
30 cmH2O with the bag and mask; these are called ‘infl a-
tion breaths’. These initial ventilation breaths should last 
2–3 seconds each. The aim is to mimic the initial breaths 
taken by a normal infant to open the airways, remove 
lung fl uid and achieve its functional residual capacity. 

 O If the heart rate was below 100 beats/minute initially then 
it should rapidly increase as oxygenated blood reaches 
the heart. If the heart rate does increase then you can 
assume that you have successfully aerated the lungs 
and there is adequate tissue oxygenation. If the heart 
rate increases but the infant does not start breathing, 
then continue to provide regular ventilation breaths at 
a rate of about 30–40 breaths/minute until the infant 
starts to breathe.

 O The chest may not move during the first one or two 
breaths as fluid is displaced. Adequate ventilation is 
usually indicated by either a rapidly increasing heart 
rate or a heart rate that is maintained at more than 100 
beats/minute. Therefore reassess the heart rate after 
delivery of the fi rst fi ve breaths. It is safe to assume that 
the chest has been inflated successfully if the heart 
rate improves. Once the chest has been seen to move 
and the heart rate has increased, ventilation should be 
continued at a rate of 30–40 breaths/minute. Continue 
ventilatory support until regular breathing is established. 

 O If the heart rate does not increase following infl ation 
breaths, then either you have not aerated the lungs or 
the infant needs more than lung aeration alone. By far the 
most likely possibility is that you have failed to aerate the 
lungs effectively. If the heart rate does not increase, and 
the chest does not passively move with each infl ation 
breath, then you have not aerated the lungs.

FIGURE 3.2.2 Chin lift in a newborn.

FIGURE 3.2.3 Jaw thrust in a newborn. Note that the operator’s 
thumbs are in a position to hold a mask in place.
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Under these circumstances consider the following:
 — Are the infant’s head and neck in the neutral position?
 — Do you need jaw thrust?
 — Do you need a second person’s help with the airway 
or to squeeze the bag? A relative or ward orderly can 
be shown immediately how to effectively squeeze the 
self- infl ating bag while you ensure that the mask is 
held fi rmly and in the best position on the face over 
the mouth and nose with the airway open.

 — Is there an obstruction in the oropharynx (laryngo-
scope and suction under direct vision)?

Bag- and- mask infl ation of the lung
Having positioned the infant correctly it is then usually 
quite easy to use a self- infl ating bag and mask to provide 
infl ations.

Remember that the infant cannot breathe through the 
bag- valve- mask system, so do not leave the mask sealed to 
the face and expect the infant to breathe from the bag. The 
valve between the bag and the mask prevents this. When the 
infant is breathing, remove the mask and watch closely to 
ensure that adequate breathing continues. 

Most infants will respond to bag- and- mask ventilation 
by gasping and then starting to breathe on their own with-
out further support. If this does not happen, it is still easy 
to confi rm that lung aeration has been achieved, because 
the heart rate will rise reliably and consistently above 100 
beats/minute. If lung aeration has been achieved and the 
infant still has a slow heart rate, proceed to support the 
circulation (C). If oxygen is available, applying this through 
the bag and mask may also help.

It is essential that the skills of correct bag- and- mask 
ventilation are taught to all healthcare workers who con-
duct deliveries. This is best done on a mannequin. Correct 
bag- and- mask ventilation is the single most important skill 
needed to provide active resuscitation.

There is good evidence that most infants can be resusci-
tated using mask resuscitation without any need for tracheal 
intubation. However, in certain situations (e.g. infants less 
than 1000 g not responding to infl ation, prolonged bag- 
and- mask ventilation with no spontaneous breathing, etc.) 
infants require early intubation, so the equipment and the 
skill to intubate should be available.

Deciding whether to use air or 100% oxygen for 
resuscitation of the newborn
Concern about the possible injurious effects of excess 
oxygen, particularly in preterm infants, and the apparent 
effectiveness of air in a number of randomised controlled 
human studies of resuscitation at birth, have resulted in a 
change in guidelines.

There is evidence to suggest that air is safer for initial 
resuscitation. However, where possible, it is recommended 
that additional oxygen should be available for use if there is 
not a rapid improvement in the infant’s condition. Equally, 
hyperoxia should be avoided, especially in the preterm 
infant. If a pulse oximeter is available this can be done. Try 
to keep the SaO2 between 88% and 95%.

When to cut and clamp the cord in an infant who needs 
resuscitation at birth
There are advantages to delaying clamping of the cord for 
2 minutes after birth to allow placental transfer of blood to 
the infant (see above). However, it is important to ensure 

that by doing this there is no harm to the mother (e.g. if 
she needs resuscitation) or to the infant (e.g. if they require 
resuscitation). Usually the umbilical cord is clamped and 
cut immediately if the infant needs to be moved for active 
resuscitation.

Mouth- to- mouth resuscitation
Most current guidelines on neonatal care steer clear of 
discussing the role of mouth- to- mouth resuscitation. The 
risk of HIV infection or hepatitis has further fuelled that 
reluctance. However, there is no doubt that this can be a 
very effective way of reviving an apparently lifeless infant 
in the absence of equipment. Remember the following:

 O Keep the upper airway open by optimising the position 
of the head and jaw as described above.

 O Cover the infant’s nose and mouth with your mouth (or 
cover the mouth of a big infant and just pinch the nose).

 O Use the pressure you can generate with your cheeks, and 
try to aerate the lung by slow infl ations for 2–3 seconds.

 O Only use as much air for each breath as you can keep 
in your cheeks (i.e. do not ‘blow’ air into the infant, but 
just small puffs).

 O Watch for chest movement, and allow time for lung 
recoil. 

 O Once the chest starts to move, sustain what has been 
achieved with 20–25 artifi cial breaths/minute.

Checking progress before moving on
 O If the heart rate has not risen to over 100 beats/minute 

after the fi ve initial breaths or within 30 seconds of ade-
quate ventilation, something is wrong. The most likely 
problem is that you have not successfully ventilated the 
infant. Never move on to deal with the issues covered 
under letter C of the resuscitation alphabet until you are 
quite sure you have achieved objectives A and B. To do 
so is quite futile. Chest compression will never restore 
the circulation until the blood being massaged from the 
lung to the heart contains oxygen. 

 O Look to see whether the chest moves each time you 
apply mask pressure. Movement should not be diffi cult 
to see once the fi rst few breaths have aerated the lungs. 
It is usually easier to judge success with your eyes than 
with a stethoscope. In a newborn, breath sounds can 
be heard when only the airway is being aerated, so are 
not a good way to judge ventilatory success.

 O Check that the infant’s head is well positioned. Check 
chin support and jaw thrust, and that the mask is cor-
rectly applied with no air leaks. Ask a second person to 
help you position the infant optimally and provide infl a-
tions by squeezing the bag while you hold the airway 
open and the mask in place.

 O Few infants need support with their breathing once their 
lungs have been aerated. Most will gasp, cry or breathe 
just as soon as an attempt is made to get air into the 
lungs, and then continue breathing adequately.

 — However, a few may benefi t from further support if 
they do not start to breathe regularly, or only gasp 
occasionally. Some may have suffered severe hypoxia 
in utero, and a few may be drowsy because of drugs 
given to the mother during labour. Check that the 
heart rate remains normal (above 100 beats/minute) 
and that there is no central cyanosis (best judged by 
looking at the colour of the tongue).

 — Try to assess whether there is hypoxemia (cyanosis 
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or SaO2 less than 90% with a pulse oximeter), if the 
infant’s breathing remains laboured and irregular or if 
the child’s colour remains blue. Give oxygen then if it 
is available, preferably with SaO2 monitoring. Hyaline 
membrane disease, meconium aspiration syndrome, 
pneumonia or transient tachypnoea of the newborn 
are most likely.

Other possibilities include:
 — intra- partum pneumonia (common)
 — diaphragmatic hernia 
 — pneumothorax 
 — pulmonary hypoplasia (possibly associated with a 
skeletal or renal abnormality) 

 — cyanotic congenital heart disease (although this usu-
ally takes a little time to appear)

 — persistent fetal circulation.
 O If breathing requires continuous support it is important to 

try and reduce mask infl ation pressures to little more than 
half of what was needed to aerate the lung in the fi rst 
place. It is easy to over- ventilate an infant with healthy 
lungs and to wash out so much of the carbon dioxide 
that normally provides the main stimulus to breathing 
that all such activity stops for a while. There is also 
increasing evidence that sustained over- ventilation can 
seriously reduce cerebral blood fl ow.

Endotracheal intubation
As discussed earlier, most infants who need resuscitation 
can be managed with bag- valve- mask intubation. However, 
occasionally endotracheal intubation is required, but this 
must be done by someone skilled and practised in the 
technique. It is most likely to be required for prolonged 
resuscitation, in meconium aspiration, and in preterm 
infants with surfactant defi ciency. A straight- bladed laryn-
goscope is preferred, and tube sizes are around 3.5 mm for 
a term infant and 2.5 mm for a preterm infant. Sizes larger 
and smaller than these should be available.

Preterm infants 
 O Infants with surfactant defi ciency may have diffi culty 

in expanding their lungs, and in developing a normal 
functional residual capacity at birth.

 O However, the preterm lung is quite a delicate structure 
with relatively little elastic support, and any use of undue 
pressure or excessive ventilation during resuscitation 
can damage the lungs. 

While an inspiratory pressure of 30 cmH2O may well be 
necessary to begin aerating the lungs at birth, the pres-
sure should be reduced as rapidly as possible to a level 
that ensures that the chest is moving adequately. The key 
aim must be to conserve such surfactant as already exists 
by sustaining the lung’s functional residual capacity (an 
objective best achieved by providing at least 5 cmH2O of 
positive end- expiratory pressure (PEEP). Aim to achieve this 
consistently throughout transfer to the nursery. This can be 
achieved using nasal prongs (nasal PEEP), thus avoiding 
tracheal intubation altogether (see Section 8.2).

Circulation: chest compressions
 O Most infants needing help at birth will respond to 

successful lung infl ation with an increase in heart rate fol-
lowed quickly by normal breathing. Chest compression 

should be started only when you are sure that the lungs 
are being aerated successfully.

 O If the heart rate remains very slow (less than 60 beats/
minute) or absent following 60 seconds of ventilation 
with good chest movements, start chest compressions. 

 O In infants, the most effi cient method of delivering chest 
compressions is to grip the chest in both hands in such 
a way that the two thumbs can press on the lower third 
of the sternum, just below an imaginary line joining the 
nipples, with the fi ngers over the spine at the back. This 
can only be done if there is a second operator ventilating 
the lungs (see Figure 3.2.4).

 O If you are alone, the two- thumb method is not possible, 
as ventilations also need to be provided. In this situa-
tion, use the fi rst two fi ngers of one hand to depress 
the lower sternum, while the other hand holds the 
mask in place. Then move the hand from the sternum 
to squeeze the bag.

 O Compress the chest quickly and firmly, reducing 
the antero- posterior diameter of the chest by about 
one- third.

 O Because oxygenation is such an important part of 
neonatal resuscitation, the recommended ratio of 
compressions to infl ations in newborn resuscita-
tion is 3:1. 

 O Chest compressions move oxygenated blood from the 
lungs back to the heart and out into the ascending aorta. 
From there the two coronary arteries will then quickly 
deliver oxygen to the failing anoxic heart muscle. It is 
important to allow enough time during the relaxation 
phase of each compression cycle for the heart to refi ll 
with blood, at the same time ensuring that the chest is 
infl ating with each breath.

FIGURE 3.2.4 Two-thumb compression of the chest, with a 
second operator ventilating the lungs, here using a T-piece as an 
alternative to bag and mask.

 O The rate of chest compressions is around 120/minute. 
However, with pauses for ventilation, the actual number 
of compressions is less than 120/minute. 

Drugs
Rarely infl ation of the lungs and effective chest compression 
will not be suffi cient to produce adequate circulation and 
perfusion in infants. In these circumstances, drugs may 
be helpful. However, drugs are needed only if there is no 
signifi cant cardiac output despite effective lung infl ation and 
chest compression.

Very few drugs have proved to be of benefi t in such cir-
cumstances. The drugs used are adrenaline (1:10 000) and 
dextrose (10%). Drugs are best delivered via an umbilical 
venous catheter. In those where IV access is not possible, 
the intra- osseous route may be used. Each injection of a 
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drug should be followed with a bolus of 2–3 mL of Ringer- 
lactate or Hartmann’s solution. Unfortunately, most of the 
infants in whom cardiac output only returns after such treat-
ment require specialist neonatal care (often with mechanical 
ventilation) and do not survive to discharge. Most of those 
who do survive later develop profound disabling spastic 
quadriplegia.

Where the cause of the child’s terminal apnoea is a 
sudden and much more abrupt hypoxic event (such as 
shoulder dystocia or an occasional case of late cord pro-
lapse) these reservations may be less valid. Here there is 
at least anecdotal evidence that the outlook is much less 
bleak if the circulation can be restarted. 

Acidosis not serious enough to precipitate circulatory 
standstill (asystole) will nearly always correct itself sponta-
neously within 90 minutes once the circulation has been 
restored and the infant starts to breathe for him-  or herself. 
It does not therefore call for sodium bicarbonate, the use 
of which is controversial. Indeed, giving bicarbonate may 
increase carbon dioxide levels, worsening intracellular 
acidosis, and increases the amount of sodium that the 
potentially compromised kidney will need to excrete over 
the next few days.

 O Adrenaline: The recommended dose of adrenaline is 
10 micrograms/kg body weight (0.1 mL/kg body weight 
of 1:10 000 solution). If this is not effective, a dose of 
up to 30 micrograms/kg (0.3 mL/kg body weight of 
1:10 000 solution) may be tried. Ideally, have ready- made 
and well- labelled 1:10 000 adrenaline solutions available 
on all emergency trolleys. In situations where this is not 
available in a ready- made state it could be prepared by 
adding 1 mL of 1:1000 solution to 9 mL of normal saline 
or Ringer- lactate or Hartmann’s solution. It is potentially 
dangerous to leave inadequately labelled and made 
up doses of adrenaline around, as giving the same 
volume of 1:10 000 as 1:1000 solution could cause 
cardiac arrest. Do not use a higher dose by these routes 
(IV) as it is harmful.

 O Glucose: The recommended dose of glucose is 200 mg/
kg (2 mL/kg of 10% dextrose). Higher concentrations or 
larger doses can induce hyperglycaemia, which is asso-
ciated with cerebral oedema and cerebral haemorrhage, 
and may lead to rebound hypoglycaemia. It is known 
that severe hypoglycaemia is rare immediately after 
birth, but tends to present after 1–2 hours. However, 
hypoglycaemia (less than 2.5 mmol/litre (45 mg/dL)) is 
a potential problem for stressed or hypoxic neonates, so 
10% dextrose should be considered in cardiac arrest, 
as the heart will not recover in the presence of hypo-
glycaemia. This should be followed by an infusion of 
5 mL/kg/hour of 10% glucose if there is confi rmation of 
hypoglycaemia by a blood test. This should be continued 
until feeding is well established. Never give any drug 
into the umbilical artery.

 O Naloxone (nalorphine) can be used to reverse pro-
found opiate- induced respiratory depression, but 
has no real role in neonatal resuscitation. If it does 
prove necessary, it is best to give it intramuscularly 
and give a full 200- microgram ‘depot’ dose irrespec-
tive of body weight. If naloxone is given as a single 
dose IV it will be eliminated from the body faster than 
the opioid drug, causing a return of the respiratory 
depression, and therefore the infant will stop breath-
ing again without a naloxone infusion. Naloxone 

does not reverse the respiratory depressing effects of 
non- opiate drugs.

Acute blood loss as a cause of circulatory 
arrest (circulatory volume support)

 O Sudden acute blood loss is a rare, but often unrecog-
nised, cause of acute circulatory collapse. Bleeding 
from an aberrant placental blood vessel (vasa praevia) 
or snapped umbilical cord can rapidly lead to hypovol-
aemic death. The response to a rapid generous infusion 
of any IV fl uid can be equally dramatic. Speed is of 
the essence. Circulatory collapse probably does not 
occur until the infant has lost 30–40 mL/kg of blood, 
but 20 mL/kg of Ringer- lactate or Hartmann’s solution 
will usually reverse the immediate critical hypovolaemia 
rapidly. The initial intravenous fl uid bolus should be 
10 mL/kg of Ringer- lactate or Hartmann’s solution or 
blood group O Rh- negative blood (if immediately 
available). This can be repeated once if there is no 
or only minimal response. A similar response can 
be achieved with plasma, albumin or some artifi cial 
plasma- expanding agent (e.g. gelatin). A packed red cell 
transfusion using group- specifi c or group O Rh- negative 
duly cross- matched blood can be given later to correct 
the associated anaemia.

 O Other less well- recognised causes of hypovolaemic col-
lapse include acute feto–maternal blood loss, sudden 
twin- to- twin transfusion, and accidental incision of the 
placenta during Caesarean delivery and cord ligature 
that has come off and not been detected.

Apart from these specifi c indications, fl uid should not be 
used during neonatal resuscitation. There is no evidence to 
suggest benefi t from routine use, which only compounds 
the problem of fl uid balance that can develop over the next 
2 to 3 days if severe intrapartum stress causes secondary 
renal failure. 

Environment
This is always at risk of being overlooked, but it should 
be the fi rst issue to receive attention in all infants, before 
and at birth. 

 O A clean, warm and well- lit environment for resuscitation 
is the objective in all cases. It only takes a few seconds 
to dry the infant and provide a clean dry blanket for 
warmth. The room in which delivery takes place should 
also be clean, warm and free of draughts. 

 O Small infants in particular rapidly become cold, especially 
if left wet, which can be lethal. Enclosing the trunk and 
the limbs in a clear plastic drape or bag (plus a woollen 
cap if available) can greatly reduce evaporative heat loss. 
Indeed, infants born more than 10 weeks early have 
skin that is so thin that it is not really ‘waterproof’. This 
will cause excessive evaporative heat loss to persist for 
several days after birth.

Family
 O The mother’s needs come fi rst if you are on your own. 

Most infants are quite good at looking after themselves, 
once they are breathing and wrapped. If possible keep 
the infant with the mother.

 O If you are not on your own, things become much easier. 
The ‘ABC’ summary really only comments on the care 
that should be given to the infant. Remember that 
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parents need to be told what is happening. They will 
fear the worst, more so if the infant was only taken away 
from them even for a few minutes at birth for stabilisation 
or resuscitation.

 O If you tell the parents that their infant needed ‘resuscita-
tion’ at delivery, they may well start to think that their 
child was in the process of dying. That might make you 
feel that you have done something useful, and it may 
make the parents very grateful. However, it will also 
make them feel that something must have gone ‘wrong’ 
during delivery, and it may lead them to worry that their 
child could be ‘brain- damaged’ as a result. The words 
that we use matter. Parents can easily read meanings 
into them that we never intended.

 O Write down what you see and do, distinguishing fact 
from opinion and making no assumption as to the 
causation. Use adjectives with great care and do not 
make judgemental comments on the actions of others. 
Document everything.

Poor response to resuscitation
If the infant either fails to respond or shows a poor response 
to resuscitation, the most likely problem is inadequate 
oxygenation. The following steps should be considered:

 O Check the airway and ventilation.

 O Check for technical faults if using equipment. 
 — Is the oxygen attached?
 — Is the airway blocked?
 — Is the endotracheal tube in the correct place?

 O Re- examine the chest to see if a pneumothorax has 
developed. This is not common, but may cause a prob-
lem. Drain a tension pneumothorax with a small cannula 
over needle (21 gauge) in the second intercostal space 
in the mid- clavicular line. This should be followed by the 
insertion of a chest drain (see Section 8.3).

 O Consider the possibility of a congenital heart lesion if the 
infant remains cyanosed despite breathing and having 
a good heart rate.

 O Consider the possibility of maternal opiates or sedation, 
such as diazepam or phenobarbitone, if the infant is pink, 
well perfused, but requires assisted ventilation.

 O Shock, caused by acute blood loss, should respond 
to a rapid bolus of 10–20 mL/kg of O- negative blood.

 O Consider the possibility of hypoglycaemia.

Stopping resuscitation
Even with the most effective resuscitation, not all infants 
will survive. 

If the infant has been without a cardiac output after 
20 minutes of resuscitation and does not respond despite 

BIRTH

Breathing or crying?

Cut cord
Dry and wrap
Open airway

Clear airway if meconium/blood 
clot

Assess breathing and heart rate

Give 5 inflation breaths
If ineffective, reposition airway

Give 5 inflation breaths

Consider IV/IO adrenaline 10–30 
micrograms/kg

Continue ventilations and 
compressions 3:1

Give effective lung inflations
Give oxygen if there is cyanosis 

Start chest compressions 3:1

Cover/keep warm
Keep lower than placenta 

for 2–3 minutes. then 
clamp and cut cord
DRY/KEEP WARM

Reassess 
Give to mother

Yes

Reassess every 1 minute and 
if heart rate is very slow (< 60)

Not breathing

Not breathing

Not breathing and heart 
rate very slow  < 60

Continue lung 
inflations 30–

40/minute until there 
is effective breathing

Continue lung 
inflations only until 
there is effective 

breathing

Heart rate fast 
> 100

Gasping

Gasping or heart 
rate < 100

Heart rate fast 
> 100

NOTES
The number of heart beats/
minute does not have to be 
exact

The health worker should 
identify the rate as being 
FAST (> 100), SLOW (< 100) 
or VERY SLOW (< 60 or 
undetectable)

The healthy neonate has a 
rapid heart rate, normally  

If the heart rate is < 100, this 
indicates hypoxia
  
If the heart rate is < 60 or 
undetectable, the baby 
without adequate 
resuscitation is likely to die 
or develop brain injury 

Heart rate slow 
60–100

Heart rate slow 
60–100

> 100

FIGURE 3.2.5 Algorithm for resuscitation of the baby at birth.
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effective ventilations and chest compressions, the outcome 
is unlikely to be altered by the use of drugs, although these 
should be considered. The decision to stop resuscitation 
should be taken by the most senior healthcare worker 
present, and the reason for the decision should be clearly 
documented.

Explain sensitively to the parents that the infant has 
died. The infant should then be handled in accordance 
with cultural preference and practice.

Documentation 
It is important to keep accurate records of the steps 
taken during resuscitation. The reason for any decision 
must be clearly documented, including the decision to 
start and end resuscitation. This is important irrespec-
tive of the immediate outcome of the resuscitation 
effort. As with any documentation, keep to the facts 
and make a complete record of all the steps taken, 
their timing, and the impact that they had on the infant’s 
progress.

Remember to sign and date the record. 

Vitamin K prophylaxis against haemorrhagic 
disease of the newborn
Following resuscitation/stabilisation, all newborn infants 
should receive vitamin K 1 mg IM. Vitamin K is given to 
prevent haemorrhagic disease of the newborn (HDN), which 
may cause signifi cant bleeding and even death. The IM 
route is preferred as it provides a depot over many weeks.

Similarly, neonates requiring surgery, those with birth 
trauma, preterm infants and those exposed in utero to 

maternal medication that is known to interfere with vitamin K 
are at especially high risk of bleeding and must be given 
vitamin K 1 mg IM. This is often forgotten in the rush to get 
the infant to the nursery.

Resuscitation guidelines algorithm
As discussed earlier, all resuscitation guidelines are based 
on the international evidence- based science agreed in 2010 
at the International Liaison Committee on Resuscitation. 
The algorithm shown in Figure 3.2.5 summarises the rec-
ommendations in the text.

Suggested reading
World Health Organization, London School of Hygiene and 

Tropical Medicine, Save the Children et al. (2011) Neonatal 
mortality levels for 193 countries in 2009 with trends since 
1990: a systematic analysis of progress, projections and 
priorities. PLoS Medicine, 8, e1001080.

Darmstadt GL, Lee ACC, Cousens S et al. (2009) 60 Million 
non- facility births: who can deliver in community settings 
to reduce intrapartum deaths? International Journal of 
Gynaecology and Obstetrics, 107, S89–112.

Wall SN, Cousens S, Darmstadt GL et al. (2009) Neonatal 
resuscitation in low- resource settings: what, who and how 
to overcome challenges to scale up? International Journal 
of Gynaecology and Obstetrics, 107 (Suppl. 1), S47.

Lee ACC, Cousens S, Darmstadt GL et al. (2011) Care dur-
ing labor and birth for the prevention of intrapartum- related 
neonatal deaths: a systematic review and Delphi estimation 
of mortality effect. BMC Public Health, 11 (Suppl. 3), S10.

Aschner JL et al. (2008) Sodium bicarbonate: basically useless 
therapy. Pediatrics, 122, 831.

3.3 Clinical care of the infant in the early months 
of life

Prematurity and low birth weight
 O A low- birth- weight infant is one weighing less than 

2.5 kg at birth. Low birth weight may be attributable to 
preterm delivery or intrauterine growth restriction.

 O A preterm infant is one born before 37 completed 
weeks have elapsed since the fi rst day of the last men-
strual period (259 days). Most preterm infants are born 
after 32 weeks’ gestation.

 O A small- for- gestational age (SGA) infant is one whose 
birth weight falls below the 10th percentile on a birth 
weight centile chart. 

Probably at least 25% of SGA infants are just con-
stitutionally small by virtue of maternal weight, and 
not secondary to poor placental perfusion. The 
mean birth weight of infants born to mothers 4 feet 
10 inches (147 cm) tall is about 500 grams less 
than that of infants born to mothers 6 foot 0 inches 
(183 cm) tall. This discrepancy increases to about 

1 kg if extremes of mid- pregnancy weight are also 
taken into account.

 O Intrauterine growth restriction (IUGR) refers to a slow-
ing of fetal growth velocity. Most but not all IUGR infants 
are SGA at birth. Some IUGR infants are just wasted.

 O A large- for- gestational age (LGA) infant is one whose 
birth weight is greater than the 90th percentile on a birth 
weight centile chart.

For most clinical purposes it is suffi cient to classify 
infants as ‘low birth weight’, ‘preterm’ or ‘small- for- 
gestational age’.

Assessing gestational age
Sometimes a mother cannot recall the date of her last 
menstrual period. The infant’s gestational age can then 
be assessed to within ± 2 weeks based on a combined 
physical and neurological score (see Table 3.3.1). Wasted 
infants underscore on physical criteria.
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TABLE 3.3.1 Ballard’s scoring system for gestational assessment

Sign Physical criteria score Sign 
score

–1 0 1 2 3 4 5

Skin Sticky, friable, 
transparent

Gelatinous, red, 
translucent 

Smooth, pink, 
visible veins

Superfi cial 
peeling and/or 
rash, few veins

Cracking, pale 
areas, rare 
veins

Parchment, 
deep cracking, 
no vessels

Leathery, 
cracked, 
wrinkled

Lanugo None Sparse Abundant Thinning Bald areas Mostly bald

Plantar 
surface

Heel–toe 
40–50 mm: –1 
< 40 mm: –2

> 50 mm no 
crease

Faint red 
marks

Anterior 
transverse 
crease only

Creases 
anterior 
two- thirds

Creases over 
entire sole

Breast Imperceptible Barely 
perceptible

Flat areola, no 
bud

Stippled areola, 
1–2 mm bud

Raised areola, 
3–4 mm bud

Full areola, 
5–10 mm bud

Eye/ear Lids fused 
loosely: –1 
tightly: –2

Lids open, 
pinna fl at, stays 
folded

Slightly curved 
pinna; soft; 
slow recoil

Well- curved 
pinna; soft but 
ready recoil

Formed and 
fi rm; instant 
recoil

Thick 
cartilage, ear 
stiff

Genitals 
(male)

Scrotum fl at, 
smooth

Scrotum empty, 
faint rugae

Testes in 
upper canal, 
rare rugae

Testes 
descending, 
few rugae

Testes down, 
good rugae

Testes 
pendulous, 
deep rugae

Genitals 
(female)

Clitoris 
prominent and 
labia fl at

Prominent 
clitoris and 
small labia 
minora

Prominent 
clitoris and 
enlarging labia 
minora

Labia majora 
and minora 
equally 
prominent

Labia majora 
large, labia 
minora small

Labia majora 
cover clitoris 
and labia 
minora

Total physical maturity score

Sign Neurological criteria score Sign 
score

–1 0 1 2 3 4 5

Posture

Square 
window

Arm 
recoil

Popliteal 
angle

Scarf 
sign

Heel to 
ear

Total neuromuscular score

Notes on calculating the scores:
Posture: With the infant supine and quiet, score as 

follows: 
 O Arms and legs extended = 0 
 O Slight or moderate fl exion of hips and knees = 1 
 O Moderate to strong fl exion of hips and knees = 2 
 O Legs fl exed and abducted, arms slightly fl exed = 3 
 O Full fl exion of arms and legs = 4. 

Square window: Flex the hand at the wrist. Exert pressure 

suffi cient to get as much fl exion as possible. The angle 
between the thumb and the anterior aspect of the forearm 
is measured and scored:

 O > 90° = –1
 O 90° = 0
 O 60° = 1
 O 45° = 2
 O 30° = 3
 O 0° = 4. 
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Arm recoil: With the infant supine, fully fl ex the forearm 
for 5 seconds, then fully extend by pulling the hands and 
release. Score the reaction: 

 O Remains extended 180°, or random movements = 0 
 O Minimal fl exion, 140–180° = 1 
 O Small amount of fl exion, 110–140° = 2 
 O Moderate fl exion, 90–100° = 3 
 O Brisk return to full fl exion, < 90° = 4. 

Popliteal angle: With the infant supine and the pelvis fl at 
on the examining surface, the leg is fl exed on the thigh and 
the thigh is fully fl exed with the use of one hand. With the 
other hand the leg is then extended and the angled scored:

 O 180º = –1
 O 160º = 0
 O 140º = 1
 O 120º = 2
 O 100º = 3
 O 90º = 4
 O < 90º = 5. 

Scarf sign: With the infant supine, take the infant’s hand 
and draw it across the neck and as far across the opposite 
shoulder as possible. Assistance to the elbow is permis-
sible by lifting it across the body. Score according to the 
location of the elbow: 

 O Elbow reaches or nears level of opposite shoulder = –1 
 O Elbow crosses opposite anterior axillary line = 0 
 O Elbow reaches opposite anterior axillary line = 1 
 O Elbow reaches midline = 2 
 O Elbow does not reach midline = 3 
 O Elbow does not cross proximate axillary line = 4. 

Heel to ear: With the infant supine, hold the infant’s foot 
with one hand and move it as near to the head as possible 
without forcing it. Keep the pelvis fl at on the examining 
surface. Score as shown in Table 3.3.1 above. 

After assigning the score for the physical and neuro-
logical criteria, the sum of the two scores is then used to 
assess the gestation based on Table 3.3.2.

TABLE 3.3.2 Assessment of gestation from total score 

Total score Gestational age (weeks) 

–10 20 

–5 22 

0 24 

5 26 

10 28 

15 30 

20 32 

25 34 

30 36 

35 38 

40 40 

45 42 

50 44 

Low birth weight and/or preterm 
infants 
Infants with birth weight in the range 2.25–2.5 kg 

 O These infants are normally strong enough to start feed-
ing themselves. They need to be kept warm and closely 
observed for infection, but otherwise no special care 
is required.

Infants with birth weight in the range 1.75–2.25 kg
 O These infants sometimes need extra care, but can 

normally stay with their mothers to receive feeding 
and warmth, especially if skin- to skin contact can be 
maintained. Close monitoring by a healthcare worker 
is required.

 O Feeds can be started within 1 hour of delivery. Many of 
these infants will be able to suck and can be breast-
fed. Those who cannot breastfeed should be given 
expressed breast milk with a cup. When the infant is 
sucking well from the breast and gaining weight on a 
daily basis, they can be weaned off cup feeds.

 O These infants should be reviewed at least twice a day to 
assess their feeding ability, fl uid intake and the presence 
of any danger signs (see Box 3.3.1 below), including 
signs of serious bacterial infection. Such problems will 
necessitate close monitoring in a neonatal nursery (if 
available) in a similar way to the very low birth weight. The 
risk of keeping the child in hospital (including hospital- 
acquired infections) should be considered.

Infants with birth weight below 1.75 kg
 O These infants are at risk of hypothermia, apnoea, 

hypoxaemia, sepsis, feed intolerance and necrotising 
enterocolitis. The smaller the infant, the greater these 
risks. All infants with a birth weight below 1.75 kg should 
be admitted to a special care or neonatal intensive care 
unit (if available).

Other treatments for low- birth- weight and/
or preterm infants
Oxygen
Oxygen should be administered via nasal cannulae, nasal 
prongs or a head box if there are signs of respiratory 
distress, such as moderate to severe recession (preterm 
infants may show mild recession with normal breathing), 
and defi nitely in the presence of cyanosis. Pulse oximetry to 
measure oxygen saturation is a vital part of oxygen usage in 
the preterm infant. Retinopathy of prematurity (ROP), previ-
ously known as retrolental fi broplasia, which leads to lifelong 
blindness in many cases, is caused by high blood levels of 
oxygen saturation in the preterm infant. There is no good 
evidence for the optimum oxygen saturation for preterm 
infants. On the one hand it is important to avoid hypoxia, 
which would lead to brain damage, as the infant is likely to 
have respiratory problems from surfactant defi ciency, and 
on the other hand unrestricted oxygen may cause ROP, 
which would lead to blindness. Current advice is that the 
infant born at or before 32 weeks’ gestation or weighing 
less than 1500 grams at birth should have a target oxygen 
saturation of 86–92%, which is higher than the oxygen 
saturation to which the fetus is exposed in utero.

Prevention of hypothermia
To prevent hypothermia, nurse the infant in skin- to- skin 
contact between the mother’s breasts (‘kangaroo care’) 
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or clothed in a warm room, or in an incubator. A hot water 
bottle wrapped in a towel can be useful for keeping the 
infant warm if no power for heating is available, but take 
care not to burn the infant. Aim for an axillary temperature 
of 36.0–36.5°C, with the feet warm and pink. When the 
mother is asleep or if she is ill, a clean incubator can be 
used. Incubators should be washed with disinfectant 
between infants, and should be of a basic design that can 
be used appropriately by the staff available. 

Fluids
It is best to give fl uids enterally. However, if the infant is 
not well enough (e.g. due to severe respiratory distress), 
give IV fl uids (see Section 3.4). Initially, consider giving 
approximately 2–4 mL of expressed breast milk every 1 to 
2 hours through a nasogastric tube. This can be adjusted 
depending on the weight and the amount of IV fl uids that the 
infant is receiving. With increasing age and weight gradually 
increase the volume and timing of each feed (the maximum 
time interval between feeds should not exceed 4 hours). The 
total fl uid intake of enteral feeds plus IV fl uids per 24 hours 
should adhere to the following fl uid management guidelines: 

 O 60 mL/kg on day 1
 O 80–90 mL/kg on day 2
 O 100–120 mL/kg on day 3
 O 120–150 mL/kg on day 4
 O 150–180 mL/kg thereafter.

Some infants can be fed with a cup. Use only expressed 
breast milk if possible. If 2–4 mL per feed is tolerated (i.e. 
there is no vomiting, abdominal distension, or gastric 

aspirates of more than half the feed) the volume can be 
increased by 1–2 mL per feed each day. Ideally, aim to have 
feeding established in the fi rst 5 to 7 days so that the IV 
fl uids can be tapered off. Reduce or withhold feeds if signs 
of poor tolerance occur. As the infant grows, recalculate 
the feed volume based on the higher weight. Feeds may 
be increased over the fi rst 2 weeks of life to 150–180 mL/
kg/day based on a 3-  to 4- hourly feeding pattern. 

How to give gastric feeds (see also 
Section 8.5 on gastric tube management)
Place the baby’s lips on the breast even though he or she is 
unable to suck or attach before each feed. Place expressed 
breast milk (EBM) in the syringe. Only use fresh milk or milk 
that has been stored in a refrigerator, and that has not been 
out of the fridge for more than 1 hour in a hot climate. Check 
that the tube is in the stomach before every feed or admin-
istration of enterally given drugs. Also check that there is 
not more than 10% of the previous feed in the stomach by 
gentle aspiration using a 2-  or 5- mL syringe. Connect the 
syringe containing EBM and remove the plunger, giving the 
milk by gravity over 10–15 minutes per feed. Only if the feed 
does not fl ow in should you gently push with the plunger for 
a few seconds only to get it started. Never push the whole 
feed in. Observe the infant closely during the feed for signs 
of respiratory distress that might be due to lung aspiration. 
Replace the tube every 7 days, or sooner if it is blocked. 

Give enteral feeds only if there is no abdominal disten-
sion or tenderness, bowel sounds are present, meconium 
has been passed, and there is no apnoea, low aspirates, 
no vomiting and adequate stool output.

TABLE 3.3.3 Guide to volumes of each feed given every 3–4 hours at different infant weights

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

Total (mL/kg/day) 60 80 100 120 140 150 160 170

1.25–1.4 kg 10 15 18 20 22 24 25 *26

1.5–1.9 kg 15 17 19 21 23 25 27 *27

2.0–2.4 kg 20 22 25 27 30 32 35 *35

*2.5 kg 25 28 30 35 35 *40 *45 *50

Blood glucose levels
Check blood glucose levels every 6 hours until enteral feeds 
are established, and immediately if there are any danger 
signs of infection.

Infection or feed intolerance
Observe carefully and constantly for infection or feed 
intolerance.

Apnoea
Monitor for apnoea, ideally with a pulse oximeter (which 
are now affordable and available in many resource- limited 
countries), supplemented by close visual monitoring of the 
infant by the mother or a close relative.

Discharge and follow- up of low- birth- weight 
infants
Discharge when:

 O there are no danger signs (see Box 3.3.1), including 
signs of serious infection

 O the infant is gaining weight (at least 20 grams per day 
for 3 consecutive days) on breastfeeding alone 

BOX 3.3.1 Danger signs associated with 
infection in the neonate
Common danger signs

 Q Infant feeding less well than before.
 Q Infant lying quietly and making few spontaneous 

movements.
 Q Hypothermia or fever > 38ºC.
 Q Capillary refi ll time > 3 seconds.
 Q Respiratory rate * 60 breaths/minute.
 Q Indrawing of the lower chest wall when breathing, or 

grunting.
 Q Cyanosis.
 Q History of a convulsion.

Less common but important signs
 Q Low respiratory rate (< 20 breaths/minute) or apnoea.
 Q Jaundice.
 Q Abdominal distension.
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 O the infant is able to maintain temperature in the normal 
range (36–36.5°C axillary) in an open cot or with skin- 
to- skin care

 O the mother is confi dent and able to take care of the 
infant.

Low-birth-weight infants should be given all scheduled 
immunisations by the time of discharge from the health 
facility or soon after. 

Counsel the parents before discharge on:
 O exclusive breastfeeding
 O keeping the infant warm
 O the danger signs that necessitate seeking care (see 

Table 3.3.4), plus advice on when to return for healthcare 
 O basic life- saving manoeuvres to use in the event of 

an emergency, particularly mouth- to- mouth and nose 
ventilation if prolonged apnoea occurs.

Low- birth- weight infants should be followed up at 
regular intervals following discharge for weighing, 
assessment of feeding, and assessment of general 
health until they have reached 2.5 kg in weight.

TABLE 3.3.4 Danger signs for parents of discharged newborns

Seek advice immediately if 
any of the following occur:

Seek advice very quickly if 
any of the following occur:

Convulsion(s)

ANY bleeding

Severe diarrhoea or vomiting

Infant appears unresponsive

Severe breathing problems

Infant feels cold

Infant refuses feeds

Minor diarrhoea or vomiting

Minor breathing problems

Infant is less active/interested

Infant feels abnormally hot 

Jaundice

Enteral feeding for the newborn infant 
in hospital
Type of milk
Breast milk will provide the nutrients required by almost all 
infants. However, for preterm infants the following supple-
ments are needed:

Vitamin D supplementation
Term breastfed infants generally do not need extra vita-
min D. However, this is only true if the mother has an 
adequate vitamin D status. Maternal vitamin D defi ciency 
during pregnancy and lactation is common in resource- 
limited countries, contributing to the low vitamin D content 
of breast milk. Newborn infants of mothers who have dark 
skin or wear concealing clothes are also at greater risk of 
vitamin D defi ciency at birth.

Large amounts of calcium and phosphorus are trans-
ferred from the mother to the infant during the last 3 months 
of pregnancy, helping the infant’s bones to grow. Therefore a 
preterm infant may not receive suffi cient amounts of calcium 
and phosphorus for this purpose. Vitamin D helps the body 
to absorb calcium from the intestines and kidneys. Very 
preterm infants require adequate vitamin D supplements. 
Liver problems such as cholestasis and prolonged use of 
diuretics or steroids may also cause problems with blood 
calcium levels.

Therefore, without further supplementation, preterm 
and also some full- term breastfed infants may be at risk 

of vitamin D defi ciency. This risk may be minimised either 
by supplementing the mother with large amounts of vita-
min D (4000 IU/day) during pregnancy and lactation, or by 
supplementing the infant directly (400 IU/day) during the 
period of lactation. 

Phosphorus supplements
These may be needed in the case of very small infants, 
who can become hypophosphataemic (i.e. with plasma 
phosphorus levels of < 1.5 mmol/litre). If untreated, this may 
result in metabolic bone disease. The addition of a con-
centrated phosphorus salt (50 mg/kg/day of phosphorus) 
to feeds will prevent this. Adding 0.05 mL/kg of a 4 mmol/
mL phosphorus solution to each of eight feeds per day will 
give 50 mg/kg/day of supplemental dietary phosphorus.

Vitamin A supplementation
In resource- limited countries, vitamin A supplementation of 
the newborn infant reduces mortality. Preterm infants are at 
high risk of vitamin A defi ciency. This important subgroup 
of our infant population is not only born with inadequate 
body stores of vitamin A, but is also often unable to tolerate 
routine oral supplementation. Vitamin A supplementation 
programmes signifi cantly reduce infant mortality as well 
as the incidence of xerophthalmia, respiratory infection, 
and morbidity from gastrointestinal disease. Oral supple-
mentation of 4000 IU/kg/day has been recommended for 
very- low- birth- weight (VLBW) (< 1500 grams at birth) infants 
from establishment of full enteral feeding until discharge 
from the neonatal unit. Supplementing term newborn 
infants with vitamin A (100 000 IU as a single dose) within 
48 hours of birth reduces infant mortality by almost 25%, 
with those of low birth weight deriving the greatest benefi t. 
Alternatively, a single dose of 200 000 units can be given 
to all postpartum mothers within 6 weeks of delivery, 
when the likelihood of pregnancy is very low, and when 
infants benefi t most from the presence of vitamin A in 
breast milk.

Vitamin K
All neonates should be given vitamin K 1 mg IM within 
1 hour of birth. Those who require surgery, those with 
birth trauma, those who are preterm and those exposed 
before birth to maternal medication (that can interfere 
with vitamin K) are at high risk of bleeding and must be 
given vitamin K. If the need for surgery only becomes 
apparent some time after birth, we suggest that a repeat 
dose should be given before surgery.

Multivitamin preparation 
A multivitamin preparation (preferably containing adequate 
vitamins A and D) for preterm infants may be commenced 
from 3 weeks of age. A supply of vitamin D (400 IU/day) is 
particularly important for bone mineralisation.

Iron supplements
Iron supplements for preterm infants are usually com-
menced from about 6 weeks of age. Preterm infants have 
reduced iron stores compared with term infants, especially 
if the umbilical cord is clamped early. The daily dietary iron 
supplementation is 2–4 mg/kg of elemental iron, up to a 
maximum of 16 mg/day.
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Breast milk banking
The WHO recommends that low- birth- weight babies who 
cannot be fed their own mother’s breast milk should receive 
donor milk. The high maternal mortality and morbidity in 
low- income countries mean that there are many infants 
who cannot be put to the breast within a few hours of birth, 
and donor milk is suitable for them. In addition, there is 
evidence that human donor milk reduces the incidence of 
severe infection and necrotising enterocolitis (NEC) in low- 
birth- weight babies, compared with formula milk.

It is possible to establish safe donor milk banks in 
resource- limited settings, provided that there is a micro-
biology laboratory able to process donor samples, and a 
power supply to keep the banked milk frozen. A nurse or 
other staff member must be trained in good hand hygiene, 
and the importance of labelling and storage. Only simple 
equipment is needed.

Milk can be collected from lactating mothers who are 
known to have tested negative to HIV and syphilis, and 
are non- smokers. Ideally they have also been screened for 
hepatitis infections. Milk is collected by hand expression 
under supervision (as ‘drip milk’ is lower in calories than 
expressed milk). A 1- mL aliquot from each donor’s sample 
is sent to the microbiology lab. If colony- forming organisms 
are grown, the whole sample is discarded. Milk can be stored 
in a refrigerator while awaiting the microbiology results.

Milk is pasteurised by heating for 30 minutes at 62.5°C, 
and then cooled and frozen. Pasteurised frozen milk can 
be stored for up to 6 months from the date of collection. 
Supplementary formula feeding for the infants of mothers 
who cannot provide breast milk, or whose mothers have 
died, may be needed after discussion with the infant’s 
carers.

Fluid and electrolyte management for 
the neonate in hospital
When giving fl uid or blood intravenously, best practice 
is to use an in- line infusion chamber/burette to avoid 
fl uid overload. 

Fluid requirements
Body water content is high at birth and urine output is low 
for the fi rst few days. Therefore giving large volumes of fl uid 
in the fi rst few days may make an infant oedematous and 
worsen any respiratory disease. A simple general rule is 
to start an ill newborn infant who cannot take enteral fl uids 
(breast milk) on 60 mL/kg/day IV as 10% dextrose solution, 
increasing in daily steps of 20–30 mL/kg/day to a maximum 
of 140–180 mL/kg/day. However, in a small- for- gestational- 
age infant it may be necessary to begin with 70–90 mL/kg/
day in order to meet the glucose requirements. 

Ideally, use a 100- mL paediatric intravenous burette 
where 60 drops = 1 mL and therefore 1 drop/minute = 
1 mL/hour.

So for an infant weighing 1.8 kg on day 1: 1.8 × 60 
= 108 mL.

In each hour the fl uid will be 108 ÷ 24 = 4.5 mL, which 
corresponds to 9 drops every 2 minutes.

The rate of insensible water loss (mainly through the 
skin) is high in some circumstances, particularly in infants 
under 29 weeks’ gestation or when an overhead heater 
(radiant warmer) rather than an incubator is used. Helpful 

measures for reducing insensible water loss in such cases 
include the following:

 O Place the infant from below the neck in a clean plastic 
bag to maintain humidity. Maintaining humidity helps to 
keep very premature infants warm by reducing evapora-
tive heat loss.

 O Clothe the infant, or wrap the body below the head with 
bubble wrap or aluminium kitchen foil (with the shiny side 
facing inward towards the infant).

 O When an overhead heater is used, the infant should not 
be covered, and the heater output must be adjusted in 
direct response to the infant’s skin temperature (typically 
achieved by a continuous temperature probe servo 
system). Alternatively, a plastic bag over the infant’s 
body from the neck down can help to preserve heat.

 O In the fi rst week of life, high rates of insensible water loss 
will be refl ected by high rates of weight loss (more than 
10% of birth weight), and often an increase in the plasma 
sodium concentration to 150 mmol/litre or higher. If 
either occurs, the infant is dehydrated and fl uid intake 
should be increased by 30 mL/kg/day. When nursing a 
low- birth- weight infant under an overhead heater, it is 
advisable to add an extra allowance of 30 mL/kg/day 
right from the start (i.e. start on day 1 at 90 mL/kg/day 
rather than 60 mL/kg/day).

Note, however, that even 30 mL/kg/day might not be 
enough to meet the insensible losses of a very preterm 
infant (29 weeks or less) under a radiant heater. Such 
infants are much better nursed in closed incubators.

In very- low- birth- weight infants, enteral feeds should be 
advanced slowly in 20–30 mL/kg/day increments. Infants 
who are being enterally fed but who are unable to breastfeed 
can be given expressed breast milk by orogastric tube or 
cup. A general plan for fl uid enhancement is as follows: 

 O day 1: 60 mL/kg/day 
 O day 2: 85 (range 80–90) mL/kg/day
 O day 3: 110 (range 100–120) mL/kg/day 
 O day 4: 135 (range 120–150) mL/kg/day 
 O day 5 and thereafter: 165 (range 150–180) mL/kg/day.

Monitor the fl uid intake by weighing the infant daily and 
recording the frequency of urine output.

To weigh the baby, fi rst place a blanket in the scales, 
set them to zero and then place the baby naked in the 
scales and cover the infant with the blanket to keep them 
warm. Fluid intake may need to be adjusted frequently to 
maintain fl uid balance. Urine output can be monitored by 
measuring the difference between wet nappies (diapers) 
and a dry one using accurate scales. Generally expect at 
least eight wet nappies in a 24- hour period. Look out for 
signs of fl uid overload (oedema) or dehydration. If possible 
measure the plasma electrolytes, but remember that these 
cannot be interpreted without information on body weight 
and urine output.

Electrolyte requirements when giving IV 
fl uids
Sodium requirements
Infants over 48 hours of age need some sodium supple-
mentation in a dose of 2–3 mmol/kg/day. This can most 
easily be given by adding 20 mL/kg of normal saline (0.9%) 
to the daily requirement of 10% glucose to make up the 
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total daily fl uid volume needed. This gives approximately 
3 mmol of sodium per kg.

Adding sodium is open to many errors. Ready- made 
neonatal fl uids are available in some countries, and may be 
used to avoid this problem in some situations. The sodium 
requirements of very preterm infants may be much higher, 
as urinary sodium losses may approximate 10 mmol/kg/
day in those of 29 weeks’ gestation or less. 

Sodium can be commenced on the third day of life (after 
48 hours) in infants receiving intravenous fl uids, but if there 
is respiratory distress it is wise to wait until the diuresis 
associated with recovery begins (this is often delayed until 
the third or fourth day of life).

Potassium requirements
Potassium supplementation in a dose of 1–2 mmol/kg/
day will meet requirements and can be provided by adding 
mathematically correct and smal amounts of potassium 
chloride to a 10% glucose fl uid. If IV potassium is given, the 
plasma potassium concentration must be monitored daily. 
Potassium can be added to fl uids but this should be done 
very carefully. Remember that too much IV potassium can 
be fatal. The concentration of KCl in peripheral IV solutions 
should never exceed 40 mmol/litre. Do not add KCl until 
the urine output is well established.

Remember that it is best to give potassium and 
calcium supplements orally, unless very low serum 
values are identifi ed.

Glucose requirements
Infusing glucose at the following rates will match the normal 
hepatic glucose output and therefore maintain the blood 
glucose concentration at an acceptable level:

 O term infant: 3–5 mg/kg/minute
 O preterm, appropriate weight for gestation: 4–6 mg/kg/

minute
 O small for gestational age: 6–8 mg/kg/minute.

A solution of 10% glucose at 60 mL/kg/day will give 
4 mg (0.22 mmol) glucose/kg/minute.

These infusion rates provide minimal glucose require-
ments to maintain a normal blood glucose level, but higher 
rates will be required for growth. Consider hyperinsulinism 
as a cause of the problem if an infant requires higher rates 
of infusion to maintain normoglycaemia. Always use 5% 
or ideally 10% glucose/dextrose for peripheral IV infu-
sions; an umbilical venous catheter will be needed if high 
glucose requirements or limits on fl uid volume necessitate 
a more concentrated solution which will be damaging to 
thin peripheral veins. 

Composite maintenance fl uid
An alternative way to make a simple composite mainte-
nance fl uid is by adding the following to give a total volume 
of 100 mL:

 O 1/5 dextrose saline (0.18% normal saline with 5% 
dextrose) = 71 mL

 O 7.4% KCl = 2 mL
 O 10% calcium gluconate = 2 mL
 O 25% dextrose = 25 mL
 O Total volume = 100 mL.

Each 100 mL of the above solution would contain dextrose 
10%, KCl 2 mEq, Ca 2 mEq and sodium 2.5–3 mmol. Any 

such mixture must be prepared under sterile conditions.
Remember that KCl should not be added until urine output 

is well established.

Drug use in the newborn infant
Relatively few drugs are needed to deal with most common 
neonatal emergencies.

The IV route should be used if the infant is already being 
given IV fl uids, as this will reduce the amount of pain to 
which the child is subjected. There are dangers associated 
with rapid administration or breaking into an existing IV line, 
leading to an increased risk of sepsis. Erecting an IV line 
merely to administer drugs also risks exposing the child to 
dangerous fl uid overload, unless a syringe pump can be 
used to control the rate at which fl uid is infused.

Common emergency problems that 
require hospital care in the fi rst month 
of life
Many emergencies can be prevented by attention to good 
feeding practices, providing adequate warmth and prevent-
ing infection. The more preterm or low birth weight the 
infant, the more likely it is that the following complications 
will occur:

 O feeding diffi culties
 O poor temperature control, especially hypothermia
 O infection – prevention and early recognition and safe 

management are essential
 O polycythaemia
 O respiratory distress and apnoeic attacks
 O bleeding
 O jaundice and neonatal anaemia
 O reduced conscious level and seizures, including 

hypoglycaemia
 O surgical problems. 

Feeding diffi culties
Infants born after 34 weeks are generally mature enough 
to suck and swallow well, but may be less demanding 
of feeds than term infants. Attention to the following can 
help all newborn infants, especially those born preterm, to 
establish breastfeeding:

 O Encourage early and prolonged skin contact. 
 O Encourage small frequent feeds by waking the infant 

every 2 to 3 hours and putting them to the breast.
 O If the infant will not latch on and suck, the mother can 

be encouraged to express breast milk and offer it to 
the infant by cup and/or spoon or if not accepted by 
orogastric or nasogastric tube.

 O If an otherwise well infant on breast milk feeds is expe-
riencing inadequate growth, an inadequate milk supply 
may be the problem. There are several possible causes 
for this, which can usually be identifi ed by listening to 
the mother and then watching the infant feed. A relaxed 
mother will have a good ‘let- down’ refl ex which gives 
the infant the more calorie- rich hind milk as well as the 
fore milk. The mother can tell when she has ‘let down’ 
by a tingling feeling in her breasts, and the infant starts 
to swallow rapidly. The infant must latch on properly 
for feeding to be successful, and this may need some 
assistance from the midwife. The best way to increase 
the milk supply for a hungry infant who is not thriving 
is to increase the feed frequency. Breast milk works on 
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a demand- and- supply system, so the more the infant 
demands, the more the breast supplies. If the infant is 
not feeding vigorously enough to increase the milk sup-
ply, the mother should express milk after feeding and 
give it to the infant as described above.

 O Avoid giving formula or breast milk by bottle. A small 
feeding cup (about the size of a medicine measuring 
cup, with a smooth rim) or a spoon can be used to 
feed the infant. 

 O Give expressed breast milk via orogastric or nasogastric 
tube if the infant is too unwell to suck or drink from a cup. 

 O As the infant becomes stronger, encourage a transition 
to demand breastfeeding.

Feeding problems
 O Ingested meconium/blood. Infants who have swal-

lowed a lot of meconium or blood before birth may retch 
and appear distressed after birth. Such problems almost 
always settle within a few hours without any intervention.

 O Uncoordinated feeding. Infants born before 32 weeks’ 
gestation often have diffi culty sucking and swallowing 
in a coordinated way. Most will initially need some tube 
feeds. They are not likely to start gaining weight until they 
are taking at least 120 mL/kg of milk a day. Infants need 
to be fed regularly at least once every 4 hours, day and 
night. Breast milk can be supplemented with formula 
milk at this time if donor milk is not available. However, 
every effort needs to be made to sustain the mother’s 
lactation by expression and by keeping the mother in 
hospital to be near her infant. 

 O Regurgitation. Hurried frequent feeding may cause 
regurgitation. A poorly developed cough reflex can 
cause the infant to inhale milk into the lung, resulting in 
possible pneumonitis and even pneumonia. Newborn 
infants benefi t from frequent small feeds every 2 to 
3 hours. Feeds should be increased gradually over the 
fi rst 3 to 5 days of life. Patience is required. Dehydration 
(and the risk of hypoglycaemia) need to be monitored, 
and can be prevented during this period by giving sup-
plemental gastric or IV fl uids so that total fl uid intake (i.e. 
taking the gastric/IV and the oral intake together) does 
not fall below 120 mL/kg per day.

 O Feeding tubes. Tube feeding is the best option for 
infants who have not yet developed a coordinated 
suck and swallow refl ex. Nasogastric tubes are popu-
lar, easier to secure and less easily pushed out by the 
infant’s tongue, but they can almost completely block 
one nostril, signifi cantly increasing the work of breathing. 
Therefore orogastric tubes are preferred if respiratory 
distress is present. Alternatively, a fi ne- bore nasogastric 
tube can be left in place and changed as required (up 
to a maximum of 7 days). Small frail infants should be 
handled as little and as gently as possible, and can be 
left lying undisturbed in their cots during a tube feed 
so long as the head end of the cot is elevated 25 cm. 

Temperature control and hypothermia 
prevention and treatment 
Hypothermia can be due to a cold environment, but remem-
ber that starvation or serious infection can present as 
hypothermia.

Normal temperatures for newborn infants are 36.5–
37.5°C (axillary) if measured over 3 minutes, and lower 
(around 36.0–36.5°C) if measured over at least 1 minute. 
Rectal thermometers are diffi cult to use and can be dan-
gerous. If the trunk is cold, the infant is almost certainly 
hypothermic.

Use a low- reading digital thermometer, not a mercury 
thermometer. If the axillary temperature is less than 32°C, 
hypothermia is severe; if it is in the range 32–35.9°C the 
infant has moderate hypothermia. If the infant’s temperature 
does not register on the normal thermometer, assume that 
they have hypothermia. 

Hypothermia can be prevented by the following 
measures:

 O Dry the infant well immediately after birth and place 
them in skin- to- skin contact with the mother. This is 
especially important for low- birth- weight infants who do 
not have other complications. For those with medical 
problems, warm the infant by skin- to- skin care. If there 
are adequate resources and staff, an overhead radiant 
heater or an air- heated incubator (set at 35–36°C) can 
be used.

 O ‘Kangaroo care’ (skin- to- skin contact with the mother 
between her breasts and covered with a blanket) is 
the most effective method for all infants, especially for 
those of low- birth- weight. Randomised trials in both 
well- resourced and resource- limited countries have 
shown signifi cant advantages to this technique for the 
infant and the mother, including an increased prevalence 
of breastfeeding, a reduced incidence of apnoea and 
a reduced risk of infection. Take care when examining 
the infant not to allow the temperature to fall (ideally 
room temperature in the hospital ward should be higher 
than 25°C).

 O A cot heated with a hot- water bottle with the top 
screwed in tightly and wrapped in a clean towel 
can be just as effective if the above are not available. 
Ordinary domestic radiant heaters or electrical blower 
type heaters can also be effective. 

 O Cover the infant’s head with a warm woollen hat and 
dress them in warm, dry clothes. Keeping the nappy 
dry is also very helpful.

 O Avoid overheating by monitoring the axillary temperature 
4-  to 6- hourly.

 O Feed the infant 2- to 3- hourly, and continue with 4- hourly 
feeds during the night.

 O Avoid washing the infant before they are 24 hours of age.
 O Do not leave the infant where there are any draughts.
 O The infant should sleep either with or next to the mother 

during the night.

The development of incubators earlier in the twentieth cen-
tury signifi cantly reduced the mortality of preterm infants, 
but they are expensive, and require regular maintenance, 
thorough cleaning and suffi cient numbers of trained staff. 
The nursing of infants in incubators is covered by standard 
texts, but Table 3.3.5 gives the settings from which to start, 
adjusting the incubator temperature up or down to maintain 
the infant’s axillary temperature at 36.0–36.5°C.
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TABLE 3.3.5 Incubator temperature guidelines

Weight of baby 
(grams)

Day 1 Day 2 Day 3 Day 4 and 
subsequently

< 1200 35.0°C 34.0°C 34.0°C 33.5°C

1200–1500 34.0°C 34.0°C 33.5°C 33.5°C

1500–2500 33.5°C 33.0°C 32.0°C 32.0°C

> 2500 33.0°C 32.5°C 31.0°C 30.5°C

Do not use antipyretic drugs to control fever in a newborn 
infant. Instead control the environment (e.g. remove some 
clothes, adjust incubator temperature) and always consider 
the possibility of serious infection. 

Prevention of neonatal infection
A newborn infant with risk factors for infection (membranes 
ruptured more than 18 hours before delivery, mother with 
fever > 38°C before delivery or during labour, or foul- 
smelling/purulent amniotic fl uid) should be treated with 
prophylactic antibiotics (ampicillin and gentamicin IM or 
IV) for at least 2 days. After 2 days the infant should be 
reassessed and treatment continued if there are signs of 
sepsis (or a positive blood culture).

Simple measures that can prevent infection in the new-
born include the following:

 O Ensure a clean delivery environment for the mother 
and infant, including disinfectant cream for all maternal 
vaginal examinations (e.g. Hibitane cream).

 O Good cord care: the WHO recommends that the cord 
be kept clean and dry. It should not be covered. Local 
applications of creams, ointments, etc. are generally not 
required except in high- risk settings, where application 
of an antiseptic is recommended. An antiseptic solution 
or cream such as 4% chlorhexidine has recently been 
shown to reduce omphalitis and resulting neonatal 
mortality. It should be applied immediately after birth 
and for several days thereafter if possible, preferably 
after every nappy change. Similarly, there is extensive 
successful experience with the application of surgical 
spirit or iodine solution to the cord.

 O Exclusive breastfeeding.
 O Strict procedures for hand washing or the use of hand 

sprays or hand rubs for all staff and for families before 
and after handling infants.

 O Not using water for humidification in incubators 
(where Pseudomonas can easily colonise).

 O Cleaning incubators with an antiseptic before use (if 
skin- to- skin mother care is not possible).

 O Strict sterility for all invasive procedures.
 O Sterile injection practices.
 O Remove intravenous drips when they are no longer 

necessary.
 O Keep invasive procedures (e.g. blood sampling, 

unnecessary IV cannulation) to a minimum, only 
undertaking them when they are essential.

Early- onset sepsis (fi rst 72 hours)
Early- onset sepsis usually occurs as a result of bacteria 
acquired by vertical transmission from mother to infant 
during labour and delivery. The most frequently observed 
organisms vary from one part of the world to another. 
Gram- negative enteric bacteria (especially Escherichia 

coli and Klebsiella species) predominate in many regions. 
Gram- positive cocci are also common, and include group 
B beta- haemolytic streptococcus, other streptococcal 
species, Staphylococcus and Enterococcus. Rarely Listeria 
monocytogenes is isolated from newborn infants with 
sepsis, especially when there are foodborne epidemics.

Maternal risk factors for early- onset sepsis
These include the following:

 O maternal fever (especially 38°C or higher) before delivery 
or during labour 

 O pre- labour rupture of membranes
 O prolonged rupture of membranes (18 hours or longer)
 O preterm labour
 O maternal bacteriuria during pregnancy (including E. coli 

and group B beta- haemolytic streptococcus)
 O prior infected infant (group B beta- haemolytic 

streptococcus).

Early- onset sepsis in the newborn usually results from bac-
teria acquired from the mother at or shortly before delivery. 
These infants mostly present with respiratory distress, and 
have bacteraemia or pneumonia. However, vaginal cultures 
cannot be used to determine the choice of antibiotics when 
treating the symptomatic newborn.

Late- onset sepsis
Organisms are less likely to refl ect those of the maternal 
genital tract, although the same pathogens may be identi-
fi ed in infants presenting from home. The most common 
infections are focal ones such as conjunctivitis, omphalitis, 
skin infections and meningitis. A circumcision wound can 
also be the site of serious infection.

In the hospital setting, infection is more commonly due 
to nosocomial pathogens, including coagulase- negative 
staphylococci, Gram- negative enteric bacteria (e.g. 
Klebsiella oxytoca, Klebsiella pneumoniae, Enterobacter 
cloacae), Staphylococcus aureus, Pseudomonas spe-
cies, streptococcal species and Enterococcus. Fungal 
sepsis must also be considered. Investigate as for early- 
onset sepsis, with the inclusion of a lumbar puncture and 
suprapubic urine for analysis and culture if indicated, and 
treat empirically with parenteral broad- spectrum antibiotic 
therapy directed towards the most commonly encountered 
pathogens for the particular nursery. Once cultures are 
positive, therapy can be directed accordingly. (For details 
of treatment of sepsis, see Section 3.4.)

Laboratory evaluation of the unwell infant
In an infant who is generally unwell with no clinically obvi-
ous infective focus, the following investigations should be 
performed:

 O Blood culture (about 1 mL of venous blood): This 
should be obtained from a peripheral vein after preparing 
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the skin with an antibacterial wash such as povidone- 
iodine and/or 70% ethanol or isopropyl alcohol. Blood 
culture is the gold standard for neonatal sepsis, but it 
is not 100% sensitive. The sensitivity may be further 
reduced if intrapartum antibiotics were administered 
to the mother antenatally. The results can be assessed 
at 48 hours.

 O White blood cell and differential cell count are not 
helpful in most situations.

 O Chest X- ray: This may be helpful if there are any res-
piratory signs, but not if it means taking the infant to 
another department in the hospital. A portable chest 
X- ray is ideal.

 O Lumbar puncture if indicated: cytology, chemistry, 
Gram stain and culture. Not routinely done on all infants 
with suspected infection unless there are neurological 
signs.

 O C- reactive protein (CRP): This is an inexpensive and 
useful test which may take 12 hours to become positive 
after the onset of an infection if this is present.

 O Blood glucose concentration.
 O Serum bilirubin concentration: if the infant appears 

jaundiced.
 O Surface cultures (ear canal, umbilical stump) and 

gastric aspirate cultures: these do not correlate with 
either the likelihood of sepsis or the causative agent in 
septic infants. These cultures should not be obtained.

 O Midstream or suprapubic aspirate of urine for cul-
ture: This procedure is of little value in the infant with 
suspected sepsis shortly after birth, but may be positive 
in infants with new- onset symptoms later in the fi rst week 
(* 3 days). A urinary tract infection should always be 
considered in neonates with late- onset sepsis.

In seriously sick infants with suspected sepsis, priority 
should be given to the structured ABC approach, while 
simultaneously obtaining a blood culture followed by 
prompt administration of antibiotics. Other tests, such 
as a lumbar puncture if needed (see above), can be 
performed once the infant is stable and antibiotics 
have been started. (For details of treatment of sepsis, 
see Section 3.4.)

Infants who are vulnerable to maternal 
factors
The infant of a diabetic mother
If a diabetic mother is poorly controlled, her infant may be 
large for gestational age, putting him or her at risk of slow 
progress in labour and perhaps shoulder dystocia. At birth, 
the infant, although large, behaves in a similar manner to 
a preterm infant. There is a major risk of hypoglycaemia, 
caused by the intrauterine over- stimulation of the infant 
pancreas to produce abnormally high levels of insulin. The 
infant must be monitored at least hourly for hypoglycaemia 
in the fi rst 6 hours, and should then be monitored 4- hourly 
for hypoglycaemia, which should be treated as described 
above with an infusion of 10% dextrose. The infant of a 
diabetic mother has immature lung maturation and is liable 
to surfactant defi ciency (see Section 3.4), poor feeding and 
jaundice. Polycythaemia is also more likely.

The infant of a mother who is dependent on 
alcohol or drugs of addiction
These infants have been exposed to signifi cant levels of 
narcotic drugs or alcohol in utero, causing an increased risk 
of congenital abnormalities and of abnormal neurological 
development and behaviour during childhood. Soon after 
birth they may show hyper- irritability and convulsions, 
requiring treatment and gradually reducing sedation as 
they are ‘weaned off’ the addictive drugs to which they 
have been exposed. These infants are also at risk of hav-
ing been exposed to bloodborne viruses such as HIV and 
hepatitis B and C. 

Birth injuries
Swellings around the head

 O The commonest is a caput succedaneum, which is 
oedematous tissue over the occiput present after a 
vaginal delivery. This usually resolves within a few days 
and is of no consequence, requiring no intervention.

 O A cephalhaematoma is a lateral (sometimes bilateral) 
fl uctuant swelling, well circumscribed by the sutures. 
It does not cross the midline and anatomically repre-
sents a sub- periosteal haemorrhage. There may be 
an associated skull fracture, but neither this nor the 
swelling itself usually needs treatment. The only impor-
tant complication can be worsening of jaundice as the 
blood is degraded and reabsorbed. Never aspirate 
blood from a cephalhaematoma, as this can cause 
a serious infection. 

 O A subaponeurotic haemorrhage (bleeding between 
the skull periosteum and the scalp aponeurosis) is the 
least common but most dangerous scalp swelling. It 
represents haemorrhage beneath the aponeurosis of 
the scalp. Onset and progression is often insidious, 
with progressive pallor due to signifi cant haemorrhage. 
The boggy swelling of the head, extending from above 
the eyes to the occiput, may only be noticed after the 
infant has developed hypovolaemic shock. The infant 
may develop bruising behind the ears and around the 
eyes. This must be recognised early, as these infants 
often need urgent transfusion. Injection of vitamin K 
should be given.

Nerve palsies
 O Facial nerve palsies are sometimes associated with 

forceps delivery. They usually resolve within a few days, 
requiring little intervention.

 O Brachial plexus trauma may follow shoulder dystocia 
or a diffi cult breech delivery, and refl ects traction injury 
to the upper roots of the brachial plexus. The arm is 
fl accid and the wrist fl exed. This can most clearly be 
demonstrated by eliciting an asymmetric Moro refl ex. 
Look for signs of respiratory distress, as the phrenic 
nerve on the same side is sometimes affected. An 
X- ray should be obtained to exclude a pseudoparesis 
associated with clavicular fracture or syphilitic osteitis. 
The humerus should also be included in the X- ray to 
rule out humeral fractures, which may occasionally be 
present. Most brachial plexus palsies resolve within 3 to 
4 weeks of delivery, but rarely they can be permanent. 
Once fractures have been ruled out, the mother can be 
shown how to perform passive movements to reduce 
the possibility of joint contractures developing. Refer 
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the infant for a surgical opinion if they are not better 
by 4 weeks.

Fractures
The most common types are skull and clavicular frac-
tures. These usually require no specifi c treatment. However, 
signifi cant skull fractures must be evaluated for intracranial 
bleeding. There should also be consideration of whether 
the injury is a birth- associated one or a subsequent infl icted 
injury perpetrated by a caregiver.

Common external congenital 
abnormalities
Talipes equinovarus
Talipes equinovarus is a fi xed inversion and fl exion deformity 
of the foot at the ankle, in which the foot cannot easily be 
put in a normal position. It is helpful to note that this form 
of fi xed talipes is usually associated with the presence of 
a groove on the medial aspect of the foot. Treatment is 
required. The foot should be splinted and strapped in the 
position closest to normal, and an orthopaedic surgeon’s 
advice must be sought (see Section 5.17). Whenever talipes 
is present, be sure to examine the hips carefully for evidence 
of developmental dysplasia (also known as ‘congenital 

dislocation of the hip’). It is also important to examine the 
back for a spinal defect and evidence of neurological defi cit.

The common variation (positional talipes) where the 
foot can easily be brought into the normal position does 
not require treatment. 

Extra digits
These are very common. It is important to distinguish a 
simple skin tag from a true extra digit containing bone or 
cartilage. The latter may be associated with other congenital 
anomalies, particularly of the heart, spine, kidney or gut. 
Skin tags are inherited and are of cosmetic signifi cance 
only. Skin tags are often held by only a thin pedicle of tis-
sue, which can be ligated at the base, usually causing the 
tag to fall off a few days later.

Supernumerary nipples and pre- auricular 
skin tags
These are often found and are of cosmetic concern only. 
No intervention is required.

Further reading
World Health Organization (2012) Born Too Soon: The Global 

Action Report on Preterm Birth. www.who.int/pmnch/
media/news/2012/preterm_birth_report/en/index.html

3.4 Neonatal illnesses and emergencies

Sepsis in the neonate
Recognising and treating neonatal infection
Bacterial sepsis (septicaemia) in the newborn infant may 
present with any number of subtle non- specifi c changes 
in activity or physical fi ndings. A change in feeding pat-
tern, vomiting, irritability, pallor, diminished tone and/
or decreased skin perfusion is suggestive of neonatal 
infection. Other presenting physical fi ndings may include 
lethargy, apnoea, tachypnoea, cyanosis, petechiae or early 
jaundice. There may be fever, but this is not common, espe-
cially with bacterial infections occurring in the fi rst week. 
However, temperature instability with hypothermia may be 
seen. Abnormal glucose homeostasis (hypoglycaemia or 
hyperglycaemia) and/or metabolic acidosis are commonly 
associated fi ndings. Infants, especially preterm infants, 
are very prone to infection and can become ill very rapidly 
once infection takes hold. Antibiotic treatment is only likely 
to work if started early, but the recognition of early infection 
is not easy. A WHO study showed that more than a third of 
all deaths in the fi rst month of life in most resource- limited 
countries were caused by infection. It also found that more 
than 80% of these infants, when fi rst seen, had one or more 
of the following eight danger signs associated with infection 
in the neonate:

 O infant feeding less than well than before
 O infant lying quiet and making few spontaneous 

movements

 O hypothermia or fever > 38ºC
 O capillary refi ll time > 3 seconds
 O respiratory rate * 60 breaths/minute
 O indrawing of the lower chest wall when breathing, or 

grunting
 O cyanosis
 O history of a convulsion.

Less common but important signs include the following:
 O low respiratory rate (< 20 breaths/minute) or apnoea
 O jaundice
 O abdominal distension
 O skin infections.

All neonates with signs of sepsis need immediate hospital 
admission if they are not already there, and must be treated 
with IV antibiotics for at least 10 days after blood and other 
appropriate cultures have been taken. 

Ampicillin (or penicillin) plus gentamicin are the fi rst- line 
drugs to be used. Consider adding cloxacillin or fl ucloxacillin 
if there are signs suggesting that Staphylococcus aureus is 
a cause (e.g. skin pustules, abscess, omphalitis). Blood cul-
tures are ideal although not always possible before starting 
antibiotics. If the infant does not respond within 48 hours, 
consider changing the antibiotic. If there is a possibility of 
meningitis, risk of resistance or Gram- negative organisms, 
a third- generation cephalosporin such as cefotaxime or 
ceftriaxone should also be added.
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Causes of early- onset sepsis (fi rst 72 hours)
Early- onset sepsis usually occurs as a result of bacteria 
acquired by vertical transmission from mother to infant dur-
ing late pregnancy, labour and delivery. The most frequently 
observed organisms vary from one part of the world to 
another. Gram- negative enterics (especially Escherichia 
coli and Klebsiella species) predominate in many regions. 
Gram- positive cocci are also common, and include group 
B beta- haemolytic streptococcus, other streptococcal spe-
cies, Staphylococcus and Enterococcus. Less commonly, 
Listeria monocytogenes is isolated from newborn infants 
with sepsis, especially when there are foodborne epidemics.

These infants mostly present with respiratory distress. 
However, vaginal cultures cannot be used to determine 
the choice of antibiotics when treating the symptomatic 
newborn.

Late- onset sepsis
Organisms are less likely to refl ect those of the maternal 
genital tract, although the same pathogens may be identi-
fi ed in infants presenting from home. The most common 
infections are focal infections such as conjunctivitis, ompha-
litis, skin infections and meningitis. A circumcision wound 
can also be the site of serious infection.

In the hospital setting, infection is more commonly 
caused by nosocomial pathogens, including coagulase- 
negative staphylococci, Gram- negative enteric bacteria (e.g. 
Klebsiella oxytoca, Klebsiella pneumoniae, Enterobacter 
cloacae), Staphylococcus aureus, Pseudomonas species, 
streptococcal species and Enterococcus. Fungal sepsis 
must also be considered. Investigate as for early- onset sep-
sis (see below), with the inclusion of a lumbar puncture and 
suprapubic urine for analysis and culture if indicated, and 
treat empirically with parenteral broad- spectrum antibiotic 
therapy directed towards the most commonly encountered 
pathogens for the particular nursery. Once cultures are 
positive, therapy must be directed accordingly. 

Laboratory evaluation of the unwell infant
In the case of an infant who is generally unwell with no 
clinically obvious infective focus, the following investigations 
should be performed if laboratory facilities are available:

 O Blood culture (about 1 mL of venous blood): This 
should be obtained from a peripheral vein after preparing 
the skin with an antibacterial wash such as povidone- 
iodine and/or 70% ethanol or isopropyl alcohol. Blood 
culture is the gold standard for neonatal sepsis, but it 
is not 100% sensitive. The sensitivity may be further 
reduced if intrapartum antibiotics were administered to 
the mother antenatally.

 O White blood cell count (WBC) with differential cell 
count is generally unhelpful in this setting.

 O Chest X ray: This may be helpful if there are any res-
piratory signs, but not if it means taking the infant to 
another department in the hospital. A portable chest 
X- ray is ideal (if available).

 O Lumbar puncture if indicated: cytology, chemistry, 
Gram stain and culture. Not routinely done on all infants 
with suspected infection unless there are neurological 
signs.

 O C- reactive protein (CRP): This is an inexpensive and 
useful test which may take 12 hours to become positive 
if an infection is present. A negative test at 48 hours in 
a well infant suggests that antibiotics can be stopped.

 O Blood glucose concentration.
 O Serum bilirubin concentration if the infant appears 

jaundiced.
 O Surface cultures (ear canal, umbilical stump) and 

gastric aspirate cultures do not correlate with either 
the likelihood of sepsis or the causative agent in septic 
infants. These cultures should not be obtained.

 O A midstream or suprapubic aspirate of urine for 
microscopy and culture: This procedure is of little 
value in the infant suspected of having sepsis shortly 
after birth, but it may have a greater yield in infants with 
new- onset symptoms later in the fi rst week (* 3 days). 
A urinary tract infection should always be considered in 
neonates with late- onset sepsis, and the same antibiot-
ics should be used as for other serious infections unless 
cultures dictate otherwise.

In seriously ill infants with suspected sepsis, priority 
should be given to the structured ABC approach, while 
simultaneously obtaining a blood culture followed by 
prompt administration of antibiotics. Other tests, such 
as a lumbar puncture, can be performed once the infant 
is stable and antibiotics have been started. 

Specifi c neonatal infections
Meningitis and/or septicaemia
Meningitis may occur at any time in the neonatal period, 
and is frequently fatal, with some survivors experiencing 
long- term sequelae. Survival and later prognosis depend on 
early diagnosis and rapid treatment. Confi rmatory diagnosis 
from a lumbar puncture may take several hours. Therefore 
it is urgent and appropriate to start antibiotic treatment 
empirically as soon as the diagnosis is suspected. 

Presenting features of meningitis: These include 
lethargy, reduced or complete lack of willingness to take 
feeds, irritability, a high- pitched cry, apnoeic episodes, low-
ered conscious level or even coma, hypotonia, convulsions, 
generalised signs of accompanying sepsis, and a bulging 
or tense anterior fontanelle. Always measure and record 
the head circumference.

However, once signs such as the above are present, 
treatment may be unsuccessful and survivors may be 
handicapped. Therefore any infant with the following danger 
signs should be started on antibiotics IV and the relevant 
investigations undertaken:

 O infant feeding less well than before
 O infant lying quiet and making few spontaneous 

movements
 O hypothermia or fever > 38ºC
 O capillary refi ll time > 3 seconds
 O respiratory rate * 60 breaths/minute
 O indrawing of the lower chest wall when breathing, or 

grunting
 O cyanosis
 O history of a convulsion.

Less common but important signs include the following:
 O low respiratory rate (< 20 breaths/minute) or apnoea
 O jaundice
 O abdominal distension
 O skin infections.
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Treatment of suspected bacterial 
septicaemia with or without early meningitis 

 O Ensure that the airway is open and keep it open.
 O Ensure that the infant is breathing adequately, and if 

they are apnoeic, gasping or have a very low respiratory 
rate, consider ventilation using a bag and mask until 
they are breathing adequately.

 O If the infant is cyanosed, give them oxygen until they are 
pink or show normal oxygen saturation in air (> 92%).

 O Insert an IV cannula, using full sterile precautions. 
Umbilical vein catheterisation may be the most effective 
way to gain vascular access quickly in a shocked infant 
less than 1 week old (see Section 8.4.B). Otherwise it 
might be necessary to site an intra- osseous line or 
cannulate a scalp vein. 

 O Take samples for full blood count, CRP, blood culture, 
lumbar puncture, blood glucose and other tests (urine 
microscopy and culture, chest X- ray, biochemical tests) 
if needed (and available). Failure to sterilise the skin 
rigorously can render blood culture results uninterpret-
able. Chlorhexidine, 0.5% aqueous solution, is a very 
effective antiseptic. Use two different swabs, applying 
each for 10 seconds, and then leave the skin to dry for 
30 seconds. A keyhole drape and no- touch technique 
will reduce the risk of recontamination, especially when 
performing lumbar puncture or suprapubic aspiration. 

 O If possible, check blood glucose levels, but if facilities 
do not allow this, give 2 mL/kg of 10% glucose IV over 
2–3 minutes as an initial bolus, followed by 5 mL/kg of 
10% glucose per hour for the next few days while enteral 
feeds are established. An infant who becomes alert and 
active immediately following the initial bolus is suggestive 
of hypoglycaemia (i.e. a blood glucose concentration of 
< 2.5 mmol/litre, or < 36 mg/dL), and this may be part of 
the problem. If an IV line cannot be inserted and hypo-
glycaemia is suspected, give expressed breast milk or 
10% glucose by nasogastric tube or sublingual sucrose. 
Further intermittent monitoring of the blood glucose level 
should be undertaken and the infusion continued until 
it is clear that the infant is well enough to be fed orally.

 O Give the first dose of ampicillin and gentamicin 
(or cefotaxime or ceftriaxone) intravenously using 
the dose regimen outlined at the end of this section. 
Remember to use the high meningitic dose if meningitis 
is suspected, and continue it for the duration of therapy 
if meningitis is confi rmed. If IV access is not immediately 
possible, give the initial antibiotic dose IM. Never wait 
for the results of cultures before starting antibiotics. Any 
delay can reduce the infant’s chances of survival as well 
as leading to permanent damage if meningitis is present.

 O Start an IV infusion of 60 mL/kg/24 hours of 10% dex-
trose (or 1/5 normal saline with 5% dextrose) if at all 
possible. 

 O If the infant is shocked, give an IV bolus of 10 mL/kg 
of Ringer- lactate or Hartmann’s solution. This can be 
repeated twice (giving a total of 30 mL/kg) if the infant 
remains shocked. The use of inotropes (dopamine and 
dobutamine) (if available) can be considered in such situ-
ations, although the outlook is bleak if they are needed.

 O If the child has any respiratory symptoms, take a portable 
chest X- ray (if facilities are available). Do not take a sick 
infant to an X- ray department for this, as the resulting 
information is not worth the risks of moving them. Look 
regularly to see whether cyanosis is developing, or use 

a pulse oximeter (if available) and give supplemental 
oxygen, preferably using nasal cannulae rather than a 
head box. Infants who become infected during delivery 
develop respiratory symptoms with progressive signs of 
septic shock within a few hours of birth. Do not give any-
thing by mouth to an infant who is breathless, especially 
if there is additional evidence of oxygen dependency. 

Points to consider
 O Undertake the ABC approach. Oxygen may be needed. 

If the conscious level is impaired, the airway may be 
at risk.

 O Be alert for the presence of seizures, and treat them 
as appropriate. Always consider meningitis as a 
possible cause. If there are any features suggestive of 
meningitis, perform a lumbar puncture at the same time 
as blood cultures or within 2 hours of starting antibiotic 
treatment, because the blood culture is sterile in 15% 
of infants with early meningitis. Do not delay antibi-
otic therapy pending the undertaking of a lumbar 
puncture. Treat seizures with phenobarbitone 20 mg/
kg IM or by slow IV injection. If needed, continue with 
phenobarbitone at a maintenance dose of 3–5 mg/kg/
day. Diazepam or midazolam can also sometimes be 
used to control seizures. However, always have a bag 
and mask available if diazepam or midazolam are given 
to stop fi tting, as these drugs cause temporary apnoea 
in some patients, which can easily be managed with 
bag- and-mask ventilation until the infant is breathing 
adequately.

 O Microscopic examination of the CSF (in meningitis the 
white blood cell count is * 25 cells/mm3), low glucose 
levels and high protein levels with or without Gram stain 
can provide early confi rmation of meningitis. Remember 
that a differential white blood cell count or a differ-
ential count in the CSF do not help with the decision 
to initiate or continue antibiotic treatment.

 O Surface swabs and gastric aspirate cultures have no 
diagnostic signifi cance. However, urinary tract infection 
can occasionally be the primary focus of a Gram- 
negative septicaemic illness. Simple microscopy on 
a clean catch or suprapubic urine specimen may be 
used to rule out a urinary tract infection. Identifi cation 
of a urinary tract infection may suggest the need for 
ultrasound imaging of the renal tract and long- term 
prophylactic antibiotics. 

 O Watch for, prevent and correct any sign of hypothermia 
(skin- to- skin mother care).

 O Antibiotics can be stopped after 48 hours if the blood 
cultures are negative and the infant is clinically well. If 
available, a normal CRP at 48 hours can help to exclude 
sepsis. If blood cultures are not available, continue the 
antibiotics for the full course appropriate for the site of 
infection (meningitis 14–21 days).

 O Think also of herpes infection, congenital TORCH infec-
tion (newborn intrauterine- acquired infections, including 
toxoplasmosis, parvovirus B19, syphilis, HIV, varicella, 
coxsackie, rubella and cytomegalovirus) or neonatal 
malaria (rare) in a malaria- endemic region.

Antibiotic treatment 
 O Beta- lactam antibiotics plus aminoglycosides act 

synergistically in treating some of the most frequently 
encountered neonatal pathogens. Commonly used 
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agents are ampicillin and gentamicin, but alternative 
broad- spectrum coverage may be used. Penicillin may 
be used if ampicillin is not available, but it has a narrower 
spectrum, limited to Gram- positive bacteria. Ampicillin 
may also provide better coverage for certain Gram- 
positive pathogens, including Listeria.

 O Third- generation cephalosporins such as cefotaxime 
and ceftriaxone may be used, but some Gram- positive 
bacteria may not be covered (e.g. Enterococcus, 
Listeria) if a penicillin derivative is not included. Infants 
with suspected Gram- negative meningitis and accom-
panying early- onset sepsis may benefi t from inclusion 
of a third- generation cephalosporin which offers a theo-
retically greater penetration and killing power for enteric 
bacteria in the cerebrospinal fl uid. These antibiotics may 
be given intramuscularly if IV access cannot be obtained. 
Frequent use of these drugs may contribute to the 
development of multi- drug- resistant strains of bac-
teria in nurseries. Ceftriaxone has a longer half- life and 
can be dosed once daily. 

 O Cloxacillin (IV or oral) is preferable if septic spots are 
present, as these are usually caused by coagulase- 
positive staphylococci.

 O Second- line antibiotics (e.g. ciprofl oxacin, vanco-
mycin, meropenem, piperacillin- tazobactam, linezolid) 
may be helpful for treating nosocomial infections and 
resistant organisms. However, their use should be limited 
to proven multi- drug- resistant organisms. Advice can 
always be sought on these from nearby referral centres. 
Inappropriate use of these expensive antibiotics may 
lead to even more multi- drug- resistant organisms (the 
so- called ‘superbugs’). It is recommended that these 
agents should only be used in specifi ed clinical settings.

Empirical antibiotic therapy includes antibiotics used for 
neonatal sepsis (i.e. a beta- lactam antibiotic plus an ami-
noglycoside) and a third- generation cephalosporin (e.g. 
cefotaxime or ceftriaxone) with excellent CSF penetration 
and bactericidal effect on sensitive Gram- negative bacteria. 
Therapy can be adjusted once the bacteria have been iden-
tifi ed and antibiotic sensitivities determined. The duration 
of treatment is at least 14 days for uncomplicated Gram- 
positive bacteria and 21 days for Gram- negative bacteria. 

The most frequently used initial combination is ampicillin 
and gentamicin (see the neonatal formulary at the end of 
this section). Benzyl penicillin may be preferable for known 
or suspected group B streptococcal infection. Cefotaxime 
or ceftriaxone is the drug of choice for most Gram- negative 
organisms, and ceftazidime is used for Pseudomonas 
infection.

Investigations for meningitis
 O Lumbar puncture is potentially helpful if meningitis is 

suspected, and should be considered in all newborn 
infants with neurological signs. It is important to only 
attempt lumbar puncture once the infant has been sta-
bilised, and ideally within 2 hours of initiating antibiotic 
treatment. Lumbar puncture is more likely than blood 
culture to identify the organism responsible, and within 
a shorter period of time.

 O Cerebrospinal fl uid (CSF) cell counts, chemistry and 
Gram stain would often point towards meningitis. An 
elevated CSF leucocyte count (* 25 white blood cells/
mm3) with pleocytosis is characteristic of neonatal 

meningitis. The CSF protein level in meningitis may be 
high (> 2.0 g/litre in a term infant), and the CSF glucose 
level is typically low (< 30% of blood glucose value). 
Gram staining may reveal bacteria, but antibiotic therapy 
should not be directed on the basis of this result, as 
rapidly growing bacilli may be mistaken for cocci, or 
the state of the organism may result in variable staining.

 O Sometimes the CSF picture in preterm infants who 
have sustained an intra- ventricular haemorrhage can 
show a mild reactive pleocytosis in the fi rst few weeks 
of life, which can be quite misleading. If there is clinical 
suspicion this should be treated as bacterial meningitis 
until cultures are known to be negative.

 O If a ‘bloody tap’ is obtained it is best to treat the infant 
as having meningitis, and repeat the lumbar puncture 
after 24–48 hours. The fi nding of many white cells or 
bacteria is signifi cant even if the CSF is bloodstained.

Diarrhoea in the newborn
Special points to remember

 O Encourage frequent breastfeeding, as it helps in both 
preventing and treating diarrhoea in the newborn.

 O If the infant is dehydrated, give low- osmolarity oral 
rehydration solution (ORS) in addition to breast milk.

 O In the case of sick infants or those infants who are unable 
to feed orally, consider IV fl uids.

 O If bloody diarrhoea occurs, it is best to assume that the 
infant has dysentery, and initiate antibiotic therapy. Avoid 
the use of co-trimoxazole in the light of much better and 
more effective antibiotics with better side- effect profi les.

 O In the case of the septic and unwell infant, give IV anti-
biotics as outlined in Table 3.4.1 (p. 358).

Sometimes what is described as diarrhoea by the mother 
is in fact the normal loose breastfed stools of some infants 
in the fi rst few days of life. Usually the number of stools 
passed per day declines quickly, and in some breastfed 
infants may be as infrequent as once daily. 

Congenital syphilis (see Section 2.8.H)
Congenital syphilis may be acquired from an infected 
mother via trans- placental transmission of Treponema 
pallidum at any time during pregnancy.

Clinical signs in infants may include any of the 
following:

 O low birth weight with a heavy placenta
 O palms and soles showing a red rash, grey patches, 

blisters or skin peeling
 O abdominal distension due to large liver and spleen
 O jaundice
 O anaemia
 O some low- birth- weight infants with syphilis show signs 

of severe sepsis, with lethargy, respiratory distress, skin 
petechiae or other signs of bleeding.

Investigation
No newborn infant should be discharged from hospital 
without determination of the mother’s serologic status for 
syphilis at least once during pregnancy, and also at delivery 
in communities and populations in which the risk of infection 
with congenital syphilis is high.

If you suspect syphilis, perform a venereal disease 
research laboratory (VDRL), rapid plasmin reagent (RPR) 
or rapid syphilis test.
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Treatment
All newborns of mothers with syphilis should be inves-
tigated and treated.

Infants should be treated for congenital syphilis if they 
have proven or probable disease demonstrated by one or 
more of the following:
1 physical, laboratory or radiographic evidence of active 

disease 
2 a reactive result on maternal or infant VDRL testing 

where the mother has not had 3 weekly doses of ben-
zathine penicillin. 

Parenteral penicillin G remains the preferred drug for treat-
ment of an infant with any signs of congenital syphilis.

Asymptomatic neonates born to VDRL- positive or 
RPR- positive women should receive 37.5 mg/kg (50 000 
units/kg) of benzathine benzyl penicillin as a single IM dose 
into the anterolateral thigh. Ensure that the needle is not in a 
vein when this drug is given, by drawing back and ensuring 
that no blood is in the needle, as it can cause cardiac arrest 
and severe CNS damage if given IV. 

Symptomatic infants require treatment with:
 O procaine penicillin 50 000 units/kg or 50 mg/kg as a 

single dose by deep IM injection daily for 10 days.

Caution: Accidental intravascular administration may 
result in cardiac arrest and/or neurological damage

 O or benzyl penicillin (aqueous crystalline penicillin G) 
30 mg/kg or 50 000 units/kg IV, 12- hourly for 7 days 
and then 8- hourly for 3 days. 

Treat the mother and partner for syphilis, and check for 
other sexually transmitted infections.

The infant of a mother with tuberculosis 
(see Section 2.8.G)

 O If the mother has active lung tuberculosis and was 
treated for less than 2 months before birth, or was 
diagnosed with tuberculosis soon after birth, the infant 
should be evaluated for congenital tuberculosis. 

 O Women with tuberculosis who have been treated appro-
priately for 2 or more weeks and who are not considered 
contagious can breastfeed. Reassure the mother that it 
is safe for her to breastfeed her infant.

 O Do not give the tuberculosis vaccine (BCG) at birth. 
Instead give prophylactic isoniazid 5 mg/kg body weight 
orally once daily. Separation is not necessary unless the 
mother (or household contact) has possible multi- drug- 
resistant tuberculosis. 

 O At the age of 6 weeks, re- evaluate the infant, noting 
weight gain and taking an X- ray of the chest if possible. 
Congenital TB is most often intra- abdominal, so look for 
signs suggesting this. If there are any signs or fi ndings 
suggestive of active disease, start full anti- tuberculosis 
treatment according to national guidelines. If at the age 
of 6 weeks the infant is doing well and tests are negative, 
continue prophylactic isoniazid to complete 6 months 
of treatment.

 O Delay BCG vaccination until 2 weeks after treatment 
is completed. If BCG vaccine has already been given, 
repeat it 2 weeks after the end of the isoniazid treatment.

 O If the mother is suspected of having multi- drug- resistant 
tuberculosis, an expert in tuberculosis disease treatment 
should be consulted.

Infant of a mother with HIV infection
See Section 2.8.C.

Skin, eye and mucous membrane 
infections
Conjunctivitis
Most conjunctivitis presents as ‘sticky eyes’, but this may 
not always be of bacterial origin, especially if it occurs in the 
fi rst few days. However, a bacterial process must be con-
sidered in all cases. Infants with a serous discharge without 
significant conjunctival inflammation may simply have 
blocked naso- lacrimal tear ducts. This usually responds to 
gentle pressure/massage applied in a downward motion 
along the nose immediately adjacent to the eyes. The dis-
charge may be cleaned from the eye with sterile 0.9% saline 
drops. Show the parent how to clean the infant’s eyes with 
sterile normal saline or boiled and cooled clean water. The 
eyes should be wiped from the inside to the outside edge 
using a clean cotton wool swab for each eye. The hands 
should always be washed before and after the procedure. 

If the condition worsens or if there is conjunctival infl am-
mation or a purulent discharge, use of topical therapy 
should be considered. Erythromycin, tetracycline, neomycin 
or chloramphenicol ophthalmic ointments or drops may be 
considered. Sometimes this condition is due to chlamydia. 
Apply the ointment 2 to 4 times a day for 5 days after wash-
ing away any pus with sterile normal saline as described 
above. Treat this level of infection as an outpatient, but 
review every 48 hours.

Gonococcal conjunctivitis
A severe rapidly progressive purulent conjunctivitis 
occurring within the fi rst few days must always be 
assumed to be due to Neisseria gonorrhoeae, which 
must be promptly identifi ed and aggressively treated 
in hospital with parenteral antibiotics and irrigation. 
Most strains are now resistant to penicillin. Swab the eye 
for microscopy (Gram- negative intracellular diplococci) and 
culture (special medium is required, such as Thayer–Martin 
agar with incubation under increased carbon dioxide). 
Treatment should be initiated immediately before culture 
confi rmation. Treatment with IV penicillin for 7 days has 
been used successfully, but because of increased world-
wide resistance (penicillinase- producing gonococcus), a 
third- generation cephalosporin is often selected as the 
fi rst- line therapy: 

 O ceftriaxone 125 mg IM, as a single dose
 O or cefotaxime 25 mg/kg (maximum 125 mg) IM, as a 

single dose
 O or cefi xime 20 mg/kg orally, as a single dose.

It is important to repeatedly clean the eye, or irrigate with 
saline until pus formation stops. It is vital to prevent corneal 
rupture and subsequent blindness.

In the case of a presumed or diagnosed gonococcal 
or chlamydial infection, the mother and partner should 
also be treated.

In countries with a low rate of sexually transmitted dis-
eases, staphylococcal and Gram- negative organisms are 
more likely to be responsible. Staphylococcal infections can 
be treated with cloxacillin or fl ucloxacillin 30 mg/kg orally or 
IV every 6–8 hours for 5 days.



357

Section 3.4

Chlamydial conjunctivitis
Chlamydia trachomatis is a common cause of infectious 
conjunctivitis in the newborn infant. It typically presents 
between 5 and 14 days. The presentation can vary from mild 
to moderate conjunctival erythema, and from scant mucoid 
discharge to copious purulent discharge. Eyelid oedema, 
chemosis or pseudomembrane formation may also be 
present. Corneal involvement is unusual initially, although 
untreated chlamydia conjunctivitis can result in varying 
degrees of conjunctival scarring and corneal infi ltrates. 

Chlamydia can be confi rmed by culture or rapid antigen 
detection, but these are highly specialised procedures that 
may not be readily available. Without a positive laboratory 
diagnosis, treatment is based on clinical severity. If the 
condition is mild, clean the eye only. If it is moderate, use 
a topical antibiotic and consider giving erythromycin 10 mg/
kg orally, 6- hourly for 14 days. This effectively treats this 
infection and may also eradicate upper respiratory tract 
colonisation. Drug interactions with erythromycin include 
increased serum levels of digoxin, theophylline and poten-
tially caffeine.

If the condition is severe, beware gonococcal infection, 
irrigate and use IV or IM cefotaxime or ceftriaxone.

Ensure that the mother is appropriately referred for 
treatment.

Skin pustules
Skin pustules are most commonly caused by Staphylococcus 
aureus. Most often these occur in small clusters in an oth-
erwise healthy asymptomatic infant. Topical therapy with 
chlorhexidine 0.5% may be all that is needed in most of these 
cases. Oral therapy with a penicillinase- resistant penicillin 
(e.g. fl ucloxacillin 25 mg/kg 6-hourly) or fi rst- generation 
cephalosporin (e.g. cephalexin 25 mg/kg 6–12- hourly for 
7 days) may also be used if extensive pustules are found. 
If septicaemia is suspected, septic investigations and IV 
antibiotics after hospitalisation may be needed. Sometimes 
staphylococcal pustules can be diffi cult to distinguish from 
erythema toxicum (a benign, non- infectious newborn rash). 

Umbilical infection
A clinically relevant infection of the umbilical stump (ompha-
litis) presents as redness and oedema of the skin extending 
from the umbilicus. This should be distinguished from the 
ooze resulting from an umbilical granuloma, which may 
develop after a few weeks. If there is skin redness plus 
oedema extending from the umbilicus, appropriate antibiot-
ics, usually anti- staphylococcal, should be used. Clean the 
area with soap and warm water and remove or drain pus 
and crusts. Dry and paint the area with antiseptic such as 
gentian violet, or use a simple alcohol swab to clean the 
area at the time of every nappy change. If there is only 
a ‘sticky cord’, manage it with local treatment only. Pus 
can be easily removed with a swab, whereas normal cord 
degeneration cannot be removed.

Cellulitis
This is most commonly caused by streptococci, but 
Staphylococcus aureus, Gram- negative enterococcus 
and anaerobes should also be considered when infection 
occurs at sites where there have been breaks in the skin. 
Treatment with parenteral antibiotics (e.g. Flucloxacillin, a 
penicillinase- resistant penicillin, and gentamicin, an amino-
glycoside) should be directed against both Gram- negative 

and Gram- positive bacteria. Omphalitis may become 
rapidly progressive and spread to deeper tissues. Infection 
with Clostridium is common in the setting of poor mater-
nal immunity or poor umbilical cord care, and can cause 
neonatal tetanus.

Scalded skin syndrome
This is a rare infection caused by toxin- producing staphylo-
coccal organisms which leads to a toxic reaction producing 
the effect of both serious infection and burns. Treat it with 
IV cloxacillin or fl ucloxacillin.

Superfi cial candidiasis (‘thrush’ and 
‘monilial’ rash)
Superfi cial candidiasis of the oral mucosa (‘thrush’) com-
monly manifests as white patches which are not easily 
scraped with a spatula. The nappy area may also be 
affected (‘monilial’ rash). Unlike irritant dermatitis, the ery-
thema extends into skin folds and there may be small raised 
erythematous lesions. Treat with oral nystatin suspension, 
1 mL after feeds (divide it between each cheek with a small 
syringe). Topical nystatin ointment may be used to treat the 
skin rash, but only in combination with oral nystatin. Keep 
the nappy area dry. Apply local treatment to the mother’s 
nipples if they are also infected.

Warning: Excess and inappropriate antibiotic usage, 
besides being costly and generating a lot of nursing 
work, also leads to multi- drug resistance. Excess use 
can cause overt Candida infection (thrush), and also 
risks the eventual emergence of multi- drug- resistant 
organisms, especially in a hospital setting. The wide-
spread use of ampicillin has caused many coliform 
organisms to become increasingly resistant to this 
antibiotic, while units that use cefotaxime extensively 
are starting to encounter serious Enterobacter and 
other multi- drug- resistant Gram- negative sepsis.

Drugs used to treat severe infection in the 
neonate
Ampicillin (or amoxicillin)
Give 100 mg/kg per dose IM or IV where meningitis is a 
possibility, and 50 mg/kg per dose in other situations. Give 
one dose every 12 hours in the fi rst week of life, every 
8 hours in an infant aged 1–3 weeks, and every 6 hours 
in an infant older than this. Oral dosing can sometimes be 
used to complete a course of treatment.

Benzyl penicillin
Give 60 mg/kg (100 000 units/kg) IV if meningitis or tetanus 
is a possibility. Give 30 mg/kg (50 000 units/kg) per dose 
in all other situations, including syphilis. Time the interval 
between each dose as for ampicillin. Oral dosing (with phe-
noxymethylpenicillin) can sometimes be used to complete 
a course of treatment. 

Cefotaxime
Give 50 mg/kg per dose IV or IM. Time the interval between 
each dose as for ampicillin, except in meningitis, where 
doses are given 6- hourly.

Chloramphenicol
This remains a useful antibiotic, although there is a seri-
ous risk of death from liver failure if the dose suggested 
here is exceeded. Warning: The problem is not the dose 
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but incorrect mixing, as the bottle contains 1000 mg, so it 
is easy to overdose. Give a 25 mg/kg loading dose IM fol-
lowed by 12.5 mg/kg once every 12 hours to infants less 
than 1 week old. Give this dose every 8 hours to infants 
aged 1–4 weeks, unless there is evidence of liver damage 
or renal failure. Infants older than this can be given 12.5 mg/
kg once every 6 hours from the outset. Oral dosing can 
be used to complete any course of treatment. (The dose 
can be doubled in those over 1 month of age with severe 
infection.) Be very careful if the IV dose has to be diluted 
to obtain the correct dosage.

Cloxacillin (or fl ucloxacillin)
Give 100 mg/kg per dose IM or IV if serious infection is 
present, and 50 mg/kg per dose in other situations. Time 
the interval between each dose as for ampicillin. Oral treat-
ment can often be given to complete a course of treatment 
(25 mg/kg standard, 50 mg/kg severe, 100 mg/kg in infec-
tions such as osteomyelitis).

Erythromycin
Give 12.5 mg/kg per dose orally once every 6 hours. There 
is no satisfactory IM preparation.

Eye drops (and ointments)
Prophylactic chloramphenicol 0.5% eye drops or 1% eye 
ointment can be used to minimise the risk of gonococcal 
infection (IM/IV ceftriaxone is being used for overt infec-
tion). Tetracycline ointment 1% should be used (with oral 
erythromycin) to treat chlamydia conjunctivitis (this condi-
tion is not prevented by silver nitrate use). Pseudomonas 
infection requires treatment with systemic antibiotics and 
topical gentamicin 0.3% eye drops. 

Gentamicin
Give 5 mg/kg IM or IV once every 24 hours. If the infant 
weighs less than 2 kg, give 4 mg/kg per dose. Leave 
36–48 hours between each dose if there is renal failure.

 O If the infant is less than 32 weeks’ gestation, give 
4–5 mg/kg 36- hourly.

 O If the infant is more than 32 weeks’ gestation, give 
4–5 mg/kg 24- hourly.

Hepatitis B vaccine
Give 0.5 mL IM into the thigh as soon as possible after or 
within 12 hours of birth. Remind the mother that the infant 
will require booster injections at 6 weeks and 14 weeks 
after birth. Infants born to mothers infected during preg-
nancy or who are known high- risk carriers with a positive 

hepatitis B e-antigen should also be given 200 units of 
hepatitis B immunoglobulin (HBIG) IM into the other thigh 
within 24 hours of birth. Breastfeeding can safely continue.

Isoniazid
See Section 6.1.N for the latest advice on the treatment of 
children with TB or suspected TB. 

Metronidazole
Give a 15 mg/kg loading dose and 7.5 mg/kg per dose once 
every 12 hours in infants less than 4 weeks old, and every 
8 hours in children older than this. Treatment can be given 
IV or orally, but solubility makes IM use unsatisfactory. If 
the IV route is used, start the maintenance dose 24 hours 
after loading. If the oral route is used, give the fi rst dose 
12 hours after loading.

Miconazole
This controls infection with candida (‘thrush’) more effec-
tively than topical nystatin. Use the oral gel at least four times 
a day and the skin cream twice a day for at least 7 days. 
Topical treatment with 0.5% aqueous gentian violet for not 
more than 4 days may be equally effective. Oral nystatin 
drops (1 mL four times a day) can be used to reduce heavy 
intestinal tract carriage. 

Nevirapine
See Section 2.8.C and national protocols for the latest 
advice on the use of Nevirapine in the prevention of mother-
to-child transmission of HIV infection.

Procaine and benzathine penicillin
Give asymptomatic infants born to mothers with evidence 
of untreated syphilis a single 37.5 mg (50 000 units/kg) dose 
of benzathine penicillin IM injection. Never give this drug 
IV. Infants thought to be infected at birth are often given 
procaine penicillin 50 mg/kg (50 000 units/kg) IM once a 
day for 10 days, but repeated IM injections can cause a 
sterile abscess with subsequent muscle fi brosis and atro-
phy. IV benzylpenicillin for 10 days (as specifi ed above) is 
just as effective. Infants born to mothers who have been 
fully treated for syphilis (1.8 grams, or 2.4 mega- units, of 
benzathine benzylpenicillin) at least 4 weeks before birth 
need no further treatment after birth.

Zidovudine
See Section 2.8.C and national protocols for the latest 
advice on the use of Zidovudine in the prevention of mother- 
to- child transmission of HIV infection.

TABLE 3.4.1 Antibiotics and other drugs for use in the neonatal period

Drug Route Single dose Frequency Postnatal age Gestation

Ampicillin IV, IM 50–100 mg/kg 12 hourly < 7 days Any

50–100 mg/kg 8 hourly 7–21 days Any

50–100 mg/kg 6 hourly > 21 days Any

Reduce dose frequency in severe renal impairment and birth asphyxia
Use higher doses in case of suspected Group B strep infection or meningitis
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Drug Route Single dose Frequency Postnatal age Gestation

Benzyl Penicillin IV, IM 25–50 mg/kg 12 hourly < 7 days Any

25–50 mg/kg 8 hourly 7–21 days Any

25–50 mg/kg 6 hourly > 21 days Any

Reduce dose frequency in severe renal impairment and birth asphyxia

Cefotaxime IV, IM 50 mg/kg 12 hourly < 7 days Any

50 mg/kg 8 hourly > 7 days Any

Reduce dose by 50% in severe renal impairment

Ceftazidime IV, IM 50 mg/kg 12 hourly < 7 days Any

50 mg/kg 8 hourly > 7 days Any

Reduce dose interval to 24 hours in severe renal impairment

Ceftriaxone IV, IM 50 mg/kg 24 hourly Any Any

Avoid in infants < 36 weeks’ gestation or if jaundiced. Follow special IM preparation instructions

Chloramphenicol IV, IM 12.5 mg/kg 12 hourly < 7 days

12.5 mg/kg 8 hourly > 7 days

There is a serious risk of death from liver failure if the dose suggested is exceeded
Oral dosing can be used to complete any course of treatment

Clonazepam IV infusion 100 micrograms/kg (loading dose)

10–30 micrograms/kg/
hour

Not for > 3 days Not for > 3 days

Up to 200 micrograms/kg/24 hours may be required in fi rst 48 hours
Use slow IV over 20 minutes
Caution: respiratory depression and increased pulmonary secretions particularly if accumulation occurs
If not ventilated use lower does because of respiratory depression

Cloxacillin IV, IM 50 mg/kg 12 hourly < 7 days Any

50 mg/kg 8 hourly > 7 days Any

Double the dose in severe infection and if CNS is involved
Increase dose interval to 24 hours in severe renal impairment

Erythromycin PO 12.5 mg/kg 6 hourly

There is no satisfactory IM preparation

Gentamicin IV 5 mg/kg 48 hourly < 7 days < 29 weeks

4 mg/kg 36 hourly > 7 days < 29 weeks

4 mg/kg 36 hourly < 7 days 30–33 weeks

4 mg/kg 24 hourly > 7 days 30–33 weeks

4 mg/kg 24 hourly < 7 days > 34 weeks

4 mg/kg 24 hourly > 7 days > 34 weeks

Trough and peak levels are not needed

Isoniazid See Section 6.1.N for details on its use.

Metronidazole IV, PO 5 mg/kg (loading dose)

7.5 mg/kg 12 hourly < 28 days

7.5 mg/kg 8 hourly > 28 days

Infuse over 30 minutes
Injection solutions can be given rectally

(continued )
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Drug Route Single dose Frequency Postnatal age Gestation

Miconazole Oral gel 6 hourly

Skin ointment 6 hourly

This controls infection with Candida (‘thrush’) better than topical nystatin
Use for at least 7–10 days

0.5% Aqueous 
Gentian violet

Apply Once daily for 
4 days

Oral nystatin 
drops

PO 1 mL 6 hourly

Can be used to reduce heavy intestinal tract carriage

Nevirapine See Section 2.8.C for details on its use.

Paraldehyde Rectal 0.2 to 4 mL/kg (loading dose)

Can repeat once 4–5 hours later

Use injection rectally or ready-diluted rectal solution
Dilution with an equal volume of olive oil or any edible oil
If using a plastic syringe administer immediately
IM injections may cause sterile abscessed (maximum 1 mL at one site)

Phenobarbitone IV, IM, PO 20 mg/kg (loading dose) followed by maintenance 12–24 
hours later

Slow IV over 5 minutes. Loading dose may be repeated by at 10 mg/kg if clinically indicated

3–5 mg/kg/24 hours Once daily Once daily generally but with time 
may need to be give 12 hourly

Monitor plasma levels
Therapeutic range: 15–30 mg/L although increasing up to 40 mg/L should be considered in resistant seizures

Phenytoin IV, PO 15–20 mg/kg (loading dose)

Give IV infusion over 20–30 minutes diluted in 10 mL of normal saline

1.5–3 mg/kg 12 hourly

Slow IV over 20–30 minutes
Usual maximum dose 7.5 mg/kg 12 hourly
Therapeutic range 5–17 mg/L

Oral dose is poorly absorbed particularly in premature infants
Wide variation in levels, so monitor and adjust dose and interval accordingly
Measure trough level. May not reach steady state for up to 14 days

Procaine 
penicillin

IM 10 mg/kg Single dose

Give to asymptomatic babies born to mothers with evidence of untreated syphilis

100 mg/kg Once daily

Babies thought to be infected at birth are often give once daily for 10 days
Never give this drug IV
Rarely repeated IM injections can cause a sterile abscess with subsequent muscle fi brosis and atrophy
Alternatively
IM or IV benzylpenicillin for 10 day (as specifi ed above) is just as effective
Babies born to mother fully treated for syphilis need not further treatment after birth

(Maternal treatment = 1.8 grams or 2.4 mega units of benzathine benzylpenicillin at least 4 weeks before birth

Zidovidine See Section 2.8.C for details on its use.

Polycythaemia
This potentially harmful condition occurs in up to 4% of 
births and risk factors are: being both small or large for 
gestational age or wasted, born to mothers with diabetes 
and being one of a multiple birth. Milking of the umbilical 
cord at birth, by increasing the amount of blood transferred 
into the baby, can also produce this condition.

Polycythaemia is defined as a venous haematocrit 
> 65% or Hb > 22 g/dL. Capillary samples can have higher 
haematocrit and if > 65% should be confi rmed by venous 
sample. 

Screen high risk babies at 2, 12 and 24 hours by capil-
lary blood measurement of PCV and then if > 65% confi rm 
by venous sample.
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Above a PVC of 65%, the viscosity of blood increases 
exponentially and can produce dangerously reduced capil-
lary perfusion in many organs which, when most severe, 
can produce cerebral, renal or mesenteric vein thrombosis.

Clinical presentation 
The baby can be hypotonic, drowsy, have poor sucking, be 
irritable, jittery and, when severe, have convulsions. These 
are important danger signs.

There may also be jaundice, hypoglycaemia, and hypoc-
alcaemia. With a high PCV the blood glucose reading may 
be falsely low with a normal serum glucose. 

Management
First exclude dehydration and if present treat by supervised 
feeding and if necessary increased enteral or even IV fl uids. 
The best way to check for dehydration is to weigh the baby 
and compare weight with that at birth. Normally babies lose 
5–7% of their body weight in the fi rst 3–4 days and regain 
their birth weight level by 10–14 days. If the baby’s weight 
at 24 hours of age has dropped by 5% or more from the 
birth weight then dehydration is present.

Check blood glucose and bilirubin levels and treat 
appropriately (see below).

If venous PCV is 65–70% and no signs, bilirubin is below 
phototherapy levels, and no hypoglycaemia is present 
treat conservatively by regular examination for the signs 
described above, ensure adequate fl uid intake by direct 
observation of feeding and regular accurate weighing before 
and after feeds. 

If venous PCV is 70–75% and there are no danger signs, 
treat polycythaemia by giving additional fl uid of 20 mL/kg 
per day enterally or IV. Also treat jaundice with phototherapy 
and hypoglycaemia with glucose, if necessary IV.

If PCV is > 75% or there are any danger signs as 
described above then partial exchange transfusion (PET) 
should be undertaken urgently.

PET involves the exchange of 20 mL/kg by repeatedly 
taking off aliquots of blood of up to 5 mL at a time and 
replacing IV with equal volumes of Ringer- Lactate or 0.9% 
saline. Ideally blood will be taken from a peripheral vein 
but, if this is not possible, either use an umbilical venous 
catheter placed aseptically or a peripheral arterial cannula. 
At the end of the procedure, re- check the PCV, Hb, bilirubin 
and blood glucose levels (ideally also blood calcium value).

Continue to monitor the clinical state of the baby and 
the PCV until it is shown to fall below 60%. Re- check blood 
glucose and bilirubin levels as appropriate.

Respiratory disorders
Features of respiratory distress in the 
newborn
These include the following:

 O tachypnoea (respiratory rate > 60 breaths/minute) 
 O recession of the chest wall and sternum
 O expiratory grunting
 O nasal fl aring
 O prolonged apnoea (lasting for more than 20 seconds) 

or intermittent shorter apnoea with cyanosis or severe 
falls in oxygen concentration (< 90%)

 O gasping
 O tachycardia
 O SaO2 < 92% in air

 O cyanosis is a relatively late presentation of a respiratory 
or cardiac cause.

These signs are relatively non- specifi c, arising from condi-
tions that affect the respiratory system, as well as from 
cardiac, neurological and metabolic abnormalities. 

Cardinal signs that characterise distress 
due to respiratory disorders

 O Central cyanosis in room air.
 O Tachypnoea: respiratory rate > 60 breaths/minute 

(always measure over at least 1 minute, as the infant’s 
breathing may be irregular).

 O Retractions (recessions): tugging of the soft tissues 
between the ribs or at the edges of the rib cage. 

 O Grunting: a prolonged expiratory effort, usually with an 
audible noise. 

Two of these signs are suffi cient to make the diagnosis. 
Cyanosis may not be present, especially if the infant is 
receiving oxygen.

If pulse oximetry is available, the SaO2 in infants with 
respiratory impairment will usually be less than 92% in air 
(often less than 90% in more severe cases).

Causes of early respiratory distress
‘Early’ respiratory distress (presenting in the fi rst 12 hours 
of life) may result from a number of causes, including the 
following:

 O ‘transient tachypnoea of the newborn’ associated 
with a delay in clearing of fetal lung fl uid

 O congenital pneumonia or sepsis (e.g. group B strep-
tococcus sepsis)

 O surfactant defi ciency (hyaline membrane disease or 
respiratory distress syndrome)

 O pneumothorax
 O meconium aspiration
 O congenital abnormalities of the lung or airways (includ-

ing diaphragmatic hernia)
 O hypothermia.

Maternal fever during labour and prolonged rupture of 
the membranes (more than 18 hours) particularly point to 
pneumonia or sepsis. Pneumonia may also be due to 
congenital syphilis. Pneumothorax should be considered 
if the infant has been resuscitated using positive- pressure 
ventilation (although it has also been described as occur-
ring spontaneously in about 1% of normal term infants). 
Transient tachypnoea is more common among infants 
delivered by elective Caesarean section (in the absence of 
spontaneous labour). Surfactant defi ciency and infection 
are the most likely causes in preterm infants.

Congenital heart disease does not usually cause early 
respiratory distress. Cyanosis/severe hypoxaemia is the 
more likely presentation (see Section 5.4.A). 

Respiratory distress associated with heart failure nor-
mally occurs after the fi rst week of life, in association with 
tachycardia, pallor, sweating, hepatomegaly and excessive 
weight gain.
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Causes of respiratory distress in the 
newborn 
Common causes

 O Lack of surfactant causing respiratory distress syndrome 
in the preterm infant. 

 O Infection acquired before or during delivery.
 O Transient tachypnoea of the newborn (wet lung).

Less common causes
 O Meconium aspiration.
 O Persistent pulmonary hypertension of the newborn.
 O Pneumothorax.

Rare causes
 O Pulmonary hypoplasia.
 O Congenital abnormalities (e.g. diaphragmatic hernia, 

choanal atresia, tracheo- oesophageal fi stula).
 O Pulmonary haemorrhage.
 O Metabolic causes (inborn error of metabolism).

Non- respiratory causes
 O Congenital heart disease.
 O Hypothermia.
 O Severe anaemia.

Principles of treatment of respiratory 
diseases of the newborn

 O Ensure that the airway is open and that it remains so. 
Thick secretions from the throat may be cleared by 
intermittent suction using direct observation

 O Ensure that the infant is breathing. If the infant is 
apnoeic, gasping or has a very slow respiratory rate, 
use chest infl ations with a bag valve mask to re- establish 
breathing.

 O The infant should be offered enough supplemental oxy-
gen to treat any degree of central cyanosis and ideally 
to keep SaO2 in the normal range (86–92% in preterm 
and 92–96% in term infants). It should never be in the 
hyperoxic range (above 96%), especially in a preterm 
infant who is receiving additional inspired oxygen. 

 — Oxygen should be given either with an oxygen con-
centrator or from cylinders. An oxygen supply must 
be available at all times in areas where newborn 
infants are treated. 

 — Pulse oximetry should be employed (if available) to 
assess initial disease severity, to monitor subsequent 
progress, and to ensure that such supplies of oxygen 
as are available are optimally used. Wind- up versions 
of pulse oximeters are available (www.PET.org.za).

 — Tents and incubators are not an effi cient way of giving 
oxygen. Giving oxygen into a clear plastic hood (head 
box) placed over the head stops the oxygen supply 
from dropping every time a tent or incubator door 
is opened. Oxygen is an expensive resource and 
must not be wasted by giving it into incubators.

 — Nasal cannulae optimise the effi cient use of the 
available oxygen supply. They prevent wasting of 
oxygen, and also make it very much easier to move 
and handle the infant without disrupting the supply. 
However, they make it rather more diffi cult to quantify 
how much oxygen is needed to control cyanosis.

 O Infants should ideally have their actual oxygen needs 
monitored and adjusted at regular intervals. 

 — Measuring the inspired oxygen concentration needed 
is one way of assessing the infant’s changing condi-
tion. This can be done using a combination of a pulse 
oximeter with an inspired oxygen monitor placed in a 
head box next to the infant’s face. 

 — A simpler alternative for achieving this objective 
involves titrating the oxygen fl ow to maintain satu-
ration on the pulse oximeter in the range 92–96% 
for term infants and lower, at 86–92%, for preterm 
infants, as described earlier. 

 O Keeping the infant fully clothed with a pulse oximeter 
attached makes it possible to dispense with any other 
monitoring of pulse and respiration, thus keeping the 
infant warm with minimal handling.

 O If assisted ventilation is available and there is very severe 
respiratory failure, an arterial or capillary blood gas 
measurement can be helpful for determining the severity 
of respiratory acidosis and the need for ventilator sup-
port such as nasal continuous positive airway pressure 
(nCPAP) or intubation and ventilation.

 O Infants with serious respiratory distress should not be 
offered feeds until their condition has stabilised. Support 
expression of milk by the mother so that she is ready 
to provide breast milk when her infant has recovered. 
In such situations, IV infusion of 10% glucose (60 mL/
kg/day) is safest. If there are no facilities for IV infusion, 
breast milk or 10% glucose may be given in limited 
quantities (up to 60 mL/kg/day) by orogastric tube. 
Nasogastric tubes may contribute to upper airway 
resistance, so an orogastric tube is preferred in 
infants with respiratory distress, although it is more 
diffi cult to keep in place, so compromise may some-
times be necessary.

 O Infants less than 2 days old should be started on an IV 
infusion of 10% dextrose at 60–90 mL/kg/24 hours. For 
infants more than 3 days old sodium chloride should be 
added to 10% dextrose to provide 2–3 mmol/kg/day 
and used at the age- appropriate giving rates (see fl uid 
management section on p. 347). It is recommended 
that in neonates it is best to use a paediatric burette 
(chamber) where 1 mL = 60 micro- drops (1 drop/minute 
= 1 mL/hour). Caution: A standard infusion set gives 
20 drops/mL and can lead to dangerous fl uid over-
load if it is not carefully controlled.

 O Give antibiotics IV or IM (the IV route is preferable) at 
least for the fi rst 48 hours in all infants with respiratory 
distress, as bacterial infection is a likely reason for the 
infant’s respiratory problems. Take blood for culture 
fi rst wherever possible. Antibiotics can be stopped if 
the blood culture results are negative and the infant is 
well after 72 hours.

 O In order to gain further insight into the probable cause 
of the problem, a portable chest X- ray machine (if avail-
able) can be useful.

 O Take stringent steps to prevent nosocomial cross- 
infection within the unit. This can be a particular problem 
not only with some bacterial infections (e.g. E. coli, 
Klebsiella), but also with some troublesome viral infec-
tions (e.g. respiratory syncytial virus, RSV) that are more 
commonly seen later in the fi rst month of life.
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Management issues in specifi c 
respiratory conditions
Primary surfactant defi ciency (respiratory 
distress syndrome (RDS), or hyaline 
membrane disease)
The principles of treating IRDS are as follows:
1 Minimal handling of the infant.
2 Supplementary oxygen.
3 IV fl uids.
4 No oral feeding.
5 Continuous positive airways pressure (CPAP). 
6 Avoidance of hypothermia.

 O Surfactant defi ciency is by far the commonest cause of 
respiratory distress in a preterm infant in the fi rst 3 days 
of life. It is a self- limiting condition, because birth always 
triggers a gradual increase in surfactant production. 
The challenge therefore is to support the infant for the 
fi rst 2–3 days (72 hours) of life without doing further 
damage to the lung, until such time as the defi ciency 
resolves itself.

 O The key features of RDS (cyanosis, an expiratory ‘grunt’, 
tachypnoea, and intercostal and/or subcostal reces-
sion) become clinically obvious within 4 hours of birth. 
Supplemental oxygen, minimal handling and IV fl uid, 
keeping the infant ‘nil by mouth’, have been the stand-
ard ingredients of care for the last 50 years. Elective 
surfactant administration (which is expensive) and ven-
tilation (which is complex) have become the standard 
approach to management in the last 20 years. However, 
it is now becoming clear that the very small infant can 
pay a high price for chronic tracheal intubation, which 
by interrupting ciliary fl ow can interfere with the way 
that necrotic material is normally cleared from the lung.

 O Most infants will manage well for themselves as long as 
they are offered help in preventing the lung from clos-
ing down and becoming airless for the 72- hour period 
it takes for the surfactant production to ‘switch on’. 
The expiratory grunt that is a characteristic feature of 
this condition is the infant’s own method of sustaining 

positive end- expiratory pressure (PEEP) and holding 
the alveoli open. Making the infant breathe against a 
constant positive airway pressure gradient achieves 
the same result. By applying this pressure at the nose 
(nasal CPAP), the complications associated with tracheal 
intubation can often be avoided.

 O To be maximally effective, we now know that CPAP 
should be applied as soon as there is any evidence of 
respiratory distress in a preterm infant. CPAP given via 
paired short cannulae or a specially made nasal mask is 
probably best, as it minimises airway resistance.

FIGURE 3.4.2 Nasal continuous positive airway pressure (CPAP) 
equipment in place.

Even though the 3- mm nasal cannulae that are normally 
used to provide supplemental oxygen can provide some 
CPAP, especially when higher fl ow rates are applied (6–8 
litres/minute), there is a need for an air–oxygen blender to 
ensure that excessive and harmfully high concentrations 
of oxygen are not given. Humidifi cation of the air–oxygen 
mixture is also required. Purpose- built CPAP systems 
with special nasal cannulae are better able to provide 
pressures of 5–8 cmH2O (a system specially designed for 
resource- limited settings based on an oxygen concentra-
tor has recently become available: www.diamedica.co.uk). 
In general, all that is then required is a controlled fl ow of 
blended humidifi ed air and oxygen with a simple device 
for producing controlled adjustable CPAP. Regular nursing 
attention is necessary to make sure that the nasal cannu-
lae remain correctly positioned and do not cause necrotic 
pressure damage to the nose. This is a skill that does not 
take long to acquire.

Transient tachypnoea of the newborn
This is almost indistinguishable from RDS. However, unlike 
RDS, the signs do not progress with time in the hours 
after birth. Most of these infants are born at or near term. 
All are tachypnoeic, and a few are obviously cyanosed for 
6–12 hours after birth. The condition seems to be caused 
by a delay in clearing lung fl uid after birth. All of these infants 
will recover on their own so long as handling is kept to a 
minimum and they are not fed until their respiratory signs 

FIGURE 3.4.1 Nasal continuous positive airway pressure (CPAP) 
nasal prongs.
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have subsided. Some need supplemental oxygen, but few 
need it for more than 72 hours. The condition appears to 
be more common after Caesarean section.

Aspiration pneumonia
Aspiration of particulate matter can occasionally almost 
completely block the trachea. More commonly it can also 
cause a chemical pneumonitis. Meconium can be par-
ticularly irritant in this regard, making the term infant very 
oxygen dependent for the best part of a week. Aspiration 
of particulate matter may also trigger persistent fetal 
circulation (see below). 

Contrary to the fi ndings of some studies originating from 
well- resourced centres in the developed world, suctioning 
meconium- stained infants during deliveries as soon as the 
head is on the perineum has made a dramatic difference 
to the risk of meconium aspiration syndrome in India and 
South Africa.

Nevertheless, with minimal handling, IV fl uid and sup-
plemental oxygen, most of these infants can be expected to 
make a complete recovery provided that there has been no 
associated hypoxic cerebral damage. Providing unneces-
sary respiratory support may actually make matters worse 
by increasing the risk of pneumothorax. Antibiotics should 
probably be given until it is clear that there is no associated 
bacterial infection.

Aspiration after birth can cause a similar picture. Milk 
can block the trachea, but it seldom causes much of an 
infl ammatory reaction. However, gastric acid can be much 
more damaging. Recurrent minor unrecognised refl ux and 
aspiration is probably more common than a single mas-
sive episode of aspiration, and it can certainly over time 
render the infant quite oxygen dependent. Infants who are 
hypotonic and have a poor cough refl ex or repeated apnoea 
are probably at particular risk in this regard. Aspiration is 
common after an apnoeic event.

Bacterial pneumonia
This should be managed as outlined in the section on 
suspected infection, remembering that there may be sep-
ticaemia as well as pneumonia.

Persistent fetal circulation 
 O This is relatively common in resource- limited countries, 

and is a potentially life- threatening condition leading to 
poor lung perfusion after birth. It may complicate fetal 
hypoxia, meconium aspiration, early bacterial pneumo-
nia, diaphragmatic hernia, respiratory distress syndrome 
or (very occasionally) be a primary disorder. 

 O After birth the pressure in the pulmonary vessels remains 
high, so that the normal fall in pressure in the right atrium, 
right ventricle and pulmonary arteries does not occur. As 
a result of this, the blood fl ows via the fetal circulation 
(i.e. the foramen ovale and ductus arteriosus) from the 
right side of the heart to the left. This blood has not been 
oxygenated, so the infant soon becomes cyanosed. It 
is diffi cult to differentiate this from a congenital cardiac 
malformation. Serious cyanosis in an infant with a well- 
aerated lung on chest X- ray and progressive acidosis 
can cause rapid self- perpetuating cyclical deterioration.

 O The treatment in the fi rst instance is oxygenation, mini-
mal handling, IV fl uids and avoidance of oral feeds. 
Metabolic acidosis should be vigorously and rapidly 
corrected or even over- corrected. Drugs that cause 

pulmonary vasodilation, such as sildenafi l or magnesium 
sulphate, have been used to some effect. However, 
they can lead to serious hypotension and should be 
used very selectively in a controlled environment in 
specialised centres.

 O Survival is more likely in a unit that is capable of providing 
sustained respiratory support, and early transfer should 
be considered when possible. 

Pneumothorax
This is present more frequently than expected, and may 
occur spontaneously in up to 1–2% of infants. It is often 
asymptomatic, and may be associated with meconium 
aspiration, too high inflation pressures used during 
mechanical ventilation or resuscitation, and respiratory 
distress syndrome. It does not automatically need to be 
treated, unless there is progressive respiratory distress. 
Confi rmation by chest X- ray (if available) is often too time- 
consuming, especially in the case of a rapidly developing 
tension pneumothorax. It may be possible to diagnose a 
pneumothorax clinically by simple observations. The abdo-
men is often distended by downward displacement of the 
liver and spleen. The breath sounds may be reduced on 
the affected side. A hyper- resonant chest with medi-
astinal shift (trachea deviated away from the side of 
the suspected pneumothorax) and rapidly deteriorat-
ing clinical condition with severe hypoxaemia and/or 
cardiovascular compromise (bradycardia, hypoten-
sion) strongly suggests a tension pneumothorax. This 
requires an immediate needle thoracocentesis followed 
(if this results in an immediate improvement in respira-
tory and cardiovascular function) by the insertion of a 
chest drain into the fourth or fi fth intercostal space in 
the mid to anterior axillary line (see Section 8.3). In an 
emergency situation with a rapidly deteriorating cardiac 
and respiratory function, this must be done without 
prior X- ray confi rmation. Transillumination can be use-
ful if a ‘cold light’ (fi bre- optic light source) is available (the 
affected side may glow brightly).

A pneumothorax that does not result in severe respira-
tory distress, and is not under tension, may spontaneously 
resolve without mechanical removal of the pleural air, but 
oxygen and careful monitoring are required.

Lung hypoplasia due to oligohydramnios
Chronic loss of liquor for many days before birth can occa-
sionally impede lung growth enough to threaten survival, but 
what looks like a serious problem at delivery can occasion-
ally resolve quite rapidly after 1–2 days. However, where 
the oligohydramnios is due to bilateral renal agenesis or 
dysplasia, the prognosis for survival is very poor. The stiff-
ness of the small malformed lungs in these cases causes 
marked intercostal and subcostal recession with unreliev-
able cyanosis. Chest X- ray will often reveal an untreatable 
pre- terminal pneumothorax. The infant’s face may appear 
fl attened and there may be limited extension of the elbows 
and knees due to oligohydramnios.

Congenital malformations
The most common congenital defect causing respiratory 
distress soon after birth is diaphragmatic hernia. This 
occurs in 1 in 4000 births, and more commonly affects the 
left side. Clinical examination reveals respiratory distress, 
and reduced air entry on the affected side with a displaced 
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apex beat and scaphoid abdomen. The chest X- ray is diag-
nostic. It used to be thought that early surgery improved 
the likelihood of survival, but it is now known that this is not 
the case. Therefore immediate transfer does not have to be 
considered until the child’s initial respiratory problems have 
stabilised. During the interim period, an IV line and open 
nasogastric tube should be in place to keep the gut empty 
of gas, and feeding should be withheld. Restricted lung 
growth means that only about 50% of these infants have 
any chance of survival. Use a headbox rather than nasal 
cannula oxygen, and place an open nasogastric tube to pre-
vent bowel distension, which makes the condition worse.

Management of diaphragmatic hernia
This includes the following:

 O oxygen supplements 
 O minimal handling 
 O IV fl uids and withholding of oral feeds
 O a nasogastric tube to keep the stomach empty
 O stabilisation of respiration with mechanical ventilation fol-

lowing intubation or continuous negative extra- thoracic 
pressure (CNEP) can be helpful if available

 O transfer to surgical care if the infant responds to 
treatment.

A number of rare generalised skeletal abnormalities that 
affect rib growth also cause severe untreatable lung 
hypoplasia.

Congenital heart disease can occasionally cause overt 
cyanosis from birth, but there are seldom any associated 
signs of respiratory distress (see Section 5.4.A).

Apnoeic/hypoxaemic episodes
Apnoea is the cessation of respiration or a hypoxaemic 
event associated with signs of cardiorespiratory decompen-
sation (bradycardia, cyanosis and pallor). Apnoeic episodes 
are common in preterm infants under 32 weeks’ gestation 
(‘apnoea of prematurity’). In term infants, apnoea usually 
signifi es an underlying pathological condition.

Apnoea of prematurity
This is often characterised by a brief cessation of respiration 
that responds to gentle tactile stimulation, and may vary 
signifi cantly in duration and severity, especially in very- 
low- birth- weight infants. Sometimes, isolated bradycardia 
with brief oxygen desaturation events is identifi ed without 
a clinically apparent apnoea. The aetiology of apnoea of 
prematurity is often a mixture of impaired central nervous 
system respiratory control (‘central apnoea’), intrapulmo-
nary shunting and upper airway obstruction. Sometimes 
recurrent apnoea is associated with gastro- oesophageal 
refl ux, particularly in neurologically compromised infants 
with poor airway- protective refl exes. Oral theophylline or 
caffeine, by its effect on the respiratory centre, may reduce 
or even eliminate the severity and frequency of apnoeic 
events. Caffeine has become the preferred methylxanthine 
by some neonatologists, because it has a long half- life 
(allowing once daily dosing), fewer side effects and serum 
levels do not have to be monitored. Continuous positive 
airway pressure (CPAP) or rarely mechanical ventilation may 
become necessary to control recurrent apnoea.

The diagnosis of ‘apnoea of prematurity’ is one of exclu-
sion, as various other processes may cause or exacerbate 

apnoea. In the case of a preterm infant, these include the 
following:

 O respiratory distress (surfactant defi ciency, pneumo-
nia, pulmonary oedema due to a persistent ductus 
arteriosus)

 O intraventricular haemorrhage
 O hypoglycaemia
 O over- heating or hypothermia
 O sepsis
 O severe anaemia may also contribute to apnoea.

Pulmonary parenchymal disease
Any condition that causes decreased lung compliance 
or impaired gas exchange can contribute to apnoea. 
Appropriate pulmonary support should be provided for 
adequate gas exchange, and the underlying pulmonary 
condition should be treated.

Airway obstruction
This may result from simple malpositioning of the head (e.g. 
hyper- fl exion or hyper- extension of the neck), especially 
in preterm infants. Congenital airway anomalies such as 
tracheo- oesophageal fi stula or an aberrant thoracic blood 
vessel compressing the trachea (vascular sling) may also 
present as apnoea. Maintaining proper head positioning 
or surgical correction of the underlying anomaly should 
be provided.

Infection 
Infection must always be excluded and antibiotics admin-
istered until infection has been ruled out by subsequent 
clinical fi ndings and laboratory results (complete blood 
counts, chest X- ray, blood cultures, etc.).

Convulsions (see below)
Convulsions may present primarily as apnoea. This pos-
sibility should be considered especially in term or near- term 
infants with no other identifi able cause of apnoea. In such 
cases there may be a poor response to positive pressure 
ventilation. Convulsions in the fi rst 1 to 3 postnatal days 
are usually due to intrapartum hypoxia. If there is a history 
of an operative vaginal delivery (e.g. forceps) or other birth 
trauma, this may indicate the possibility of an intracranial 
haemorrhage.

Maternal medication
A common cause of apnoea in the newborn can be intra-
partum morphine or pethidine administration for maternal 
pain or sedation during the last 4 hours before delivery. The 
effects can be reversed by administering naloxone hydro-
chloride (100 micrograms/kg, usually given IM). Naloxone 
should not be given if there is a history of drug abuse with 
narcotics in pregnancy, as acute neonatal narcotic with-
drawal may be precipitated (see Section 3.3).

Exposure to high levels of magnesium sulphate has also 
been associated with apnoea in the immediate postnatal 
period. This is usually a self- limiting process that very rarely 
requires mechanical ventilation. 

Continuous monitoring, preferably with a pulse oximeter, 
is needed especially if the infant becomes bradycardic or 
cyanosed with the apnoea.
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Treatment
 O Gentle stimulation is usually all that is required to start 

the infant breathing again. 
 O Bag- and- mask resuscitation may occasionally be called 

for, and there should always be equipment immediately 
available and ready to use (not locked away in a cup-
board) should this be necessary.

 O If available, oral caffeine may reduce the number of 
episodes in a preterm infant. Caffeine seldom causes 
the tachycardia and other side effects associated with 

theophylline. It is advisable to continue caffeine for 
4–5 days after cessation of apnoea. Recurrent apnoea 
that does not respond to caffeine occasionally requires 
a period of nasal CPAP or mechanical ventilation.

 O If an apnoea monitor is available it can be used, but a 
pulse oximeter with the alarm turned on for hypoxaemia 
is much safer, as apnoea (absent ventilation) can occur 
despite continued breathing movements. This will also 
identify any baseline low oxygen saturation which, when 
treated, may help to prevent apnoea. 

TABLE 3.4.2 Caffeine doses for apnoea of prematurity given intravenously or orally

Preparations Each dose Dose frequency Notes on administration

Caffeine citrate 20 mg/kg Loading dose If oral dose is too large, divide into two 
and give 1 hour apart5–8 mg/kg maintenance Once daily

Caffeine base 10 mg/kg Loading dose Give IV loading dose over 30–60 minutes 
diluted as much as possible2.5–4 mg/kg maintenance Once daily

Haemorrhage in the neonate
Causes of haemorrhage
An infant’s blood volume approximates 80 mL/kg of body 
weight. Peripartum haemorrhage of relatively small amounts 
of blood can therefore result in hypovolaemic shock in the 
newborn. Common causes may include a slipped ligature 
on the umbilical cord, intrauterine feto–maternal haemor-
rhage (diagnosed by the Kleihauer–Betke test), or subgaleal 
haemorrhage. Vasa praevia or an accidental incision of the 
placenta during Caesarean section are other causes. 

The Kleihauer–Betke test is a blood test used to meas-
ure the amount of fetal haemoglobin transferred from the 
fetus to the mother’s bloodstream. It is usually performed 
on Rhesus- negative mothers to determine the dose of 
Rho(D) immune globulin needed to inhibit the formation 
of Rh antibodies in the mother and prevent Rh disease in 
future Rh- positive children. It is also the standard method 
of quantitating feto–maternal haemorrhage.

The test exploits the differential resistance of fetal hae-
moglobin to acid. A standard blood smear prepared from 
the mother’s blood is exposed to an acid bath. This removes 
adult haemoglobin, but not fetal haemoglobin, from the 
red blood cells. Subsequent staining makes fetal cells 
(containing fetal haemoglobin) appear rose- pink in colour, 
whereas adult red blood cells are only seen as ‘ghosts’. 
The percentage of fetal to maternal cells is calculated under 
a microscope.

Bleeding in the fi rst week of life is uncommon, but may 
signify haemorrhagic disease of the newborn or clotting 
factor defi ciency.

Presenting features
The infant will appear pale with weak peripheral pulses, 
tachypnoea and a tachycardia that may exceed 200 beats/
minute. Blood pressure may be low or undetectable even 
in a term infant but is very diffi cult to measure in neonates. 
The haematocrit and haemoglobin concentration may 
be normal in an infant with acute hypovolaemic shock, 
and are an unreliable early indicator of the amount of 
blood lost in the fi rst few hours after the bleed. Obvious 
blood loss rarely results in hypovolaemic shock. Common 
sites of blood loss include the umbilical stump and the gas-
trointestinal tract. In the latter case, there may be doubt as 

to whether blood is of maternal origin (blood swallowed at 
delivery or from a bleeding nipple) or infant origin. In some 
cases this can be resolved by the Apt test.

Apt test
Mix 1 part of the blood- containing fl uid (vomitus, gastric 
aspirate or liquid stool) with 5 parts of distilled water. 
Centrifuge it, and then mix 1 mL of the supernatant with 
0.25 mL of 0.25% sodium hydroxide (NaOH). A yellow- 
brown colour signifies maternal blood, whereas fetal 
haemoglobin remains pink. The solution must be pink to 
start with.

Treatment
 O In an emergency in a shocked infant take a blood 

sample for blood grouping and cross- matching. Give 
O Rh- negative or cross-matched blood (20 mL/kg) at a 
rate depending on the degree of shock (usually the fi rst 
10 mL/kg can be safely given over 5 minutes), monitor-
ing the response and reducing the rate of infusion as 
improvement occurs. Sometimes a further 10–20 mL/kg 
of cross- matched blood may be necessary.

 O If O- negative or cross- matched blood is not available, 
use 10–20 mL/kg of 4.5% albumin or Ringer- lactate or 
Hartmann’s solution.

 O If there is overt bleeding, take a blood sample for blood 
grouping and cross- matching, haemoglobin, platelet 
count, film and clotting studies. Then give 1 mg of 
vitamin K (phytomenadione or phytonadione) IV. If bleed-
ing continues, give 20 mL/kg of fresh- frozen plasma (if 
available). Administer platelets if the count is < 60 000/
mm3. Bleeding due to haemorrhagic disease of the 
newborn usually stops within 30 minutes of vitamin K 
administration.

The neonate with jaundice
Many infants become jaundiced for a few days after birth. 
This is because bilirubin released from the breakdown 
of red blood cells has to be excreted by the infant after 
birth. In utero, bilirubin would cross the placenta to reach 
the maternal liver, from where it would be processed and 
eliminated. The neonatal liver takes time to develop normal 
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functioning. The serum bilirubin level usually rises after the 
fi rst 24 hours of life and peaks at 100–300 µmol/litre by 3 
to 5 days after birth. 

Causes of physiological jaundice in the neonatal period 
include the following:

 O increased breakdown of red blood cells in the fi rst few 
days of life

 O reduced lifespan of red blood cells (70 days, compared 
with 120 days in the adult)

 O less effi cient metabolism of bilirubin by the immature 
liver enterohepatic circulation of bilirubin.

‘Physiological jaundice’ is common, affecting at least one- 
third of normal term infants. Jaundice can be considered 
physiological and does not require treatment or investigation 
if the following criteria are met:

 O Jaundice is not present in the fi rst 24 hours of life.
 O The infant is well, and free from signs of infection, without 

enlargement of the liver or spleen.
 O The bilirubin concentration does not exceed 300 µmol/

litre (approximately 17 mg/dL) at any stage (term infants 
only). A much lower acceptable level is set for preterm 
infants.

 O The bilirubin concentration reaches a peak on the fourth 
or fi fth day of life.

 O The jaundice has fully resolved by the end of the second 
week of life.

The risk of jaundice can be reduced by encouraging early 
unrestricted demand breastfeeding. 

There is no evidence whatsoever to support the 
widely held belief that giving extra water for the infant to 
drink either reduces the risk of jaundice or is helpful in 
treatment. In fact the opposite has been shown. Giving 
water is likely to reduce the frequency of breastfeeds 
and increase the risk of jaundice. Dehydration should 
be avoided by encouraging frequent breast feeds.

Assessing the degree of jaundice
Various means of estimating the degree of jaundice make 
it easier to determine which infants really need any inter-
vention. Healthcare professionals can sometimes make a 
rough estimate of the degree of jaundice by looking at the 
skin colour (this is best undertaken in natural daylight), but 
it can only be divided into simple categories such as ‘slight’, 
‘moderate’ or ‘severe’. The face is often the fi rst part of 
the body to show signs of jaundice. The trunk usually only 
becomes yellow as jaundice deepens. Finally, the palms of 
the hands and soles of the feet become jaundiced. These 
observations are just estimates, and sometimes have to 
be confi rmed by other means. Jaundice in the newborn 
infant can be missed in infants with dark skin, but can be 
more easily judged once the skin is blanched free of blood 
by fi nger pressure.

Bilirubin encephalopathy (kernicterus) in the absence 
of overt haemolysis is excessively uncommon in the term 
infant, unless the serum bilirubin level exceeds 425 µmol/
litre.

Note:
 O µmol/litre divided by 17.1 = mg/dL
 O mg/dL multiplied by 17.1 = µmol/litre. 

Several electronic devices have been developed for assess-
ing skin colour, but none have yet been shown to work 

signifi cantly better than the simple ‘icterometer’ devised in 
1960 and still in use. Jaundice is assessed by pressing the 
clear plastic of this simple device against the tip of the nose 
(or against the gums or tongue in a dark- skinned infant, 
where it has been shown to be accurate in a South African 
study), and then matching the colour of the skin against the 
icterometer’s colour scale. Levels in excess of 350 µmol/litre 
are unlikely to be missed if a blood sample is taken once 
the icterometer reads * 3.5. This too little known device, 
which costs only US$39, is still made by Cascade Health 
Care Products of Salem, Oregon, in the USA. Measuring 
the degree of jaundice by this method is of no value once 
phototherapy has been started.

The bilirubin concentration can be most simply and 
accurately measured by simple spectrophotometry of 
serum obtained by centrifuging blood in a capillary tube. 
Several easily operated machines are available. Ward- 
based devices for assessing the bilirubin content of a spun 
micro- haematocrit tube optically are accurate until the level 
exceeds 350 µmol/litre, and are adequate for most clinical 
purposes. If these devices are used, staff should be trained 
in this technique, and the machine should be calibrated daily 
and checked with control specimens of known bilirubin con-
tent. Using dirty tubes (or cuvettes), haemolysed or lipaemic 
samples can produce signifi cant errors. Use plastic tubes, 
not glass ones, to avoid HIV infection if the tubes break.

The accurate measurement of values in excess of 350 
µmol/litre is only possible in a biochemistry laboratory. A 
laboratory spectrophotometer reading is needed before 
initiating an exchange transfusion.

Direct or conjugated bilirubin presents no threat to 
the brain. It only accounts for a small fraction of the total 
serum bilirubin level in the fi rst week of life. Decisions about 
treatment should therefore be based on the total serum 
bilirubin level, remembering that even laboratory estimates 
have limited precision. 

Collecting blood
 O Only a small amount of blood is needed to check the 

bilirubin level. Although described as a heel prick, stick-
ing a needle into the heel runs a high risk of entering 
the underlying bone, and can lead to osteomyelitis, so 
should be avoided.

 O It is safe to take blood from any part of the back third 
of the foot.

Try to use a disposable 2.4- mm blood lance, but never 
use the same lance for more than one infant, because of 
the risk of transmitting hepatitis or HIV infection. It is not 
necessary or appropriate to try to sterilise the skin fi rst, so 
long as it is clean. A spring- loaded lance does seem to 
render the procedure less painful. The infant will also show 
fewer signs of distress if held or given something to suck 
during the procedure.

Grip the foot fi rmly enough to make it go red but not 
white. Stab the back of the foot just once and then squeeze 
gently and intermittently to stimulate blood fl ow. The use of 
a standard lance should optimise blood collection because 
it helps to ensure that the skin is punctured to a standard 
depth. A shallower prick is unlikely to reduce the pain 
infl icted because it will almost certainly prolong the proce-
dure. A double puncture may help if a lot of blood is needed. 
Slight fi nger pressure exerted through a cotton ball on the 
site for about a minute is usually enough to stop any further 
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bleeding after the procedure is over. The healthcare worker 
should be careful not to prick their own fi nger.

FIGURE 3.4.3 Unsuitable (top) and suitable (bottom) positions from 
which to obtain capillary blood from the foot of a neonate.

Biliary atresia
In prolonged jaundice (jaundice persisting beyond 14 days 
of age), it is important to determine not only the total biliru-
bin concentration but also the proportion of conjugated 
bilirubin. Conjugated bilirubin is not neurotoxic, but its pres-
ence signifi es the presence of biliary obstruction attributable 
to potentially serious conditions such as neonatal hepatitis 
or biliary atresia. 

The history can be informative if laboratory investigations 
are not available. The presence of pale unpigmented stools 
or dark urine would be suggestive of biliary obstruction. 
Urine can also be tested with a reagent strip for bilirubin (if 
positive for bilirubin, the diagnosis of biliary obstruction is 
supported, provided that the infant is not receiving photo-
therapy when unconjugated bilirubin appears in the urine).

It is important to identify biliary atresia promptly, as 
operative intervention is more likely to be successful if 
undertaken within 8 weeks of birth. Even mild jaundice 
merits review if the stool becomes grey or putty coloured 
rather than yellow or green. Similarly, in the absence of a 
neonatal screening programme (a situation that is prevalent 
in the majority of resource- limited countries), it is important 
that congenital hypothyroidism and glucose- 6- phosphate 
dehydrogenase (G6PD) defi ciency are identifi ed. This can 
be done by tests including T4, TSH, G6PD assay, bilirubin 
(total and direct), complete blood picture and reticulocyte 
count.

Breast milk jaundice
Around 10% of breastfed infants are still slightly jaundiced 
1 month after birth. Laboratory investigations seldom 
reveal anything that needs treatment, and the infant is 
otherwise well. This scenario may be suggestive of breast 
milk jaundice. However, it is important that other common 
causes, including congenital biliary atresia, hypothyroidism 
and G6PD defi ciency, are ruled out. Remember that breast 
milk jaundice is a diagnosis of exclusion.

Ill infants with continuing jaundice should be given a 
prophylactic 1 mg IM injection of vitamin K if it is not clear 
that they received such an injection at birth, to minimise the 
risk of potentially fatal late vitamin K defi ciency bleeding.

Pathological jaundice
There is an increasing risk that high levels of unconjugated 
serum bilirubin will breach the blood–brain barrier, causing 
critical damage to many cells in the brain. This becomes 
more likely if, in the presence of haemolysis, the uncon-
jugated serum bilirubin level is allowed to rise above 350 
µmol/litre. Indeed, in a small preterm infant who is also ill, 
the safe limit may be nearer to 250 µmol/litre, or sometimes 
even less. 

Once this happens there is nothing that can usefully be 
done to reverse the resultant brain damage. Infants may 
manifest this by seizures, or by becoming stiff with arching 
of the back and neck signifying a severe encephalopathy. 
Many of these infants will die after becoming severely ill. 
The survivors will almost all become severely deaf, and the 
majority may develop athetoid cerebral palsy.

Causes of abnormally raised bilirubin levels
These include the following:

 O haemolytic disease
 O neonatal sepsis
 O polycythaemia
 O severe malnutrition
 O hypothyroidism
 O congenital infection (usually obstructive jaundice): 

 — syphilis
 — toxoplasmosis
 — cytomegalovirus
 — rubella 
 — hepatitis.

In the fi rst week of life, the following factors may lead to 
jaundice that is suffi ciently severe to require treatment:

 O Preterm delivery: Even moderate prematurity signifi -
cantly increases the risk of early or severe jaundice and 
associated sequelae. Consequently, the bilirubin treat-
ment charts give lower treatment thresholds for infants 
born at 31–34 weeks’ gestation. At less than 31 weeks, 
treatment is started at even lower bilirubin levels.

 O Haemolytic disease: This may be isoimmune (e.g. Rh 
or ABO incompatibility) or due to red blood cell disorders 
(e.g. hereditary spherocytosis, G6PD defi ciency).

 O Infection: Haemolysis and impaired elimination of bili-
rubin may be associated with septicaemia. Congenital 
infection (e.g. syphilis) may also be associated with 
jaundice, but other features such as rash, hepatosple-
nomegaly and thrombocytopenia will be present, and 
there is usually a signifi cant conjugated bilirubin level. 

 O Polycythaemia.
 O Rarer causes: These include inborn errors of metabo-

lism (e.g. galactosaemia), congenital hypothyroidism, 
other intrauterine infections and neonatal malaria.

 O Obstructive jaundice: This rarely presents in the fi rst 
week of life, but is important in the differential diagnosis 
of prolonged jaundice.

Haemolysis
Clinically noticeable jaundice within 24 hours of birth, espe-
cially if the mother is blood group O and the infant is blood 
group A or group B, or the mother is Rhesus negative and 
the infant is Rhesus positive, should suggest the possibility 
of a haemolytic disease. 

Term infants with physiological jaundice seldom need 
treatment with phototherapy unless there is an unusually 
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high rate of red cell breakdown. However, phototherapy 
should be started as soon as jaundice becomes apparent 
if there is evidence of haemolytic disease. The trend in the 
bilirubin level should then be checked twice a day (the level 
cannot be assessed from skin colour once phototherapy 
has commenced).

Investigation
A good principle to remember is to measure bilirubin 
levels and investigate if:

 O jaundice appears on day 1 in any infant
 O jaundice appears on day 2 in any preterm infant
 O the palms of the hands or soles of the feet are yellow 

in any sick neonate and in any infant of any age.

Jaundice should never last for more than 3 weeks.
In an infant who develops jaundice in the fi rst 24 hours, 

the most likely causes are infections, haemolytic disease 
and polycythaemia. The history and examination may be 
helpful. It is important to determine whether the mother has 
previously had affected infants, or if she is known to have a 
hereditary haemolytic disorder, or if risk factors for infection 
or clinical signs of sepsis exist. Hepatosplenomegaly could 
be suggestive of congenital infection. 

The following should suggest a high risk for haemolysis:
 O red cell antibodies in the mother’s blood
 O a positive Coombs’ or direct antiglobulin test on blood 

samples from the umbilical cord
 O a packed cell volume > 65%, Hb > 220 g/litre
 O a family history of G6PD deficiency or congenital 

spherocytosis
 O a history of previous children being seriously jaundiced 

in the fi rst week of life
 O otherwise unexplained neonatal anaemia at birth (hae-

moglobin level < 140 g/litre or haematocrit < 40%).

Useful laboratory tests include the following:
 O the mother’s and infant’s ABO and Rhesus blood groups. 

Save serum to cross- match if exchange transfusion is 
needed 

 O direct Coombs’ test (if positive this indicates an isoim-
mune haemolytic anaemia)

 O complete blood count and reticulocyte count (anaemia 
and reticulocytosis indicate haemolysis, high PCV sug-
gests polycythaemia and/or abnormal white blood cells 
indicate possible infection)

 O peripheral blood smear (abnormal red cell morphology 
and/or fragmented red cell forms suggest a specifi c red 
cell disorder and/or haemolysis) 

 O G6PD screen
 O syphilis serology
 O thyroid function tests (T4, TSH)
 O urine test for non- glucose- reducing substance (for pos-

sible galactosaemia)
 O ultrasound scan of liver.

Treatment
The bilirubin treatment charts (see Table 3.4.3) show 
intervention levels for the two principal treatments (i.e. 
phototherapy and exchange transfusion). In general, the 
smaller the infant and the sicker the infant, the more urgent 
the need to intervene. Bilirubin in plasma is normally bound 
to albumin, but in a sick acidotic infant less binding occurs, 
and more ‘free’ bilirubin will be available to enter the central 
nervous system. Therefore consider intervening about 40 
µmol/litres below the indicated line in such circumstances.

The specifi c bilirubin levels for which phototherapy 
and exchange transfusions need to be considered in 
infants born before 31 weeks’ gestation are less certain. 
A frequently used guideline is to initiate phototherapy 
when the bilirubin level approaches 85 µmol/litre/kg 
birth weight (which equals approximately 5 mg/dL/kg 
birth weight), and to consider an exchange transfusion 
for levels above 170 µmol/litre/kg birth weight (which 
equals approximately 10 mg/dL/kg birth weight).

TABLE 3.4.3 WHO recommendations (2012) for phototherapy and exchange transfusion levels of unconjugated bilirubin

Phototherapy Exchange transfusion

Age Healthy newborns * 
35 weeks’ gestation

Newborns < 35 weeks’

gestation or any risk factors

Healthy newborns *

35 weeks’ gestation

Newborns < 35 weeks’ 
gestation or any risk factors

Day 1 Any visible jaundice 260 mmol/litre

(15 mg/dL)

220 mmol/litre

(10 mg/dL)

Day 2 260 mmol/litre

(15 mg/dL)

170 mmol/litre

(10 mg/dL)

425 mmol/litre

(25 mg/dL)

260 mmol/litre

(15 mg/dL)

Day 3+ 310 mmol/litre

(18 mg/dL)

250 mmol/litre

(15 mgd/L)

425 mmol/litre

(25 mg/dL)

340 mmol/litre

(20 mg/dL)

Phototherapy 
This uses light in the blue- green region of the spectrum (not 
ultraviolet) to convert bilirubin to its water- soluble isomer 
lumirubin, which can be excreted in urine and stools.

In infants who are very yellow, it is best to use light from 
a bank of at least six 60- cm 20- watt fl uorescent strip lights 
suspended not more than 30 cm above the unclothed infant 
(lights placed 60 cm from the infant are only about half as 
effective). Placing a white sheet under and round the infant 
will increase the effectiveness of any treatment. While under 
phototherapy, it is important to monitor body temperature 

and to protect the infant from draughts. It is also standard 
practice to mask the eyes to protect them from the bright 
light. The infant should be nursed naked in an incubator, 
under a radiant heater or in a cot, allowing maximum skin 
exposure. Feeding, especially breastfeeding, should con-
tinue without interruption, as more frequent breastfeeding 
is helpful not only in eliminating meconium from the bowel 
but also in enhancing bilirubin clearance via the stools and 
urine. During phototherapy, the infant can be removed for 
breastfeeds as necessary (intermittent treatment has been 
shown to be as effective as continuous treatment). Fluid 
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other than breast milk (e.g. breast milk substitute, water, 
sugar water) should not be given. However, the total daily 
fluid intake may need to be increased by about 10%, 
especially in preterm infants, in order to minimise additional 
water losses from evaporation and convection.

Troublesome side effects of phototherapy include 
rashes and profuse watery stools, but these are rare and 
do not require treatment. Phototherapy can be stopped 
when the serum bilirubin level is 50 mmol/litre (3 mg/dL) 
below the phototherapy threshold.

Exchange transfusion
Bilirubin levels that rise above certain threshold values place 
the infant at risk of developing bilirubin encephalopathy 
(kernicterus). In such cases, the bilirubin level needs to 
be immediately lowered with a double- volume exchange 
transfusion. A volume of the infant’s blood equal to the body 
weight in kg × 2 × 80 mL is exchanged in small aliquots with 
O Rhesus- negative blood, or blood cross- matched against 
maternal antibodies. 

Double- volume exchange transfusion is recommended 
in term infants if:

 O they are haemolysing or are ill and have a bilirubin level 
higher than 300 µmol/litre

 O they are well and not haemolysing but their bilirubin level 
is higher than 425 µmol/litre.

The functions of exchange transfusion include the 
following:

 O removal of maternal antibodies
 O removal of antibody- coated red blood cells before they 

haemolyse
 O correction of anaemia
 O lowering of total bilirubin levels, if there is suffi cient time 

for equilibration between intravascular and extravascular 
levels.

Exchange transfusion is generally only undertaken if the rate 
of red blood cell breakdown is likely to exceed the ability 
of phototherapy to control bilirubin levels. This is very likely 
to occur in infants with a positive Coombs’ test who are 
already anaemic (because of fetal haemolysis) at birth. A 
cord blood haemoglobin level of less than 140 grams/litre 
serves to identify most of these infants. 

Human immunoglobulin 500 mg/kg, given as an IV 
infusion over 2 hours, reduces the number of infants who 
require an exchange (especially if due to Coombs’ posi-
tive Rhesus or ABO incompatibility). It also decreases the 
number who require a ‘top- up’ transfusion for late neonatal 
anaemia.

Exchange transfusion
 1 Calculate the infant’s circulating volume (= 80 mL/kg). 

Twice this amount of blood will be required. Do not 
exceed this (usually 1 bag of whole blood = 450 mL). 
Do not use blood that is more than 4 days old.

 2 Check that the blood has either the same ABO group 
as the infant or is blood group O Rhesus- negative and 
in addition is compatible with the mother’s serum. 

 3 Ensure that the infant is closely monitored throughout 
the procedure.

 4 This is a sterile procedure, so gloves and gowns must 
be worn and universal precautions applied.

 5 Secure umbilical vein access. Pass the umbilical venous 

catheter (UVC) as described in Section 8.4.B, and 
check its position with an X- ray (if available). Ideally 
it should be positioned in the vena cava just outside 
the right atrium, but a position below the liver is also 
acceptable if the line will sample and fl ush easily. A line 
positioned in the liver should not be used.

 6 Ideally, use a blood warmer (especially for low- birth- 
weight infants). Otherwise warm the blood bag by 
placing it under the mother’s clothing next to the skin.

 7 Set up a closed circuit with either a four- way tap, or 
two three- way taps. The four links are:

 O the infant
 O the syringe for removing and replacing blood
 O the blood to be transfused
 O the route for discarding the infant’s blood.

 8 Make sure that the total blood in and out is recorded. 
Plan to spend 1.5–2 hours on the procedure.

 9 Decide on the size of aliquot you will be exchanging 
with each draw and infusion. This is roughly as follows:

 O baby weighing < 1500 grams: 5 mL
 O baby weighing 1500–2500 grams: 5–0 mL
 O baby weighing 2500 grams: 10–15 mL.

If you use small aliquots, remember to add an allowance 
for the ‘dead space’ in the tubing between the syringe 
and the baby. You should draw out each aliquot over 
2–3 minutes to avoid abrupt changes in blood pres-
sure, and replace over 3–4 minutes with the observer 
keeping a running total.

 10 Send the fi rst aliquot for measurement of bilirubin, 
electrolyte and calcium concentrations.

 11 Halfway through the procedure check the blood glu-
cose, calcium and potassium concentrations. 

 12 Measure them again, together with the bilirubin con-
centration, at the end of the procedure. 

 13 Sometimes it is necessary to exchange more than once 
in quick succession. Symptomatic hypocalcaemia may 
occur as the citrate in donor blood binds calcium. This 
responds best to halting the procedure for 15 minutes. 
Giving calcium gluconate is of little benefi t and may be 
hazardous, so is best avoided.

Although the potassium concentration of the blood 
is often 8–10 mmol/litre, this does not usually cause 
signifi cant hyperkalaemia.

Exchange transfusion should only be undertaken once 
all of the attendant risks have been considered. Even in 
experienced hands, 1% of infants may suffer a sudden 
cardiac arrest during or shortly after the procedure. This 
should respond to prompt intervention using the approach 
adopted when dealing with cardiac arrest at birth, but the 
infant needs to be monitored closely, and staff need to be 
prepared for such a possibility if this is not to prove fatal. 
Air embolism can kill within minutes, and faulty technique 
can cause sudden hypo-  or hypervolaemia, or introduce 
later sepsis. The use of donor blood more than 5 days old 
can cause serious hyperkalaemia and an arrhythmia. Blood 
used straight from the fridge at 4ºC can impose a major cold 
stress. Cytomegalovirus (CMV) infection may occur if the 
blood does not come from a CMV- negative donor. It is also 
critical to avoid causing HIV or hepatitis B or C infection. In 
addition, there is a defi nite but poorly understood risk that 
the procedure will trigger serious necrotising enterocolitis. 
If possible it is best to avoid the use of heparinised blood.
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Because of all these risks, if at all possible exchange 
transfusion should only be undertaken in a neonatal unit 
where the staff are experienced in the use of this procedure.

The neonate with anaemia
Causes of anaemia
These include the following:

 O haemorrhage
 O twin- to- twin transfusion
 O feto–maternal transfusion
 O placental abruption 
 O haemolysis due to

 — Rhesus incompatibility
 — ABO incompatibility.

Treatment of anaemia
Haemolysis may continue for several weeks after birth 
even if it is not severe enough to require intervention in 
the fi rst week of life. An attempt should therefore be made 
to check all infants with a positive Coombs’ test for late 
anaemia when they are about 6 weeks old. Infants with a 
capillary haemoglobin level of less than 80 grams/litre or 
a haematocrit (PCV) of less than 25% should then receive 
a ‘top- up’ transfusion of 20 mL/kg of cross- matched or 
group O Rhesus- negative blood given over 2 hours. Red cell 
concentrate or packed cells are preferable. Daily folic acid 
(1 mg/day) for at least 1 week can help to reduce anaemia. 

The neonate with seizures, spasms or 
reduced conscious level
Seizures (also called fi ts or convulsions) have been reported 
to affect about 0.1% of term infants and 10% of those 
weighing less than 1500 grams at birth.

Presenting features
Seizures may be subtle (apnoea, staring, lip smacking/
grimacing, deviation of the eyes, cycling movements of the 
limbs) or more obvious (tonic extensor posturing or clonic 
movements). Involvement of a limb or one side of the body 
does not necessarily imply a focal cause in the neonate. A 
bulging anterior fontanelle may suggest intracranial haemor-
rhage or infection. It is important to always measure and 
note the head circumference. Sometimes involuntary 
movements (e.g. extreme jitteriness) or benign myoclonic 
jerks can be diffi cult to distinguish from seizures. The pres-
ence of associated autonomic instability and/or lateral eye 
deviations may signal seizure activity, whereas the absence 

of these fi ndings or elimination of these movements when 
the limbs are restrained indicate a non- seizure event.

Causes of seizures
These include the following:

 O hypoxia
 O hypoglycaemia
 O meningitis
 O drug- related seizures
 O sepsis
 O polycythaemia
 O tetanus
 O hypocalcaemia
 O hyper-  or hyponatraemia
 O metabolic abnormalities
 O hypoxic ischaemic encephalopathy: this is the most 

common cause of seizures in a term infant. Onset is 
usually within the fi rst 24 hours, and it almost never 
starts after the third day

 O intracranial haemorrhage, subarachnoid haemor-
rhage or cerebral infarctions: these are also common 
causes of neonatal seizures. With subarachnoid haem-
orrhage, seizures may or may not be focal. However, 
unilateral tonic–clonic seizures are often observed with 
cerebral infarction. Although intraventricular haemor-
rhage occurs most frequently in low- birth- weight infants 
or at gestational ages under 32 weeks, very rarely it 
may manifest in term or near- term infants with neonatal 
seizures. Always give 1 mg IV vitamin K

 O infection: although meningitis is not the common-
est cause of neonatal convulsion, it must always be 
excluded by lumbar puncture and antibiotics com-
menced urgently pending the results of culture

 O metabolic causes of seizures may include:
 — hypoglycaemia: always check blood glucose levels
 — hypocalcaemia: check plasma calcium and mag-
nesium levels

 — hyponatraemia and hypernatraemia: seizures 
are uncommon unless the plasma sodium level is 
< 120 mmol/litre or > 160 mmol/litre. Seizures in 
infants with hypernatraemia may result from associ-
ated cavernous sinus thrombosis. A rapid fall or rise 
in serum sodium level, as may occur with too rapid 
therapeutic correction, may be more injurious than 
the absolute value of serum sodium level. A slow 
correction is desirable in such situations

 O bilirubin encephalopathy (see above section on 
jaundice)

 O rare inborn errors of metabolism (e.g. urea cycle 
defects, non- ketotic hyperglycaemia) require measure-
ment of serum amino acids, urine fatty acids, serum 
lactate, serum pyruvate and blood ammonia levels. 
Measuring the anion gap can also be quite helpful. 
A high value may be suggestive of an inborn error of 
metabolism.
Note: anion gap = (Na + K) – (Cl + HCO3). Normal 
anion gap = 5–17 mEq/litre in neonates

 O maternal substance abuse, particularly opiate 
withdrawal

 O tetanus remains a problem in many low-resource 
countries.

TABLE 3.4.4 Differentiating between seizures and jitteriness

Well but jittery infant Infant with clonic seizures

No abnormal eye movements Abnormal eye movements

No apnoea Apnoea

No colour changes Pallor or cyanosis

No heart rate changes Tachycardia

Easily triggered by handling 
and stopped by gentle passive 
fl exion of the affected limb

Independent of handling

Rhythmical movements Jerky with fast and slow 
components that are not 
equal
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When managing neonatal seizures it is best to focus on the 
limited number of conditions where immediate treatment 
can have a major impact on long- term outcome. There are 
many situations where seizures are simply the outward sign 
of damage that cannot be reversed, even though it may 
be possible to stop continuing seizure activity from making 
matters worse. 

Focal seizures can sometimes be the sign of what 
was otherwise a silent haemorrhagic infarction of part of 
the brain. While investigation would explain what was going 
on, it would not alter management.

If the infant is alert and well between episodes of seizure 
activity, appears normal on examination, and is feeding 
normally, sometimes it may be perfectly appropriate to 
do nothing.

Investigations
These should include the following:

 O lumbar puncture and blood culture
 O full blood count, PCV, CRP
 O blood glucose, calcium, urea and electrolytes, and blood 

ammonia (if available) 
 O arterial blood gas analysis to help further assess acid–

base status
 O cranial ultrasound (if available)
 O intracranial imaging (head computed tomography if 

available)
 O baseline and follow- up electroencephalograms (if avail-

able) may aid diagnosis and treatment
 O save urine, plasma and CSF for metabolic studies (if 

available) if seizures are protracted.

Treatment
Management of a neonate with seizures is as follows:

 O Airway.
 O Breathing.
 O Circulatory access.
 O Give glucose, IV or intra- osseous (2 mL/kg of 10% 

glucose).
 O Give antibiotics, IV or IM, as there is a strong possibility 

of meningitis or sepsis.
 O Stop the seizures with an anticonvulsant: 

 — phenobarbitone, 20 mg/kg over 5 minutes IV or IM
 — paraldehyde, 0.2 mL/kg IM or 0.4 mL/kg rectally
 — diazepam 300 microgram/kg IV slowly or 500 micro-
gram/kg rectally.

 O Treat hypoglycaemia if present.
 O Monitor the heart rate and respiratory rate, and oxy-

genation (ideally with pulse oximetry). Treat low SaO2 
or cyanosis with oxygen.

 O Consider anticonvulsant therapy: the earlier the fi ts 
appear, the more frequent they are (more than two 
or three per hour) and the longer they last (more than 
3 minutes), the more likely it is that anticonvulsants will 
be needed. Fits that interfere with respiration need to be 
treated and may require respiratory support. 

Emergency treatment of hypoglycaemia
Hypoglycaemia is a common cause of seizures in infants. 
Ideally, do a rapid bedside test for low blood glucose levels 
and act accordingly, but if this test is not available then a 
test dose of 2 mL/kg of 10% glucose should be given IV or, 
if venous access is not available, intra- osseously.

Anticonvulsant treatment
Phenobarbital is the fi rst- line drug for neonatal seizures. 
Give a 20 mg/kg IV loading dose slowly followed by 3–5 mg/
kg once every 24 hours. Seizure control may be achieved 
more quickly if the fi rst dose is given IV, but this loading dose 
must be given slowly, over at least 5 minutes, to minimise 
the risk of shock, hypotension or laryngospasm. Some texts 
recommend the use of a higher dose if the standard dose 
fails, but this can cause respiratory depression. Always 
have a bag-valve-mask available to support ventila-
tion. With hypoxic encephalopathy usually only a loading 
dose is needed. Seizures have been reported to respond 
to this dose 40% of the time. An additional 10 mg/kg may 
be required if seizures persist or recur (70% response rate).

Phenytoin is the second- line drug for neonatal seizures. 
Initial seizure control with this drug requires the presence 
of a saline- fi lled IV line (because the drug crystallises out in 
dextrose solutions). The same problem also renders the IM 
route unavailable. Give a 20 mg/kg loading dose (diluted in 
10–15 mL of normal saline) IV slowly over 10–20 minutes 
(monitor for hypotension and cardiac arrhythmia, making 
sure that the drug does not leak into the tissues), and then 
2 mg/kg IV or by mouth once every 8 hours. Infants more 
than 2 to 3 weeks old may need a considerably larger 
maintenance dose. Oral absorption of phenytoin may be 
quite unpredictable, so this would need to be monitored. 
Phenytoin is dangerous in infants with hypoxic ischaemic 
encephalopathy who may also have ischaemic hypoxic 
heart injury.

Paraldehyde is the third- line drug for neonatal seizures. 
Give a single 0.4 mL/kg dose mixed with an equal volume 
of mineral oil by the rectal route. This route offers excellent 
bioavailability of the drug. The same dose can be repeated 
once if seizures persist. Give within 10 minutes after prepa-
ration when using a plastic syringe (because paraldehyde 
interacts with many plastics). Paraldehyde can also be given 
by the IM route. However, problems with muscle necrosis 
make this a less desirable route.

Diazepam is an alternative to phenobarbital as fi rst 
line treatment for neonatal seizures. However, it is vital that 
hypoglycaemia has been excluded and treated before giving 
this drug. A working bag-valve-mask of suitable size must 
be ready next to the infant before this drug is given. It can 
be given IV at a dose of 300 microgram/kg over 5 minutes or 
rectally in a dose of 500 microgram/kg. The rectal dose can 
be repeated once after 10 minutes if the infant is still fi tting.

Clonazepam: The loading dose is given as 100 micro-
grams/kg by slow IV infusion. It should not be administered 
for more than 3 days. 

Midazolam: This has an immediate effect but a short 
duration of action. It can be given into the buccal cavity or 
IV. Like diazepam it can cause respiratory depression, so 
a bag and mask must be available when it is used, and the 
infant must be monitored closely. 

Anticonvulsants may precipitate a need for respira-
tory support. Therefore always have a bag- valve- mask 
available.

Once seizures are controlled, maintenance therapy 
(which is rarely needed) with a single agent (usually phe-
nobarbitone) is often possible. Discontinuation of treatment 
depends on the underlying aetiology, but aim to withdraw 
anticonvulsants as soon as possible.

It is essential to consider the four main treatable causes 
of fitting, namely hypoglycaemia, hypocalcaemia, 
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meningitis and tetanus, as any delay in diagnosis could 
have serious consequences.

Hypoglycaemia (glucose < 2.5 mmol/litre or 
< 45 mg/dL)
Hypoglycaemia is a common problem in the nursery; it can 
occur in infants who appear well, as well as in those who 
are sick. It is important to identify any infant at risk and 
implement preventative and curative measures as early as 
possible. Untreated symptomatic hypoglycaemia can 
result in brain damage. 

Infants at risk of developing hypoglycaemia include 
the following:

 O infant of diabetic mother
 O preterm infant
 O small- for- gestational- age or wasted infant
 O large- for- gestational- age infant
 O post- term infant
 O sick infant with infections and respiratory failure
 O infant who is not receiving adequate breast milk.

The defi nition of hypoglycaemia is controversial, and no 
studies have determined an absolute value at which organ 

dysfunction will occur. However, it is known that a prolonged 
low level of symptomatic hypoglycaemia is associated with 
brain injury. At the time of writing, most neonatologists 
prefer to maintain blood glucose levels above 2.5 mmol/
litre (45 mg/dL).

Causes of neonatal hypoglycaemia
Increased utilisation of glucose (hyperinsulinism)

 O Infants of diabetic mothers.
 O Respiratory distress.
 O Abrupt interruption of high glucose infusion.
 O Polycythaemia.
 O Hypothermia.

Rare causes of hyperinsulinism include:
 O erythroblastosis fetalis
 O islet- cell hyperplasia
 O Beckwith–Wiedemann syndrome
 O insulin- producing tumours
 O maternal beta- agonist tocolytic therapy
 O rarely malpositioned umbilical arterial catheter infusing 

a high concentration of glucose into coeliac and mes-
enteric arteries (T11–T12), stimulating insulin release.

A Open airway and keep open (airway adjunct if needed)
Recovery position

B Oxygen
Bag–mask ventilation if not breathing

Do not leave alone
Call for help

Is there existing vascular access?

2 mL/kg of 10% glucose IV/IO ideally after blood glucose
Only if glucose does not stop convulsions within 5 minutes

add IV phenobarbital 20 mg/Kg over 15 minutes
OR

IV diazepam 300 micrograms/kg over 5 minutes

MUST HAVE AVAILABLE

MUST HAVE AVAILABLE
Sublingual sucrose

If this does not stop convulsions
add rectal diazepam 500 micrograms/kg

OR
rectal paraldehyde 0.4 mL/kg

OR
buccal midazolam 300 micrograms/kg

Repeat rectal diazepam 500 microgram/kg
Phenytoin 20 mg/kg IV bolus over

20 minutes

Yes No

10 minutes
Still having
convulsions

Still having
convulsions

Gain venous access within two attempts
(include umbilical) OR intra-osseous

IV/IO 2 mL/kg 10% glucose after blood glucose
Only if glucose has not stopped convulsions
add IV phenobarbital 20 mg/kg over 5 minutes

Repeat blood glucose, and if there is hypoglycaemia treat with
IV/IO 2 mL/kg 10% glucose

At end of phenobarbital dose
15 minutes

Only 0.9% saline can be used to 
infuse phenytoin.  Flush IV line 

with 0.9% saline before and after 
infusing.  Do not infuse at a faster 
rate, due to risk of irregular heart 
beat, hypotension and respiratory 

depression; complete 
administration within 1 hour of 

preparation 

BAG-MASK

BAG-MASK

FIGURE 3.4.4 Pathway of care for a neonate who is having convulsions.
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Decreased production/stores of carbohydrate
 O Prematurity.
 O Small- for- gestational- age or wasted infant.
 O Inadequate caloric intake.

Mixed increased utilisation and/or decreased production 
from other causes

 O Perinatal stress (e.g. due to hypoxia, sepsis, shock, 
hypothermia).

Rare causes
 O Defects in carbohydrate metabolism (galactosaemia, 

fructose intolerance, glycogen storage disease).
 O Endocrine defi ciency (adrenal insuffi ciency, hypotha-

lamic insuffi ciency, glucagon defi ciency).
 O Defects in amino acid metabolism (maple syrup urine 

disease, propionic acidaemia, methylmalonic acidaemia, 
tyrosinaemia).

Diagnosis of hypoglycaemia
 O There are few data on normal blood glucose levels in 

the fi rst week of life, particularly for healthy breastfed 
term infants. Moreover, there is little evidence that a 
transient low blood glucose concentration in term 
infants who show no physical signs is harmful. 
However, asymptomatic hypoglycaemia may rapidly 
progress to symptomatic hypoglycaemia. Fits due to 
hypoglycaemia typically start in a previously well infant 
on or after the second day of life.

 O Indications for measuring the blood glucose concen-
tration of a term infant include lethargy, poor feeding, 
temperature instability, respiratory distress, new- onset 
apnoea/bradycardia, jitteriness, pronounced hypotonia, 
diminished consciousness and seizures. The associa-
tion between such signs and low blood glucose levels 
is described as ‘symptomatic hypoglycaemia’. 

 O Beware of blaming ‘hypoglycaemia’ alone for these 
signs. Remember that an infant who seems drowsy 
may be infected, and low blood glucose concen-
tration may merely be an associated fi nding. It is 
important to try to establish the underlying cause of 
the problem.

 — Although laboratory estimates of blood glucose con-
centration are ideal for diagnosing and managing this 
condition, reagent strips can be helpful.

 — The blood glucose concentration in the fi rst 6 hours 
of life is very often low (1.5–2.0 mmol/litre). There 
is no evidence that this is harmful for otherwise 
healthy term infants, who adapt by mobilising other 
fuels. Consequently, early testing (under 6 hours of 
age) is pointless, unless neurological signs are pre-
sent or there are other conditions that necessitate 
testing.

 — In newborn infants the serum glucose concentra-
tion is about 0.5 mmol/litre lower than that of whole 
blood.

When to test
 O Symptomatic infants (lethargy, poor feeding, tempera-

ture instability, respiratory distress, new- onset apnoea/
bradycardia, jitteriness and seizures) should be tested 
immediately.

 O Infants at risk should be tested within 1 hour after birth 
(as such infants rapidly become hypoglycaemic after 

delivery) and then 3- hourly until blood glucose levels are 
stable at 2.5 mmol/litre (45 mg/dL) or higher. Continue 
to monitor until feeds are well established.

 O In infants with hypoglycaemia, check the blood glucose 
concentration every 20–30 minutes from the beginning 
of treatment, then hourly until it is stable at 2.5 mmol/
litre (45 mg/dL) or higher. Continue to monitor frequently 
(every 4–8 hours) during treatment, and while decreasing 
supplemental IV glucose infusions.

Laboratory diagnosis
 O Reagent strips are useful and rapid, but in general 

are less reliable than laboratory plasma glucose meas-
urements. Reagent strips may show a glucose level 
as much as 15% lower than plasma glucose levels. 
Whenever possible, it is preferable to use a calibrated 
glucometer.

 O Laboratory plasma glucose determinations (if avail-
able) are useful for confi rming hypoglycaemia detected 
by reagent strips, but blood samples must be processed 
promptly for accurate values, as glycolysis occurs in 
standing whole blood samples. Do not wait for labora-
tory confi rmation before initiating therapy.

Management of hypoglycaemia
Infants at risk of hypoglycaemia but appearing to be 
well

 O Initiate early feeding within 1 hour after birth with breast 
milk or formula (only if breast milk is not available) and 
repeat every 2–3 hours.

 O Feeding with 5% glucose is not recommended in infants, 
because milk provides more energy.

 O Infants of diabetic mothers are unlikely to develop hypo-
glycaemia on the second day of life if tests in the fi rst 
24 hours are satisfactory.

Infants with symptomatic hypoglycaemia who are 
unable to feed or who failed correction of glucose levels 
with enteral feeding

 O Establish an IV line using sterile precautions, and take 
a sample for blood culture and other biochemical tests 
(if available). 

 — Give an IV glucose bolus 200 mg/kg over 5 minutes 
(2 mL/kg of 10% glucose in water). If the infant almost 
immediately becomes more alert and active ‘on the 
end of your needle’ you have made the diagnosis, 
even before the laboratory report comes back. 

 — In such situations it is then important to keep the 
blood glucose level stable by starting a sustained 
infusion of 10% dextrose at 5 mL/kg/hour (or 5–8 mg/
kg/minute) for the next 2 to 4 days while gradually 
building up oral feeds. 

 O If further episodes of symptomatic hypoglycaemia occur, 
the bolus should be repeated and the infusion rate 
increased by 10–15%.

 O An infant who seems drowsy may be infected, and a 
low blood glucose concentration may be an associated 
fi nding rather than the main cause of the problem. It is 
important to exclude infection and initiate antibiotics if 
indicated.

 O When administering boluses, never use higher con-
centrations of glucose (> 10%) because of the risk of 
intra- ventricular haemorrhage and/or cerebral oedema.

 O The concentration of glucose in the maintenance fl uids 
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can be adjusted in accordance with the total daily fl uid 
requirements.

 O If using concentrations higher than 12.5%, a central 
venous line or umbilical venous catheter needs to be 
inserted because of the risk of tissue damage in the 
event of fl uid extravasation.

 O Most infants will correct hypoglycaemia with infusion 
of 5–8 mg/kg/minute; not infrequently, however, infants 
with severe intrauterine growth restriction or wasting and 
those with hyperinsulinism may require infusion rates of 
up to 12–15 mg/kg/minute.

 O When normal blood glucose levels have been stable for 
12–24 hours and the infant is tolerating enteral feeding, 
decrease the IV glucose infusion by 10–20% each time 
levels are higher than 2.5 mmol/litre (45 mg/dL).

 O Always decrease the IV infusion gradually because of 
the risk of precipitating hypoglycaemia.

 O If you are unable to gain IV access, a feed of breast milk 
should be started if the infant is conscious. Hypostop 
Gel, an oral glucose mixture containing 500 micrograms 
of glucose/mL, can be helpful (if available). Apply 1–2 mL 
to the oral mucosa.

 O If hypoglycaemia persists beyond the fi rst 48 hours of 
life and requires large infusions of glucose (greater than 
8 mg/kg/minute), evaluation for endocrine or metabolic 
disorders should be considered.

Meningitis
See p. 353. 

Tetanus
Do not forget tetanus. Neonatal tetanus has to be con-
sidered if a previously well and still conscious infant starts 
to develop increasingly frequent muscle spasms 3–14 days 
after birth. This becomes more relevant if there is any doubt 
about the way the umbilical cord was managed at birth, or if 
there is no proof that the mother was ever immunised with 
tetanus toxoid vaccine. Involuntary muscle contractions are 
typically triggered by quite light touch or sound, and the 
hands and jaw are often held fi rmly clenched. 

 O Airway and breathing are frequently compromised. 
Secure and maintain the airway, and ensure adequacy of 
ventilation. Oxygen may help if the spasms are causing 
cyanosis, but in severe cases survival may be dependent 
on the availability of respiratory support, sometimes 
with tracheostomy to protect the airway. Intubation may 
trigger very dangerous spasm of the airway and must 
be undertaken by a skilled professional.

 O Insert an IV line for drug and antibiotic administration. 
 O Give high- dose benzyl penicillin 60 mg/kg IV one dose 

every 12 hours in the fi rst week of life, every 8 hours 
in an infant aged 1–3 weeks, and every 6 hours in an 
infant over 3 weeks of age. Oral dosing (with phenoxy-
methylpenicillin) can sometimes be used to complete 
a course of treatment. 

 O Give an 150 unit/kg dose of IM human tetanus immu-
noglobulin. Other IM injections must be avoided 
altogether, as they will provoke spasms.

 O If the infant/child is in acute spasm, this should be 
terminated by giving diazepam by bolus IV infusion 
over 15 minutes (dose 200 micrograms/kg) or rec-
tally (400 micrograms/kg). Ensure that for IV infusion, 
diazepam is diluted to 100 micrograms/mL, and that 
extravasation (very irritant) does not occur. Slow and 

incomplete absorption means that IM diazepam is not 
effective. Always ensure that a bag and mask are 
immediately available when giving diazepam, in 
case apnoea occurs.

 O Also give an IV loading dose of 25–40 mg/kg of magne-
sium sulphate over 20–30 minutes.

 O Subsequently give 10–20 mg/kg of magnesium sulphate 
IV 2-  to 4- hourly to control spasms. If this is not avail-
able or does not control spasms, give IV diazepam 
200 micrograms/kg every 4–6 hours.

 O Stop diazepam if magnesium sulphate alone controls 
the spasms.

 O Reduce the dose of diazepam if apnoeic episodes occur.
 O Always have a bag and mask available in case the 

patient stops breathing as a result of the diazepam 
plus magnesium.

 O When stable, a nasogastric tube, ideally passed by 
an anaesthetist, will allow fl uids, food and drugs to be 
given with minimal disturbance. Feeds need to be given 
frequently (ideally hourly) and in small amounts due to 
reduced gut motility. Regular breast milk feeds via a 
nasogastric tube are essential.

 O Excision of the umbilical stump is not indicated. 
 O The disease itself does not induce immunity, so after 

recovery tetanus vaccine must be given for future 
prevention.

 O Treat any obvious umbilical infection with an addi-
tional broad- spectrum antibiotic. 

 O Minimise handling, provide care in a quiet dark room 
and give frequent small tube feeds. 

 O Immunising the mother (give two 0.5- mL doses 
1 month apart) will prevent a similar tragedy in any 
future pregnancy.

 O Severe cases may need muscle paralysis and 
ventilation in a specialist unit (if available).

Treatment of neonatal tetanus
 O Airway and Breathing: Oxygen as needed and trache-

ostomy may be required.
 O Benzyl penicillin.
 O Human tetanus immunoglobulin. 
 O Consider giving diazepam IV or by the rectal route to 

control spasms (with bag and mask available).
 O Magnesium sulphate has been recently shown to help 

prevent spasms in tetanus.
 O Minimise handling.
 O Give frequent small tube feeds of breast milk.

Other causes of neonatal seizures
Rule out any other cause, including biochemical causes 
other than hypoglycaemia.

Remember that biochemical disturbance may not 
be the main underlying problem. In many infants, the 
evidence of hypoglycaemia or any other biochemical dis-
turbance is only a sign of another more serious underlying 
illness. Of these, by far the most important treatable condi-
tion is meningitis. Unless the infant is otherwise entirely well 
it is important not to miss this possibility.

 O Other important diagnostic possibilities include hypoc-
alcaemia, hyponatraemia and hypernatraemia. Often a 
history and clinical features will aid the recognition of 
these biochemical abnormalities, and a serum level will 
clinch the diagnosis. Any existing problem will be made 
worse if hypernatraemia is corrected too rapidly. 
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 O Fits due to hypocalcaemia (a serum total calcium level of 
< 1.7 mmol/litre), with or without hypomagnesaemia, are 
generally benign and occur unexpectedly in an otherwise 
well but hyper- refl exic child more than 2 to 3 days old. As 
with hypoglycaemia, signs may settle ‘on the end of the 
needle’ if the infant is given 1–2 mL/kg of 10% calcium 
gluconate in equal dilution as a slow IV infusion. Such 
seizures usually respond extremely well to oral supple-
mentation. It is appropriate to investigate the mother for 
an unrecognised endocrine abnormality (if facilities allow 
this). Do not allow IV calcium to go outside the vein 
as it will cause severe tissue damage. 

 O Toxic substances provided by a traditional healer create 
important causes of seizures and reduced conscious 
level in neonates in some countries.

Bilirubin encephalopathy
Infants with brain damage due to jaundice are stiff and 
semi- conscious, but seldom have fi ts. Signs usually appear 
quite abruptly 3 to 6 days after birth, but by the time they 
appear it is too late to initiate treatment.

Inborn errors of metabolism
Other more complex biochemical disturbances are usu-
ally associated with metabolic acidosis and progressively 
deepening coma in a child who was initially well for 1 to 
2 days after birth. They are generally too complex to treat 
without substantial biochemical support, but it may be 
appropriate to take specimens for later diagnostic evalu-
ation, because many of these conditions are familial and 
genetically determined. Pyridoxine defi ciency is one of 
the few rare treatable conditions. 

Hypoxic- ischaemic encephalopathy
This is an abnormal neurological state of infants who have 
suffered signifi cant lack of oxygen and/or circulation to 
vital organs before, during or immediately after birth. It is 
characterised by the following:

 O signs of fetal distress in labour, cord blood pH < 7.0, and 
low Apgar score () 3 at 5 minutes) despite appropriate 
resuscitation measures

 O neonatal neurological abnormalities soon after delivery
 O evidence of multi- organ dysfunction such as oliguria  

(signifying acute tubular necrosis), increased transami-
nase levels (hepatic necrosis), necrotising enterocolitis 
or myocardial dysfunction.

Hypoxic- ischaemic encephalopathy- related 
problems in the days after birth 

 O Reduced consciousness and/or convulsions: treat 
with phenobarbital and check glucose levels to rule out 
hypoglycaemia.

 O Apnoea: this is common after severe perinatal asphyxia, 
and is sometimes associated with convulsions. Manage 
with oxygen administered by nasal cannulae and resus-
citation with bag and mask.

 O Inability to suck: feed with expressed breast milk via 
a nasogastric tube. Beware of delayed emptying of 
the stomach, which may lead to regurgitation of feeds.

 O Poor motor tone: the infant may be fl oppy or have limb 
stiffening (spasticity).

Sarnat’s clinical grading system (see Table 3.4.5) may be 

used to help to guide treatment and give some indication 
of the prognosis.

Treatment
 O Treatment is generally supportive, with close attention to 

monitoring of good respiratory function, glucose levels 
and fl uid balance. Avoid hyponatraemia, which may 
result from inappropriate antidiuretic hormone secre-
tion and excessive IV hypotonic solutions. Acute renal 
failure is often present; if so, restrict fl uids to measured 
urine output and gut losses plus 15 mL/kg/24 hours for 
full term and 24 mL/kg/24 hours for preterm infants (to 
refl ect insensible losses), and avoid giving potassium 
supplements.

 O Seizures are treated as described above. Note, however, 
that increasing doses of anticonvulsants may precipitate 
a need for mechanical ventilation and confound the 
clinical staging criteria below, which apply only to non- 
sedated infants.

 O Keep the axillary temperature at 35.5–36.0°C. Avoid 
overheating.

Cooling infants for 72 hours under carefully controlled 
conditions has shown improved neurological outcomes. 
This should only be undertaken by experienced teams.

Prognosis
The prognosis is good in stage 1, guarded in stage 2 and 
very poor in stage 3.

About 50% of stage 2 infants will recover without 
sequelae. Infants in stage 3 will either die or be left severely 
disabled. A decision must therefore be made with the family 
about the implementation or continuation of intensive care 
in such cases. 

TABLE 3.4.5 Sarnat’s grading of hypoxemic- ischaemic 
encephalopathy

Mild 
(stage 1)

Moderate 
(stage 2)

Severe 
(stage 3)

Conscious 
level

Hyper- alert Lethargic Stuporose

Muscle tone Normal Hypotonic Flaccid

Seizures Rare Common Severe

Feeding Sucks 
weakly

Needs tube 
feeds

Needs tube feeds 
or IV fl uids

Respiration Spontaneous Spontaneous Absent

Management 
Once bacterial meningitis has been excluded, intrapartum 
hypoxia or birth trauma will turn out to be the underlying 
problem in most infants presenting with fi ts in the fi rst 2 to 
3 days of life. Most of these infants already look stressed 
and unwell within a few hours of birth. The onset may be a 
little more sudden and abrupt in the preterm infant who suf-
fers a sudden intra- ventricular haemorrhage. These infants 
usually become progressively more stuporose and unre-
sponsive over time, and there is relatively little that can be 
done to improve the long- term outlook. An attempt should 
be made to minimise hypoxia, and anticonvulsant treatment 
is sometimes initiated in the hope that it will reduce the 
number of apnoeic episodes. Many of these infants are too 
ill to accept even tube feeds, and, where this is the case, it 
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may be appropriate to minimise the risk of hypoglycaemia 
by giving IV glucose. Unfortunately, an infusion of more 
than 3 mL/kg of 10% dextrose per hour may result in water 
retention if there is accompanying renal failure. The outlook 
is fairly bleak for infants who have not recovered and started 
to feed normally within 1 week of birth.

Other less common causes
Drug- related seizures: Accidental infi ltration of the fetal 
scalp during the injection of lidocaine into the maternal 
perineum prior to episiotomy can cause fi ts simulating 
intrapartum hypoxia. With supportive treatment there is 
every prospect of complete recovery. 

Some infants born to drug- dependent mothers show 
signs of drug withdrawal, starting 1 to 2 days after delivery. 
A small minority may have seizures. Minimal handling in 
a quiet dark room with small frequent feeds and a more 
gradual withdrawal from the drug to which they have been 
exposed is the only treatment usually necessary.

Congenital brain abnormalities: It is said that up to 
10% of otherwise unexplained neonatal seizures are associ-
ated with the existence of some underlying cerebral problem 
(often cortical dysgenesis). Some of these infants will benefi t 
from continuing anticonvulsant treatment.

Other miscellaneous neonatal 
problems
Gastrointestinal problems

 O Oesophageal atresia should always be considered in 
the infant with a history of polyhydramnios or excessive 
frothy salivation following delivery. Surgery is much more 
likely to be successful if it can be performed before 
aspiration pneumonia develops. Pass a large- bore 
catheter as far down the oesophagus as possible and 
aspirate frequently. If an X- ray shows that the tube has 
stopped at the level of the heart and has not entered the 
stomach, the diagnosis is made. Such an infant needs 
urgent referral for surgery, with steps taken to suck the 
blind upper oesophageal pouch clear of all accumulating 
secretions at least every 15 minutes before and during 
transfer. Site an IV line and ensure that the infant does 
not become hypoglycaemic.

 O Severe vomiting, often associated with abdominal 
distension, in the fi rst few days of life suggests the 
existence of a problem that requires referral for surgical 
review. This is particularly true if the vomit is green (bile 
stained), as this is suggestive of duodenal atresia or 
bowel obstruction requiring urgent surgical interven-
tion. If severe vomiting develops in a infant who has 
passed changing stool, the diagnosis of volvulus, 
pyloric stenosis or intussusception must be consid-
ered. Duodenal atresia is more common in infants with 
Down’s syndrome. A paediatric surgical opinion should 
be sought if available.

Necrotising enterocolitis (NEC)
This is a very serious condition with a mortality of approxi-
mately 20–40%. Preterm or small- for- dates infants are at 
increased risk of developing this condition. Prevalence is 
inversely related to birth weight and gestation. NEC is more 
common in ill infants. Although it is more common in infants 
who have received feeds, about 15–20% of affected infants 
may never have been fed. It is much less common in infants 

fed exclusively on human milk. NEC may occur in epidemics 
due to cross- infection in the nursery.

Presenting features
The condition should be suspected in an infant who had 
started to accept oral feeds and then develops an ileus or 
becomes lethargic and starts passing a bloody stool. The 
problem is caused by the sudden focal invasion of bacteria 
into an area of ischaemic gut, and an abdominal X- ray will 
often show gas accumulating within the gut wall. 

Common signs of NEC include the following:
 O abdominal distension or tenderness
 O intolerance of feeding
 O bile- stained vomit or bile- stained fl uid up the nasogas-

tric tube
 O blood in the stools.

Features of multisystem failure, such as coagulopathy, 
petechial haemorrhage, oliguria and haematuria, may be 
associated with NEC.

Investigations
A plain abdominal X- ray may show an abnormal gas pat-
tern in the form of:

 O free intra- peritoneal air, best seen with a left side down 
(lateral decubitus) X- ray, where free air may be easily 
seen overlying the dense hepatic tissue 

 O intramural gas (pneumatosis intestinalis) or gas in 
the portal tracts of the liver.

A complete blood count with differential cell count, blood 
culture and serum electrolytes should be obtained. Regular 
weighing, frequent blood pressure measurements, and con-
tinuous heart and respiratory rate monitoring are required.

Treatment
 O Stop all enteral feeds for at least 5 days and provide 

IV fl uids, typically 120 mL/kg/day of 10% glucose with 
added electrolytes. Adjust fl uids as indicated based 
on weight change, urine output and serum electrolyte 
values.

 O If available, place an orogastric tube on low- pressure 
continuous suction or leave the tube open with inter-
mittent gastric aspiration (every 4 hours). The goal here 
is to keep the intestines decompressed. The volume 
of gastric fl uid aspirated is usually relatively small, so 
replacement fl uid is seldom required.

 O Start parenteral broad- spectrum antibiotics (usually 
ampicillin and gentamicin). Because of the probable 
association of Gram- negative anaerobes, also give met-
ronidazole, especially if there is pneumatosis, perforation 
or evidence of peritonitis. Broader- spectrum antibiotics 
may be considered in the presence of extensive disease 
or poor response, or based on culture results.

 O Treat any accompanying shock with Ringer- lactate or 
Hartmann’s solution or colloid, such as 4.5% albumin, 
10 mL/kg over 15 minutes. Repeat if necessary.

 O Measure the haemoglobin concentration daily and 
transfuse if it falls below 10 g/dL. If the infant is bleeding, 
give 1 mg vitamin K IV and fresh- frozen plasma 10 mL/
kg (if available).

 O The principal goal of therapy is to rest the bowel and 
treat any contributing or evolving bacterial infection 
with antibiotics. The duration of this therapy is usually 
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10–21 days, depending on the severity of the process. 
Serial abdominal X- ray studies (if available) are indicated 
early in this disease to monitor for pneumatosis intes-
tinalis or perforation. Ideally, parenteral nutrition should 
be given at this time in place of simple 10% glucose and 
electrolytes. Enteral feeds (breast milk) are reintroduced 
slowly at the end of antibiotic therapy (initially 20–30 mL/
kg/day), with careful monitoring for abdominal distension 
or other signs of obstruction.

In seriously ill infants or infants who do not improve after 
48 hours a surgical opinion should be sought.

Even in hospitals with good surgical support, perfo-
ration of the bowel is not necessarily an indication for a 
laparotomy. The conventional surgical approach has been 
laparotomy with resection of the perforated and adjacent 
necrotic bowel. A stoma and mucus fi stula may be created 

with later anastomosis. An alternative surgical approach is 
to place a peritoneal drain, with laparotomy reserved for 
later complications, if they develop (e.g. bowel obstruction 
from adhesions or bowel wall strictures). Although there is 
some controversy about which approach is best, studies 
suggest that the overall mortality may be similar with either 
approach.

Immediate mortality is quite high, but many cases 
resolve without surgical intervention (although a stric-
ture may occasionally develop about a month later in the 
affected area of gut), where it is usually possible to reintro-
duce feeds after about 5 days. An infant who is sucking 
and showing interest in feeding is usually ready for feeding. 
Intestinal perforation is generally the main indication for 
surgical intervention, but the prognosis really depends on 
whether there is generalised peritonitis and whether some 
part of the gut has become totally dead and gangrenous.



Section 4
Children in 
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4.1 The differential diagnosis of common or serious 
presenting symptoms and signs in children

4.1.A The child with diarrhoea

There are several groups of causes of diarrhoea. For the 
management of acute and chronic diarrhoea, see Sections 
5.12.A and 5.12.B.

Causes of diarrhoea
Infective

 O Acute (< 14 days).
 O Persistent (> 14 days).

Viruses, bacteria and parasites are the agents of 
infection.

Secondary diarrhoea
 O Malnutrition.
 O HIV.
 O Disaccharide intolerance.
 O Malaria.

Chronic (non- infectious)
 O Food intolerance:

 — Milk protein, soy protein
 — Coeliac disease (gluten sensitivity)
 — Multiple food intolerances.

 O Infl ammation:
 — Crohn’s disease
 — Ulcerative colitis.

 O Pancreatic disease:
 — Cystic fi brosis
 — Shwachman syndrome (cyclic neutropenia).

Miscellaneous
 O Non- specifi c ‘toddler’s diarrhoea’.
 O Irritable bowel syndrome.
 O Excessive intake of squash/fruit drinks.

History
 O Duration of symptoms.
 O Nature of stool (e.g. fatty, fl oating, watery, with blood).
 O Number per day.
 O Dietary intake.
 O Other accompanying symptoms.
 O History of foreign travel.

 O Possible food poisoning exposure.

Examination
 O Chart growth/nutritional status.
 O Document degree of dehydration.
 O Look for fever, anaemia, lymphadenopathy, hepatosple-

nomegaly and fi nger clubbing.
 O Look for signs of vitamin or mineral defi ciency, oral ulcers 

and anal fi ssures.
 O Look for candidiasis.

Investigations

TABLE 4.1.A.1 Investigations in the child with diarrhoea

Investigation Looking for:

Stool
Microscopy (warm stool for 
Entamoeba histolytica), white blood 
cell count (WBC), red blood cell count 
(RBC), ova, parasites

Culture

Infection

Stool 
pH (< 5.5)

Clinitest tablets or Benedict’s solution

Lactose intolerance

Stool 
Fat globules

Pancreatic disease

Hydrogen breath test Lactose intolerance

Blood culture (high temperature, 
rigors)

Septicaemia (e.g. 
Salmonella)

Urea, creatinine, electrolytes (if 
oliguria)

Haemolytic uraemic 
syndrome

Hyponatraemia/
hypernatraemia

Full blood count Hidden bleeding

Albumin Chronic diarrhoea

X- ray of abdomen, ultrasound scan Ileus, bowel 
perforation

Urine microscopy Haemolytic uraemic 
syndrome

4.1.B The child with jaundice

Causes of jaundice
 O Neonatal jaundice (see Section 3.4).
 O Excess haemolysis (pre- hepatic):

 — sickle- cell disease (see Section 5.11.B)
 — thalassaemia (see Section 5.11.C)
 — hereditary spherocytosis (see Section 5.11.C)
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 — malaria (see Section 6.3.A.d).
 O Liver disease (see Sections 5.7.A and 5.7.B):

 — hepatocellular
 — obstruction to bile secretion 
 — infective hepatitis
 — acute liver failure
 — chronic liver disease.

History
 O Family history of hereditary haemoglobinopathy or liver 

disorder.
 O Blood transfusion.
 O Anorexia.
 O Abdominal pain.
 O Pruritus.
 O Colour, nature and contents of stools and urine.

Examination
 O Assess growth/nutritional state.
 O Look for skin signs of chronic liver disease (e.g. spider 

naevi, clubbing, leuconychia, liver palms, scratches 
from pruritus).

 O Assess liver and spleen (for enlargement and tenderness).
 O Check for anaemia.

 O Check for ascites.
 O Look for frontal bossing or maxillary overgrowth (sickle- 

cell disease or thalassaemia).
 O Observe colour of stool and urine.

Investigations

TABLE 4.1.B.1 Investigations in the child with jaundice

Investigation Looking for:

Full blood count and fi lm Anaemia 

Reticulocytes Haemolysis

Haemoglobin 
electrophoresis

Sickle- cell disease and 
thalassaemia

Urine Bilirubin and urobilinogen

Liver function tests:

Liver transaminases

Bilirubin conjugated (liver 
disease or biliary obstruction) or 
unconjugated (haemolysis)

Hepatitis

Serology Identifi cation of viral causes

Coagulation Liver failure

Auto- antibodies Chronic active hepatitis

4.1.C The child with lymphadenopathy

Common causes of generalised 
lymphadenopathy

 O HIV infection. 
 O Infectious mononucleosis. 
 O Tuberculosis (TB).
 O Leukaemia.
 O Hodgkin’s and non- Hodgkin’s lymphoma.
 O Cytomegalovirus (CMV), toxoplasmosis. 
 O African trypanosomiasis.

Infective causes of local lymphadenopathy
 O Local skin (especially scalp) infections.
 O Tuberculosis (TB), see Section 6.1.N.
 O Environmental mycobacteria.
 O Cat scratch disease.

History
 O Known epidemiology of HIV and trypanosomiasis in 

the area.
 O Contact with TB.
 O Chronic ill health (e.g. malignancy, HIV, TB). 
 O Determine whether nodes are static or increasing in size.

Examination
 O Chart growth and nutritional status. 
 O Check for fever.
 O Check for liver or spleen enlargement. 
 O Check for purpura or anaemia. 
 O Check for Candida infection.
 O Conjunctivitis, red cracked lips and persistent high fever, 

if present, suggest possible Kawasaki’s disease.

TABLE 4.1.C.1 Investigations in the child with lymphadenopathy

Investigations Looking for:

Full blood count Atypical lymphocytes, leukaemic picture

Thick blood fi lm Trypanosomiasis

Bone marrow Malignancy

HIV tests HIV

Paul- Bunnell test Infectious mononucleosis (positive 60%)

Erythrocyte sedimentation rate (ESR) and C- reactive protein 
(CRP)

Infection, TB

Mantoux test TB, environmental mycobacteria

Serology Epstein–Barr virus, CMV, toxoplasmosis

Chest X- ray TB, malignancy

Lymph node biopsy Diagnostic (lymphomas, etc.)
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4.1.D The child with abdominal pain

Note that this group includes adolescent girls who may be 
pregnant.

Causes of acute and chronic 
abdominal pain

 O Idiopathic:
 — Irritable bowel syndrome (intermittent stool variability).
 — Migraine (headaches with photophobia).

 O Psychogenic.
 O Gastrointestinal:

 — Appendicitis (central pain moving to right lower 
abdomen).

 — Peptic ulcer (upper abdominal pain, vomiting, blood 
in vomit/melaena stool).

 — Gastroenteritis (contact history, watery and/or bloody 
diarrhoea).

 — Intussusception (redcurrant- jelly stool, spasms of 
pain, mass in left lower abdomen).

 — Oesophagitis (retrosternal pain).
 — Infl ammatory bowel disease (loose bloody, mucousy 
stool, weight loss, systemically unwell).

 — Constipation (hard, painful infrequent stool).
 — Bowel obstruction (bile- stained vomiting, abdominal 
swelling).

TABLE 4.1.D.1 Investigations in the child with abdominal pain

Investigation Looking for:

Full blood count Anaemia, eosinophilia, infection

Erythrocyte sedimentation rate (ESR)/C- reactive protein (CRP) Infl ammation

Urea, electrolytes Renal disease

Amylase Pancreatitis

Liver function tests Liver dysfunction, hepatitis

Urine stick test: blood, protein, glucose Glomerulonephritis, nephritic syndrome, diabetes, urinary system 
calculi

Urine microscopy for organisms, casts, culture Infection, glomerulonephritis

Stool, ova, cysts, parasites, white blood cell count (WBC) and red 
blood cell count (RBC)

Infestation, dysentery, infl ammatory bowel disease

Pregnancy test See Section 2

Ultrasound scan (abdomen and pelvis), X- ray (straight abdominal 
fi lm)

Bowel obstruction, constipation, lead poisoning, ovarian cyst, 
pregnancy, calculi

Barium studies and endoscopy Peptic ulcer, infl ammatory bowel disease

Barium studies and endoscopy Peptic ulcer, infl ammatory bowel disease

Differentiating between organic and non- organic (psychological) abdominal pain

Organic Non- organic

Nature of pain Day and night Periodic, often peri- umbilical

History Weight loss/reduced appetite

Lack of energy

Fever

Change in bowel habit 

Urinary symptoms 

Intestinal symptoms 

Vomiting:
 O bile stained
 O continuous
 O blood 

Rectal bleeding

Migraine

School and family problems

Isolated vomiting, not bile stained

Examination Appears ill

Weight loss 

Distension

Absent or accentuated bowel sounds

Shock

Abdominal mass: 
 O constipation 
 O other

Normal, thriving
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 — Food intolerance (e.g. milk protein, gluten) (dietary 
history). 

 — Meckel’s diverticulum. 
 — Henoch–Schönlein purpura (purpuric rash and/or 
arthropathy).

 — Sickle- cell disease (history, anaemia). 
 O Urinary tract:

 — Infection.
 — Calculi.
 — Hydronephrosis.

 O Liver:
 — Hepatitis.

 O Pancreas:
 — Infl ammation (pancreatitis).

 O Malignancy:
 — Lymphoma.

 O Gynaecological:
 — Dysmenorrhoea. 
 — Pelvic infl ammatory disease.
 — Ovarian cyst.

 O Pregnancy related (see Section 2).
 O Respiratory:

 — Pneumonia/pleurisy.
 O Trauma.
 O Poisoning:

 — Lead.

4.1.E The child with anaemia

Anaemia, especially that due to iron defi ciency, is very 
common in resource- limited communities. Anaemia can 
be caused by a combination of inadequate nutrition and 
recurrent infections, such as malaria. Intestinal parasites 
such as hookworm are important causes. Genetic disorders 
such as sickle- cell disease and thalassaemia should always 
be considered in relevant ethnic groups. Acute worsening 
of anaemia may present as heart failure in young children.

For children aged < 6 years, normal haemoglobin 
concentration is > 11.0 g/dL (haematocrit is > 33%), see 
Section 5.11.A.

 O Moderate anaemia: haemoglobin concentration is 
6–9.3 g/dL.

 O Severe anaemia: haemoglobin concentration is ) 6 g/
dL, severe pallor (palmar/conjunctival), may have heart 
failure; gallop rhythm, enlarged liver and pulmonary 
oedema (fi ne basal crepitations in the lungs).

Causes of anaemia
Decreased production

 O Prematurity: at 6–8 weeks postpartum.
 O Hypochromic: iron defi ciency (diet, blood loss, chronic 

infl ammation).
 O Normochromic: chronic infection or infl ammation:

 — nutritional: malnutrition, scurvy 
 — infi ltration: leukaemia, malignancy
 — metabolic: renal and liver disease.

 O Megaloblastic:
 — folic acid defi ciency: infection, coeliac disease, anti-
convulsants, haemolysis 

 — vitamin B12 defi ciency: intestinal resections, Crohn’s 
disease, vegan diet.

 O Hypoplastic: sickle- cell crises, drugs (e.g. chlorampheni-
col), malignancy.

Increased haemolysis
 O Haemoglobinopathies: sickle- cell disease, thalassaemia 

major.
 O Non- immune: drugs, infection, hypersplenism, burns, 

haemolytic uraemic syndrome, disseminated intravas-
cular coagulation, porphyria, snake venoms.

 O Enzyme deficiency: drug- induced and spontane-
ous glucose- 6- phosphate dehydrogenase (G6PD) 

defi ciency, glutathione synthetase defi ciency, pyruvate 
kinase defi ciency.

 O Immune: Rhesus and ABO incompatibility, autoimmune 
(e.g. reticuloses), Mycoplasma infection, systemic lupus 
erythematosus, drugs.

 O Membrane defects: spherocytosis, ell iptocyto-
sis, stomatocytosis, erythropoietic porphyria, 
abetalipoproteinaemia.

Blood loss
 O Perinatal:

 — placental and cord accidents
 — feto–maternal, twin- to- twin transfusions 
 — birth injury (e.g. cephalhaematoma, sub- aponeurotic 
haemorrhage, severe bruising) 

 — haemorrhagic disease of the newborn.
 O Epistaxis.
 O Trauma.
 O Alimentary tract: haematemesis, rectal bleeding, 

hookworm.
 O Blood c lot t ing d isorder  (e .g .  haemophi l ia , 

thrombocytopenia).
 O Renal tract: haematuria.

History
 O Symptoms of anaemia: lethargy, tiredness, shortness of 

breath on exertion, poor growth.
 O Obvious blood loss: epistaxis, haematemesis, haema-

turia, blood in stools.
 O Assess the diet (e.g. inadequate weaning diet).
 O Steatorrhoea.
 O Chronic infection, infl ammation.
 O Drugs: especially antibiotics, antimalarial drugs, anticon-

vulsants, analgesics, cytotoxic agents.

Examination
 O Chart growth/nutritional state.
 O Conjunctivae, nails and palms for pallor.
 O Stomatitis.
 O Jaundice.
 O Bruising, lymphadenopathy or petechiae.
 O Hepatosplenomegaly.
 O Tachycardia, fl ow murmur, cardiac failure.
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Investigations

TABLE 4.1.E.1 Investigations in the child with anaemia

Investigation Looking for:

Full blood count Haemoglobin concentration, white blood cell count, platelet count

Blood fi lm Red blood cell morphology, malaria, target cells, haemolysis

Haemoglobin electrophoresis Sickle- cell disease, thalassaemia

Mean corpuscular volume (MCV), reticulocytes Iron defi ciency, haemolysis 

Coombs’ test Haemolysis

Bone marrow Leukaemia, malignant infi ltration, aplasia

Bilirubin, liver function tests Direct/indirect bilirubin 

Urinalysis Red blood cells, casts, bacteria, white blood cells, protein, culture

Serum ferritin Iron stores

Barium meal/endoscopy Infl ammatory bowel disease

Platelets and clotting Coagulation disorder

Stool microscopy, culture and occult blood Hookworm (egg count), gastrointestinal blood loss

4.1.F The child who is vomiting

The history of the acute, recurrent or chronic nature of this 
symptom indicates the approach to the diagnosis.

Common causes (depending on age)
Infants

 O Gastroenteritis.
 O Gastro- oesophageal refl ux (distinguish from possetting).
 O Overfeeding.
 O Bowel obstruction:

 — pyloric stenosis 
 — intussusception 
 — congenital bowel anomalies.

 O Infection:
 — urinary tract in particular
 — meningitis 
 — otitis media 
 — pertussis.

 O Poisoning:

Children
 O Gastroenteritis.
 O Appendicitis (with pain).
 O Infection: 

 — especially urinary tract
 — meningitis (including TB) 
 — malaria.

 O Bowel obstruction.
 O Ingestion of drugs or poisons.
 O Migraine.
 O Pregnancy.
 O Bulimia (but rarely does a child admit this).
 O Raised intracranial pressure (RICP).
 O Hypertension.
 O Diabetic ketoacidosis.

History
 O Accidental drug ingestion.
 O Check whether it is vomiting, regurgitation or possetting 

(especially in an infant).
 O Is it associated with coughing or a whoop?
 O Is it projectile?
 O Does it contain blood or bile?
 O Is there any diarrhoea or constipation?
 O Is there abdominal pain?
 O Are there urinary or ear symptoms?
 O Is there a family history of migraine?
 O Are there diffi culties in coordination during physical 

activity? Consider the possibility of a middle ear or 
brainstem problem.

Examination
 O Does the child look ill?
 O Is the child febrile? Is there neck stiffness, a full fontanelle 

and/or a rash?
 O Measure the head circumference, especially in infants, 

and check fontanelles and sutures.
 O Is the child dehydrated? Is there an odour?
 O Assess growth and nutritional status.
 O Examine vomit:

 — bile- stained vomit suggests bowel obstruction 
 — blood (coffee grounds).

 O Full examination (include blood pressure, fundoscopy 
and anorectal examination as indicated).

 O Abdomen:
 — test feed for pyloric stenosis: swelling or visible 
peristalsis

 — tenderness or mass
 — check whether bowel sounds are present and, if so, 
what they are like.
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Investigations

TABLE 4.1.F Investigations in the child who is vomiting

Investigation Looking for:

Urine microscopy Urinary tract infection

Full blood count Infection

Thick fi lm Malaria

Urea and electrolytes Pre- renal or renal failure, pyloric stenosis

Blood culture Infection

Lumbar puncture Meningitis

Stool microscopy and culture Ova, cysts, parasites, bacteria and viruses

Liver function tests Hepatitis

Abdominal ultrasound Masses, obstruction, free fl uid

Straight abdominal X- ray/chest X- ray Bowel obstruction, free air

Barium studies and/or endoscopy Specifi c diagnosis

Pregnancy test Pregnancy

Mantoux test TB, meningitis

Brain imaging Raised intracranial pressure

4.1.G The child with a rash

Causes of a rash
Macular rash

 O Viral infections such as measles, sometimes meningo-
coccal infection.

 O Juvenile rheumatoid arthritis.
 O Erythema marginatum: rheumatic fever.

Papular (vesicles, pustules) or bullae (blisters of various 
sizes)

 O Chickenpox.
 O Herpes simplex.
 O Impetigo.
 O Scabies.

Purpuric, petechial, ecchymosis
 O Meningococcal disease.
 O Henoch–Schönlein purpura.

 O Dengue fever.
 O Thrombocytopenia.

Desquamation with or without mucosal involvement
 O Scalded skin syndrome.
 O Toxic epidermal necrolysis.
 O Kawasaki disease.
 O Post- scarlet fever.
 O Post- toxic shock syndrome.
 O Stevens–Johnson syndrome.
 O Epidermolysis bullosa.

Erythema multiforme
 O Allergic reaction to drug or infection.
 O Stevens–Johnson syndrome if very severe (then with 

bullae and mucous membrane redness).

TABLE 4.1.G.1 Investigations in the child with a rash

Investigation Looking for: 

Full blood count, erythrocyte sedimentation rate (ESR), C- reactive 
protein (CRP)

Systemic bacterial infection (e.g. meningococcal disease)

Kawasaki disease

Thrombocytopenia

Blood culture Bacterial infection

Skin swab Bacterial infection

Skin scraping Scabies

Throat swab and antistreptolysin O titre (ASOT) Streptococcal infection

Urinalysis (red blood cell count, casts, protein) Nephritis (e.g. Henoch–Schönlein purpura)

or connective tissue disorders

Skin biopsy Epidermolysis bullosa

Auto- antibodies Connective tissue disorders
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Erythema nodosum
Lesions begin as fl at, fi rm, hot, red, painful lumps approxi-
mately 2.5 cm across. Within a few days they may become 
purplish, then over several weeks fade to a brownish, fl at 
patch. Erythema nodosum is most common on the shins, 
but it may also occur on other areas of the body (buttocks, 
calves, ankles, thighs, and arms).

 O Streptococcal disease.
 O TB.
 O Connective tissue disorders.
 O Sarcoidosis.
 O Drugs.

4.1.H The child with failure to thrive

Approach to failure to thrive
 O Failure to thrive is due to inadequate delivery of nutrients 

to developing tissues.
 O It is usually manifested by failure to gain weight as 

expected.
 O In extreme circumstances, height (length) and head 

circumference may be affected. Plot the mid- parental 
height.

 O The majority of cases are related to gastrointestinal 
disorders: poor intake/malabsorption.

 O Observe feeding, mother’s interaction, child’s behaviour, 
vomiting, diarrhoea and weight gain before embarking 
on investigations.

 O Investigations should take place when a likely system 
and/or disorder has been identifi ed.

 O Always remember the possibility of child abuse.
 O See relevant sections on gastroenterology, chronic infec-

tions, organ failure, hyperimmune disorder.

Failure to thrive: gastrointestinal disorders
 O Oropharynx: cleft palate.
 O Oesophagus: incoordination of swallowing (e.g. cerebral 

palsy).
 O Stomach:

 — Gastro- oesophageal refl ux
 — Pyloric stenosis.

 O Digestion:
 — Pancreas: cystic fi brosis 
 — Liver: cirrhosis.

 O Small gut disorders:
 — Milk protein intolerance
 — Coeliac disease
 — Carbohydrate malabsorption
 — Protein- losing enteropathy 
 — Short gut syndrome 
 — Crohn’s disease.

 O Large gut disorders:
 — Ulcerative colitis
 — Crohn’s disease
 — Hirschsprung’s disease.

Causes of failure to thrive

TABLE 4.1.H.1 Mechanisms of failure to thrive

Mechanism Systems involved:

Inadequate intake Anorexia

Breastfeeding failure

Feeding mismanagement

Swallowing disorders

Loss Vomiting

Diarrhoea

Malabsorption

Structural dysfunction 
of organs

Brain (cerebral palsy, learning 
diffi culties)

Respiratory

Cardiac

Urinary tract

Gastrointestinal tract

Increased requirement 
for nutrients or 
metabolites

Infection

Connective tissue disorders

Immune disorders

Failure of end- organ 
response

Metabolic (e.g. amino acid disorders, 
organic acid disorders)

Endocrine (e.g. thyroid disorder)

Malignancy

Chromosomal abnormalities

Emotional and/or 
psychological

Parental problem:
 O Neglect
 O Abuse
 O Family dysfunction

Child problem:
 O Feeding/behaviour disorders
 O Anorexia nervosa
 O Bulimia
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4.1.I The child with fi ts, faints and apparent life- threatening events 
(ALTEs)

Common causes of fi ts, faints and 
ALTEs

 O Febrile convulsions.
 O Epileptic seizures.
 O Hypoglycaemia.
 O Infantile apnoea/hypoxaemic events.
 O Premature birth.
 O Respiratory infection (e.g. bronchiolitis, pertussis).
 O Sleep- related upper airway obstruct ion (see 

Section 5.1.D).
 O Vaso- vagal episodes (simple faints).
 O Cardiac arrhythmias.
 O Cyanotic breath- holding.
 O White breath- holding (refl ex anoxic seizures).

History
 O Cyanosed:

 — Occurs with infant apnoea
 — Some febrile convulsions/epileptic seizures.

 O Extreme pallor:
 — Vasovagal 
 — Cardiac arrhythmia.

 O Trauma/illness related (especially to head): white 
breath- holding.

 O Emotional upset: cyanotic breath- holding.
 O Snoring/inspiratory stridor during sleep, often with chest 

recession and restlessness: sleep- related upper airway 
obstruction (see Section 5.1.D).

 O Exercise related: cardiac arrhythmia (see Section 5.4.C).
 O Drug abuse.
 O Fabricated or induced illness (see Section 7.6).
 O Convulsions (see Sections 5.16.D and 5.16.E).
 O Preterm infant in fi rst few weeks (see Section 3.4).
 O Respiratory illness.
 O Diabetes/starvation (see Section 5.8.A).

Examination
 O Growth and nutritional status.
 O Signs of respiratory infection.
 O Signs of anaemia (associated with cyanotic breath- 

holding and infant apnoea).
 O Signs of fever.
 O Neurological examination (to exclude or identify neuro-

logical abnormalities).
 O History of breath- holding (see Section 5.16.I).
 O Signs of cardiac disorder.
 O Blood pressure lying and standing, for vasovagal 

episodes.
 O Mouth and throat for enlarged tonsils or retrograde/

small mandible for predisposition to sleep- related air-
way obstruction (the latter is also common in sickle- cell 
disease and Down’s syndrome).

Investigations

TABLE 4.1.I.1 Investigations in the child with fi ts, faints and ALTEs

Investigation Looking for:

Full blood count Anaemia, infection

Blood glucose concentration Hypoglycaemia

Haemoglobin electrophoresis Sickle- cell disease

ECG Wolf–Parkinson–White syndrome and long QT syndrome

Structural lesion of heart

Oxygen saturation during sleep Low baseline SaO2 predisposes to infant apnoea/hypoxaemic events

Should be > 94% (at sea level) (see Section 9, Appendix)

Especially common in preterm infants and infants aged < 6 months with 
respiratory infection

Video (if available) during sleep (parents can do this with 
a mobile phone)

Sleep- related upper airway obstruction

EEG and video during episode Epileptic cause

Chest X- ray Lung disease in infantile apnoea/hypoxaemic events
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4.1.J The child with generalised oedema

The major differential diagnosis relates to the presence 
or absence of hypoalbuminaemia.

Common pathophysiology
 O Heart failure:

 — Jugular vein pressure increased, liver enlarged, triple 
rhythm, murmurs, basal lung crepitations.

 — Cardiovascular disorders.
 — Severe anaemia. 

 O Acute glomerulonephritis. 
 O Low serum albumin:

 — Nephrotic syndrome.
 — Liver disorders.
 — Protein- losing enteropathy (e.g. malabsorption, intes-
tinal lymphangiectasia).

 — Malnutrition.
 O Increased vascular permeability: 

 — Anaphylaxis (history). 
 — Shock.

 O Over- hydration (particularly excessive IV solutions such 
as 5% dextrose).

History
 O Shortness of breath, chest pain (pericarditis). 
 O Blood in urine (nephritis).
 O Facial swelling (nephrotic syndrome or acute glomeru-

lonephritis, anaphylaxis).
 O Nutritional history (malnutrition).
 O Gastrointestinal symptoms (protein- losing enteropathy).
 O Exposure to allergen or sting (anaphylaxis).
 O Excess and/or inappropriate IV fl uids.

Examination
 O Chart growth and nutritional status, and look for features 

of kwashiorkor and vitamin defi ciencies.
 O Cardiovascular system, including blood pressure. 
 O Rash with or without wheeze/stridor (anaphylaxis).
 O Widespread purpuric rash/very ill patient (meningococ-

cal septicaemia).
 O Jaundice or other signs of liver disease. 
 O Anaemia and lymphadenopathy. 
 O Enlarged liver and/or spleen. 
 O Ascites (especially nephrotic syndrome). Ascites may be 

transudate (e.g. nephrotic syndrome) or infl ammatory 
(e.g. TB, peritonitis). Abdominal malignancy may cause 
ascites and obstructive oedema of the lower limbs.

Investigations

TABLE 4.1.J.1 Investigations in the child with generalised oedema

Investigation Looking for:

Full blood count Anaemia

Urinalysis:
 O Dipstix: protein, blood

Bilirubin

Microscopy: red blood cell count, casts

Nephrotic syndrome, nephri tis

Liver disease

Nephritis

Stool Hookworm

Serum albumin Low albumin levels

Imaging: abdominal ultrasound Hepatosplenomegaly 

Malignancy 

Ascites (transudate/infl ammation)

Echocardiogram Cardiac disorders

Ascitic fl uid 

Colour: clear, cloudy, bloody, chylous

Cells: white blood cell count, malignant cells 

Protein: < 25 grams/litre transudate 

 > 25 grams/litre exudate

Ziehl–Neelsen stain 

Culture: 

Infl ammation (e.g. from TB)

Infection, malignancy

TB

TB/general
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4.1.K The child with headaches

 O Headaches are common in children.
 O They should be taken seriously if they persist.
 O Their prevalence increases with age.

Acute headache
Common causes of acute headache include the following:

 O Febrile illness.
 O Meningitis/encephalitis.
 O Acute sinusitis: pain and tenderness (elicited by gentle 

percussion) over the maxilla; there is usually a history 
of preceding upper respiratory tract infection and a 
postnasal discharge may be present.

 O Head injury.
 O Raised intracranial pressure.
 O Intracranial haemorrhage (severe sudden headache, 

with rapid loss of consciousness).
 O Migraine.

A careful history and physical examination will usually reveal 
the cause.

Raised intracranial pressure (RICP)
 O Headache may be sudden or gradual in onset, often 

occipital in location and becomes progressively more 
severe.

 O Made worse by lying down (in contrast to migraine and 
tension headache, which are relieved by lying down), 
by coughing, stooping and straining, and may wake 
the child from sleep.

 O Worse in the morning and often associated with nausea 
and vomiting.

 O Other signs of raised intracranial pressure may be 
present, such as impaired consciousness, bilateral 
abducens sixth nerve palsies (false localising sign) and, 
when severe, bradycardia and hypertension.

 O Papilloedema is a late sign.
 O Localising neurological signs may be present, depend-

ing on the site of the lesion. Ataxia suggests a posterior 
fossa tumour; cranial nerve palsies suggest a brainstem 
lesion; visual fi eld defect suggests a craniopharyngioma; 
unequal pupils suggest a supratentorial lesion such as 
subdural haematoma.

 O In endemic areas, cerebral malaria and neuro- 
cysticercosis are important causes.

Benign intracranial hypertension
 O Raised intracranial hypertension without any space- 

occupying lesion or obstruction of the CSF.
 O Can be caused by drugs (corticosteroids, especially 

during withdrawal, ampicillin, nalidixic acid) and sagittal 
sinus thrombosis.

 O Most without cause, especially in young adolescent girls.

Recurrent or chronic headaches
Two common causes are anxiety (tension) and migraine.

Tension headache
 O This affects around 10% of schoolchildren.
 O Typically the headache is symmetrical and described as 

hurting or aching over the cranial vault.
 O The headache develops gradually and is not associated 

with other symptoms.
 O It is induced by stress (e.g. due to school examinations, 

assignments, etc.) and can coexist with migraine in the 
same child.

 O It may be caused by isometric contraction of the head 
and neck muscles in anxious children.

Migraine
See Section 5.16.J.

Conversion (hysterical) headache
 O Headache can be a conversion symptom used by the 

child to gain attention.
 O The initial headache may have been due to an organic 

cause (e.g. febrile illness), but its persistence and recur-
rence are due to psychological factors.

Management of headaches 
See also Section 5.16.A relating to an acute onset of 
headache.

 O A detailed history and a careful full examination should 
be undertaken in order to rule out serious underlying 
causes.

 O Investigations are rarely needed.
 O X- ray of the sinuses will confi rm sinusitis and CSF exami-

nation will confi rm meningitis/encephalitis.
 O A CT scan of the brain is essential if raised intracranial 

pressure is suspected or if there are localising neuro-
logical signs.

 O Treatment is directed at the underlying cause and at 
pain relief.

 O Benign intracranial hypertension can be alleviated with 
corticosteroids (dexamethasone 0.6 mg/kg/day in two 
divided doses) and/or acetazolamide (8 mg/kg 8- hourly, 
increasing to a maximum of 32 mg/kg/day) and repeated 
lumbar puncture.

 O For tension and conversion headaches, counselling and 
stress management are important.

Relief of pain
For most headaches, simple analgesics alone or com-
bined with non- steroidal anti- infl ammatory drugs (NSAIDs) 
will suffi ce (e.g. paracetamol with or without ibuprofen). 
Remember that frequent or recurrent use of analgesics 
can cause headaches.
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4.1.L The child with respiratory distress

Presenting features
 O Tachypnoea.
 O Increased effort of breathing: tracheal tug, inter/sub- 

costal recession.
 O Poor feeding, sleep disturbance.
 O Grunting.

 O Unable to speak in sentences. 
 O Positioning: sitting up/forward, neck extension, splint-

ing chest. 
 O Tachycardia.
 O Altered mental state: agitation (hypoxaemia)/drowsiness 

(hypercapnia).
 O Pallor/cyanosis (late sign).

Causes

TABLE 4.1.L Causes of respiratory distress

Common cause Findings on examination

Upper airway obstruction Stridor, hoarse voice, drooling, sitting up, head held forward 

Inhaled foreign body Suggestive history, tracheal deviation, unilateral hyper- expansion 
on chest X- ray

Asthma Hyper- expansion, wheeze, reduced air entry, reduced peak fl ow, 
hypoxaemic (SaO2 < 94% at sea level)

Bronchiolitis Inspiratory crackles, wheeze, hypoxaemic (SaO2 < 94% at sea 
level)

Pneumonia Fever, grunting, pleuritic or abdominal pain, signs of con-
solidation or effusion.

Clubbing indicates chronic disease (e.g. bronchiectasis)

Tuberculosis Contact history, lymphadenopa thy, fever, weight loss

Pneumothorax Unilateral hyper- resonance on percussion, tracheal deviation, 
apex displacement

Cystic fi brosis Recurrent respiratory infections, failure to thrive, fat 
malabsorption, family history

Heart failure/pulmonary oedema Sweaty, gallop rhythm, hepatomegaly, heart murmurs, basal lung 
crepitations, raised jugular venous pressure (JVP)

Sickle- cell disease/acute chest syndrome Hypoxaemia (SaO2 < 94% at sea level), chest pain

Investigations

TABLE 4.1.L.2 Investigations in the child with respiratory distress

Investigation Looking for:

Oxygen saturation (pulse oximeter) Hypoxaemia < 94% at sea level

Chest X- ray Lung disorder

ECG, echocardiogram Heart disorder

Mantoux TB

Erythrocyte sedimentation rate (ESR), C- reactive protein (CRP) Infl ammation

Full blood count Infection

Haemoglobin electrophoresis Sickle- cell disease

Bronchoscopy Foreign body

Sweat test or DNA analysis Cystic fi brosis
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4.1.M The child with pyrexia (fever) of unknown origin (PUO)

Defi nition
Pyrexia of unknown origin (PUO) is defi ned as a minimum 
temperature of at least 38.3°C for 1–3 weeks with at least 1 
week of hospital investigation. It is very important to deter-
mine whether fever is continuous or recurrent by plotting it 
on a chart (see Section 9, Appendix).

Baseline investigations
 O Full blood count and fi lm.

 O Erythrocyte sedimentation rate (ESR)/C- reactive protein 
(CRP).

 O Blood cultures.
 O Thick fi lm and/or rapid diagnostic test (RDT) for malaria 

(endemic areas/recent foreign travel).
 O Mantoux test.
 O Epstein–Barr and other viral serology.
 O Urine microscopy/culture.
 O Chest X- ray.
 O Lumbar puncture (if meningeal signs are present).

TABLE 4.1.M.1 Relatively common causes of pyrexia of unknown origin in children

Cause Specifi c investigation

Bacterial infection Tuberculosis

Campylobacter 
Typhoid 

Brucellosis

Cat scratch disease

Rheumatic fever

Chest X- ray, tuberculin skin test, lumbar puncture

Stool culture

Blood and stool culture; serology, but unreliable. Clinical signs 

Serology

Lymph node biopsy

Throat swab, anti- streptolysin O titre (ASOT)

Localised infection Hidden abscess

Bacterial endocarditis

Osteomyelitis

Pyelonephritis

Cholangitis

Abdominal ultrasound scan

Blood cultures, echocardiogram

X- ray, bone scan

Urine microscopy and culture

Abdominal ultrasound scan

Spirochaete infection Borrelia
Syphilis

Leptospirosis

Serology

Serology

Serology blood and urine culture

Viral infection HIV

Epstein–Barr virus 

Serology

Serology, Paul- Bunnell test, blood fi lm; atypical lymphocytes

Chlamydia infection Psittacosis Serology

Rickettsial infection Q fever Serology

Fungal infection Histoplasmosis Serology and culture

Parasitic infection Giardiasis

Malaria

Trypanosomiasis

Toxoplasmosis

Toxocariasis

Leishmaniasis

Fresh stool microscopy

Blood fi lm, rapid diagnostic test

Thick blood fi lm

Serology

Serology, blood eosinophil count

Serology, bone marrow

Connective tissue disorder Juvenile idiopathic arthritis

Systemic lupus erythematosus

Auto- antibodies

Auto- antibodies

Neoplasia Lymphoma

Leukaemia

Neuroblastoma

Wilms’ tumour

Node biopsy

Blood fi lm/bone marrow

Urinary VMA

Ultrasound or CT scan

Miscellaneous Kawasaki disease

Infl ammatory bowel disease

Fabricated illness

Erythrocyte sedimentation rate (ESR), platelets, clinical fi ndings

Barium studies/endoscopy

Surveillance
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4.2 Caring for children and young people in 
hospital

4.2.A Nursing sick children

BOX 4.2.A.1 Key points
 Q Children are not ‘small adults’.
 Q Good basic care is essential and may reduce the need 

for further intervention.
 Q Have a system for allocation of nurses to patients. Any 

system is better than no system.
 Q Keep the sickest children in the place where they can 

be seen most easily.
 Q Provide information for children and their families and 

involve them in decision making. This reduces anxiety, 
improves their compliance and will make your care 
more effective.

 Q Empower the parents to provide care. This is better for 
the child and will help you.

Introduction
The spectrum of professional nursing care is vast, and 
ranges from the challenges of meeting basic human needs, 
key assessment and monitoring roles, to complex case 
management. Irrespective of the particular arena of nurs-
ing, the priority is to ensure that healthcare retains a focus 
on humane actions that increase the quality and effective-
ness of care. 

Much can be achieved by a skilled ‘child- friendly’ 
approach that leads to minimal intervention and trauma and 
includes the family as caregivers and, where appropriate, 
the child in decision making. 

Children are unique, both as individuals and as a group, 
with rights enshrined by the UN Convention on the Rights of 
the Child (UNCRC) 1989. They are not ‘small adults’ – they 
have physical, psychosocial and physiological needs and 
responses that are different from those of adults. Effective 
nursing requires knowledge of these differences (record-
ing vital signs means little without an understanding of the 
normal range).

Role and education of nurses
The role and status of nurses, together with the education 
that they receive, varies widely, although there are steps 
to increase standardisation. Many countries provide no 
specifi c training in the nursing of sick children. Good care 
is often delivered despite many challenges, but optimum 
care can only be consistently achieved by education and 
professional accreditation that relates specifi cally to the 
holistic physiological, physical and psychosocial care of 
the child and their family.

The increasing demands of healthcare sometimes result 
in an overlap of roles undertaken by nursing and medical 
staff. In many situations, the nurse may be the most expe-
rienced or skilled healthcare professional present. 

The value of involving families in care
Hospitalisation is often a frightening experience in an unfa-
miliar environment, where the family no longer have their 
usual control over everyday life. Nurses should aim to return 
much of that control back to the child and family, and work 
to ensure that they receive the best care possible, given the 
environment and resources at their disposal.

The potential benefi t and contribution of the parents 
cannot be overestimated. If the child’s family is available, 
they should be encouraged and supported to participate 
in the child’s care. Parents provide valuable information 
about what is normal for their child and how this may have 
changed. Since they know their child best they are often the 
fi rst to notice small changes in his or her condition that may 
later prove signifi cant. However, this critical knowledge can 
only be utilised for the benefi t of the child if the contribution 
of families is recognised and valued. 

Nurses as communicators and advocates
Nurses are central to communication between the multi-
disciplinary team and the family. They have a key role as an 
active advocate for the child, although this is often easier to 
say than to do. The hierarchical cultures in some healthcare 
systems can conspire against this, often to the detriment 
of the child. It is the responsibility of all healthcare profes-
sionals to promote an environment in which the views of 
all involved in the child’s care, but especially the views of 
the child and their parents, are heard. 

Inappropriate and unnecessary painful interventions and 
investigations, long hospitalisations without good reason 
and unnecessary separations from the family cannot be 
justifi ed and are an abuse of children’s rights under the 
UNCRC. Hospitals and other healthcare settings present 
numerous potential risks to children. It is the responsibility of 
every healthcare facility to be a place of safety, and of every 
healthcare worker to protect the best interests of children. 

Basic nursing care
Organising care
In many places a small number of nurses have to look after 
many children. This makes it very diffi cult to provide good 
care, and this is a major (and sometimes overwhelming) 
challenge for nurses. 

It is important to organise nursing care well and effi -
ciently, particularly when resources and the number of 
nurses are low. Even when there are good resources, poor 
organisation will result in suboptimal and inequitable care. 

A system of allocating certain numbers of patients 
to nurses, or grouping children by the acuteness of their 
needs, can help to make the best use of available resources 
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and ensure some continuity of care. However, any system 
of care is likely to be better than no system at all.

In busy settings is it also important to place the sicker 
children (particularly children without a parent present) in 
beds where they can be easily and most frequently seen – 
for example, near to the nurses’ station. 

The importance of basic care
Although patients may sometimes require complex treat-
ment, there are basic needs that will always have to be 
met. Unfortunately, these are sometimes viewed as being of 
secondary importance, but providing good basic care often 
reduces the need for further intervention, and can enhance 
other therapies (e.g. the beneficial effect of improved 
nutrition on wound healing), whereas poor basic care 
has the opposite effect (e.g. the adverse effects of stress 
on respiratory and cardiac function). Where therapeutic 
options are limited due to lack of availability, limited fi nancial 
resources, etc., or perhaps where no further curative treat-
ment is possible, the provision of good basic personal care 
is particularly relevant. It is invariably viewed as part of the 
nursing role, but in fact the underlying approach required 
is common to all healthcare professionals, and it should be 
understood that the provision of such care is rarely a simple 
task. It requires understanding, skill and patience, and is a 
subject that justifi es a separate or expanded publication. 
Only the bare essentials are covered in this manual.

Information, participation and comfort
Hospitalisation often represents a traumatic change in the 
life of a patient. Much that was previously familiar and pre-
dictable in their life has now been replaced by an unfamiliar 
environment and fears about an uncertain immediate (and 
maybe long- term) future over which they have little control. 
Our words and facial expressions convey a stream of mes-
sages, but we often have little understanding of how we 
are perceived. Effective communication plays a vital role in 
the care of patients, and has a dramatic impact on their 
experience of and response to treatment.

Both the patient and their family have a need to trust 
those who are caring for them, to be told what is wrong 
and also to know what is going to happen to them. This 
is a major factor in helping them to adjust to the situation, 
develop coping strategies and make decisions about their 
own care.

The ‘information needs’ of children are often neglected, 
sometimes because it is assumed that their understanding 
is limited. However, even young children have a need to 
be given information in a language that is understandable 
to them. In the absence of reliable information, a child’s 
fantasy may well be far more distressing than the reality.

These issues are also very important in preparing the 
patient (and their family) for a procedure. They need to be 
told truthfully and sensitively what will happen, particularly 
if it might be painful. If the patient is not warned, their trust 
in those around them can be destroyed, future procedures 
will be feared, their anxiety will be increased and the nursing 
task will be made more diffi cult.

Communication is a two- way process. It involves both 
conveying the message effectively and having an under-
standing of the thoughts and feelings of the other person. 
Children and their families should be allowed and encour-
aged to participate in decisions that affect them. This 
requires a willingness and ability to engage with them and 

actively listen to them, and to interpret non- verbal signs that 
often tell a different story to the words that are actually spo-
ken. Patients need to express their worries and anxieties. 
Young children do not always have suffi cient vocabulary to 
convey how they feel, so the use of play and other activities, 
such as drawing, is a useful way to enable them to express 
themselves and to give them control.

Factors that may appear trivial to an adult may be 
important to a child. There may be issues causing distress 
that can be easily resolved, and in cases where there is not 
a solution, the feeling of isolation that is often experienced 
by these children can be helped by having someone to 
share their anxieties with.

Where the situation is grave, families sometimes strug-
gle to discuss distressing subjects with their child. Although 
these are diffi cult and emotional situations, even very young 
children are extremely sensitive to the distress and anxiety of 
their family. They often have a much greater level of aware-
ness than is generally realised, and failing to acknowledge 
the reality of their position may intensify their feelings of 
isolation by denying them the opportunity to express how 
they feel or to ask questions. 

This all takes time, which may well be in short supply 
(another reason for encouraging family involvement), so it is 
important to make the most effective use possible of the little 
time you may have with a patient. The way you approach, 
talk to and touch the patient can make a big difference to 
the way they feel. It helps to build trust and it infl uences 
their compliance. Touch is a powerful tool and can convey 
more than words in terms of comfort and reassurance. 
Having their personal needs attended to may unfortunately 
be one of the few times during the day that a patient has 
the opportunity for human touch, so it is important to be 
kind, gentle and thoughtful in your approach.

Personal hygiene and protection of privacy 
and dignity
Personal care can contribute signifi cantly to the way a sick 
or dying patient feels, and can prevent further problems 
such as sores at pressure areas. Attention to personal 
hygiene needs should always be given in a manner that 
protects the dignity of the patient. Even very small children 
often feel shy or uncomfortable when being attended to by 
an unfamiliar person, and this is particularly the case with 
older children and teenagers. It is another very good reason 
for encouraging the family to be involved in the patient’s 
care, as well as helping to fulfi l the natural wish of many 
parents to participate in this way.

When washing the patient, extra attention should be 
paid to skin folds, the neck, the back, the ears and the 
genitals, and the child should be encouraged to do as 
much as they are able. Patients who are malnourished, who 
have been sick for a long time or who have malignancies 
can have fragile skin that easily breaks down and requires 
special attention. An effective method that can be used by 
both professional and family carers is to gently change the 
patient’s position at frequent intervals. This relieves the pres-
sure on any given part of the body, and prevents reddening 
and breakdown of the skin. Pain relief should be given to 
prevent discomfort (see Section 1.15) and, when possible, 
pressure- relieving measures are also helpful.

Good mouth care is very important, and the patient 
should be encouraged to maintain this when in hospital. 
For children who have not brushed their teeth before, this 
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is a good opportunity to start, and help needs to be given 
to those who are unable to do this. In patients who are very 
sick or who are dying, mouth care can help to prevent many 
problems, including bad breath, bleeding, infection, ulcera-
tion and pain, that can signifi cantly add to their suffering. 
For these patients the following measures can be helpful:

 O using a soft toothbrush or mouth sponge to clean the 
patient’s mouth regularly

 O using wet mouth swabs if the patient’s oral intake is low
 O using lip balm for dry lips.

Hydration and feeding
Children can quickly become dehydrated, particularly if they 
suffer from diarrhoea, vomiting and/or fever, or when they 
are too tired and lethargic to drink. Any caregiver should 
be able to recognise the observable signs of dehydration 
(for signs and symptoms, see below and Section 5.12.A).

Severe dehydration: two or more of the following 
signs are present:

 O Lethargy/unconsciousness
 O Sunken eyes
 O Unable to drink or drinks poorly
 O Skin pinch goes back very slowly (2 seconds or more).

Some dehydration: two or more of the following signs 
are present:

 O Restlessness/irritability
 O Sunken eyes
 O Thirsty/drinks eagerly
 O Skin pinch goes back slowly.

Other signs include the following:
 O Reduced urine output/concentrated urine
 O Increased pulse rate
 O Increased respiratory rate
 O Dry mouth
 O Sunken fontanelle, where relevant.

A swift response to a patient who either is, or is likely to 
become, dehydrated can prevent a further deterioration 
and the need for IV fl uids. Oral rehydration solution (ORS) 
powder to be mixed with boiled and cooled water (and 
also daily zinc supplementation) should be available in all 
hospitals, but in its absence the following will be suitable:

 O To 1 litre of boiled water that has been allowed to cool 
add 6 level teaspoons of sugar and half a level teaspoon 
of salt (the solution should taste no saltier than tears).

 O Dhal water, rice water, bean broth, fruit juices and thin 
porridge cereal are also effective.

 O Breastfeeding mothers should be advised to breastfeed 
their child more often during episodes of diarrhoea.

Trying to persuade a patient, particularly a sick young child, 
to drink is not always easy: 

 O Encourage the patient to drink small amounts and often.
 O Give them an age- appropriate explanation of why this 

is important. 
 O Involve the patient and decide together with them how 

much they will try to drink each hour.
 O A child under 2 years of age needs to drink between a 

half and a quarter of a 250- mL cup for every watery stool.
 O A child over 2 years of age needs to drink between a 

half and one full 250- mL cup for every watery stool.

For small children or those who are too tired to drink by 
themselves, the following measures can be helpful:

 O Use a small cup, spoon or syringe.
 O Encourage the child to play, or to participate by using 

the syringe him-  or herself. 
 O Give small rewards for drinking.
 O Give praise when fl uid is taken.

Patients often lose their appetite when they are ill. In short 
acute episodes, the main priority is fl uid intake and the 
replacement of salts. However, in longer periods of illness 
it is essential to ensure an adequate nutritional intake. 

Anxiety caused by separation from their family can 
cause children to lose their appetite, and when they fi nd 
themselves in an unfamiliar environment such as a hospital, 
a choice over whether or not to accept food or drink may 
represent the only control that the child still possesses. 

Feeding diffi culties often cause distress to families. 
The parents of a child who is dying may feel that a lack 
of nutrition will contribute to or hasten their child’s death. 
These anxieties should be understood. It should also be 
explained to the parents that loss of appetite is sometimes 
part of the deterioration process, and the patient should be 
encouraged to eat what they want.

It is important to recognise and manage other factors 
that have an effect on oral intake, such as sore mouth, 
nausea, vomiting and constipation.

Try the following:
 O Provide familiar food for the patient, and let them choose 

the food if possible.
 O Encourage children to feed themselves if they are able 

to do so, and encourage the parents to help.
 O Avoid performing invasive procedures immediately 

before or during a meal. 
 O Try giving small amounts of food often, rather than two 

or three large meals a day.
 O Avoid giving the child highly spiced or strong- smelling 

foods unless such foods are the cultural norm for them.
 O Give food at familiar times for the child, and try to make 

mealtimes fun.
 O Praise the child when they eat, but do not criticise or 

punish them when they cannot.

Where possible, keep an accurate written record of all the 
patient’s fl uid and dietary intake, and also their output (urine, 
stool and vomit) (for an example of a chart, see Section 9, 
Appendix). Compare the total intake and total output over 
a given time period (usually 24 hours), and add an amount 
for insensible losses through perspiration and breathing 
(approximately 15 mL/kg/day, or more if the child has fever 
or is in a hot environment). Alongside clinical observations, 
this will give an indication of the patient’s hydration level, 
and will also give warning of a patient who is becoming 
dehydrated. In reality, written records are often inaccurate 
and frequent weighing (e.g. once each day at the same time, 
wearing clothes of similar weight) can provide a valuable 
guide to fl uid balance.

Elimination
For the management of constipation and diarrhoea, see 
Sections 5.12.A and 5.12.C. 

The elimination habits of children vary with the individual, 
but often change when they are sick or in hospital. There 
are many possible causes of this, including the disease 
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process, surgery, injury, and medication. Anticipating prob-
lems can do much to help. However, awareness of basic 
issues is always important.

 O Maintain an adequate level of hydration.
 O Obtain information about the child’s normal elimination 

pattern.
 O Children may be too frightened to go to the toilet in a 

strange place. 
 O Pain (e.g. from a urinary tract infection, anal fi ssure or 

post delivery in pregnant adolescent girls) may cause a 
patient to retain and deny the need to go to the toilet. 
Analgesia and simple measures such as sitting the 
patient in warm salty water can help to ease the pain 
and encourage urination or defecation.

 O A patient who is passing bloodstained stools may be 
frightened and need reassurance.

 O Praise and encouragement are important and effective.

Further reading and resources
Huband S, Hamilton- Brown P and Barber G (2006) Nursing 

and Midwifery: A Practical Approach. Oxford: Macmillan 
Education.

Maternal and Child Healthcare Initiative (MCHI): http://
media.wix.com/ugd/dd2ba4_ef4f40edd7a8993a8621a-
2caea7e4338.pdf 

Nicholson S and Clarke A (2007) Child Friendly Healthcare: 
a manual for health workers. www.cfhiuk.org/publications/
cfhi_manual.htm

WHO and UNICEF (2010) Facts for Life, 4th edition. New 
York: UNICEF. www.who.int/maternal_child_adolescent/
documents/9789280644661/en/

World Health Organization (2014) Pocket Book of Hospital 
Care for Children: guidelines for the management of 
common illnesses with limited resources, 2nd edition. 
Geneva: World Health Organization. www.who.int/mater-
nal_child_adolescent/documents/child_hospital_care/
en/ 

4.2.B Nursing care for adolescents 

Introduction
Adolescents are not small adults. Between the ages of 10 
and 19 years their needs are complex as they make the 
diffi cult transition from dependency to responsible and 
independent adulthood. They are feeling their way towards 
this independence but at the same time may not feel con-
fi dent, even if they are reluctant to admit this. When they 
are ill enough to require hospital care, frequently because 
of pregnancy and delivery, these pressures are even more 
marked.

Changes in adolescence that are 
relevant to hospital care
Sexual risk in adolescence
Adolescents, particularly girls, are vulnerable to sexual 
exploitation, especially if they are living in poverty. They 
may not know how to negotiate whether to have sex or 
not, or how to protect themselves from sexually transmitted 
infections (STIs) and pregnancy. They may have no caring 
adult to turn to. There are many stories of adolescent girls 
being coerced into unwanted sexual activity by those in 
positions of responsibility. They may be promised high 
school marks, or clothing, or money they need to help their 
families. They may fear reporting this, feeling that they will be 
shamed or not believed. They may be raped by men whom 
they know or to whom they are related, or by strangers, 
particularly in times of confl ict and displacement. They 
may be endangered when rape is seen as bringing shame 
on the family. It may be diffi cult or impossible to prevent 
pregnancy, or they may not know how to do so. They may 
fail to report a pregnancy until it is too late for much of the 
antenatal care that is available. They may attempt to abort 
the fetus with extreme risk to their own life because they 
do not know what else to do. At the very least, these young 
women are vulnerable to STIs, including HIV and human 
papilloma virus (HPV) (the latter being a cause of cervical 
cancer). Such diseases (see Section 6.1.J) may be silent, 
or these young women may not know what to do or who to 

tell about symptoms that they experience. There is a high 
risk that pelvic infl ammatory disease will result in infertility.

Pregnancy and childbirth
For an adolescent girl, pregnancy itself brings additional 
threats. She may not yet have completed her own growth 
and physical development. Her pelvis may not be fully 
developed, and the risk of obstructed labour and its conse-
quences, namely fetal damage or death, maternal death or 
fi stulae, is greater than for older women. She needs good 
nutrition for her own growth but has to provide for the fetus, 
and then for lactation, at the same time. The potential for 
malnutrition is high unless she has access to all the nutrients 
she requires. For this reason it is important that her nutri-
tion status is monitored during pregnancy. She should also 
be given advice, help and micronutrient supplementation.

Other health dangers await pregnant adolescent 
girls. They are at greater risk of developing anaemia and 
pregnancy- induced hypertension, including pre- eclampsia 
and eclampsia. Stillbirth and neonatal mortality rates are 
higher in this age group, and babies are often of low birth 
weight. These girls may also have undergone female genital 
cutting (FGC) (see Section 2.10), with the many and lifelong 
health problems this may cause, and even social exclu-
sion because of resulting fi stulae or death from obstructed 
labour. Overall, complications of pregnancy and childbirth 
are the leading cause of death among female adolescents 
according to the World Health Organization (WHO). 

Despite the dangers, many girls achieve a successful 
pregnancy outcome and become competent mothers. 
They may have to do this without the support of the baby’s 
father or even their parents, and will have their education 
disrupted or even ended. They will often have to bring up 
the child in poverty, perhaps also being excluded socially. 
Others are married at a very young age, not necessarily 
willingly. Any adolescent mother (and father) will need help 
with parenting and the development of life skills to prevent 
their circumstances from spiralling downward. Family plan-
ning advice will be very important to enable these young 
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women to avoid further pregnancies too soon, which would 
add to the downward spiral.

Mental health problems
Mental health problems are not confi ned to adults. Apart 
from having psychiatric disorders such as schizophrenia, 
young people may be depressed and confused, bullied, 
abused emotionally and psychologically as well as physi-
cally, and have to take part in activities that cause great 
stress. They may be forced to become child soldiers, they 
may have to take responsibility for other children in their 
family and even care for adult relatives such as parents with 
AIDS, and they may experience personal loss. An unhappy 
home life may lead to self- harming, to life- threatening eating 
disorders and to attempted suicide, any of which may result 
in hospital admission. 

Malnutrition 
It is not just in pregnancy that young people become mal-
nourished. Malnutrition may occur because of poverty, or 
lack of access to healthy foods, or because of peer pressure 
and habit. This has substantial implications for their growth 
and development, their general health in the future, and their 
ability to recover from adolescent illness.

Implications for hospital care
Hospital care for adolescents is particularly difficult. 
Providers need to be sensitive to the needs and fears of 
these young people, and avoid being judgemental. A bad 
experience or poor- quality services may lead to adolescents 
failing to return, and possibly spreading the word to their 
friends. For a girl to have to attend an antenatal clinic along-
side older and obviously married women is hard. To have 
to sit in a family planning clinic alongside women from her 
own community, and to have to tell a nurse (who may be a 
relative or who may know her parents) that she is sexually 
active is even harder. Young men will fi nd it equally diffi cult 
to attend for contraceptive advice, and for adolescents of 
both sexes, attending an STI clinic could be an ordeal that 
they do not wish to repeat. At the same time, the pressures 
on young people are often so great that bad experiences 
are not effective deterrents to risky behaviours.

Dignity, privacy and confi dentiality 
Hospital care can be an experience of dignity and accept-
ance, or of rejection and embarrassment. Adolescents are 
unlikely to have special areas or wards except in the most 
well- resourced units. However, some kind of arrangement 
is needed to ensure that they are not nursed in the same 
space as very much older people, or with young children, 
and certainly not in mixed- sex areas. Facilities for privacy 
are needed, such as curtains around beds and inter-
view spaces, and some arrangement should be made to 
ensure that interviews and conversations cannot be easily 
overheard. 

Preservation of dignity, privacy and confi dentiality is as 
important for adolescents as it is for adults. Going through 
puberty can make adolescents particularly self- conscious 
and even traumatised when examinations, such as those 
of their genitals, are performed insensitively or roughly. This 
may be especially diffi cult for young women (or men) who 
have experienced violence or sexual assault. Adolescent 
males may also feel great shame th at an assault has 

happened and that they have been unable to prevent it. 
Therefore every effort needs to be made by care providers, 
from healthcare professionals to cleaners and porters, to 
maintain the privacy, dignity and confi dentiality of these 
young people. 

Confi dentiality can be a particular issue when patients 
are minors, under the age of consent for the country in 
which they live. Parents or guardians may need to be given 
information that young people would prefer was not shared. 
There is no clear answer about how much those responsible 
should be told if the adolescent indicates that information 
should be withheld. Carers will need to be guided by their 
ethical codes and make decisions according to the best 
interests of each individual young person, as well as to the 
prevailing laws. 

Parents or guardians may have legal powers to decide 
what treatment adolescents should receive, such as giving 
consent for surgery, but every effort needs to be made to 
take the young person’s wishes and views into account. In 
some countries, even a court of law will take a child’s wishes 
into account as they near the age at which they have the 
right to make decisions. 

Services for young people with a disability
Care providers need to be particularly vigilant in providing 
services for young people living with disabilities, especially 
mental or learning disabilities. These people are vulnerable 
to abuse, to fi nding services inaccessible or inappropriate, 
and to misunderstanding of their needs. When they are 
away from their normal environment, as when in hospital, 
they may become withdrawn, confused and possibly 
uncooperative. Ensuring that young people with a dis-
ability feel secure and well treated is the responsibility of 
all grades of staff.

Emergency services
Emergency services for young people should not be 
neglected. Young women may need gynaecological 
assistance, for example, for the consequences of female 
genital cutting or sexual assault. They may need access 
to post- exposure prophylaxis for HIV, or to emergency 
contraception where this is acceptable, or to post- abortion 
care. Mental health problems may be acute and arise as 
emergencies, especially following major emotional stresses, 
when illnesses such as schizophrenia fi rst arise, or when 
young people self- abuse or attempt suicide.

Building relationships
Trust is of primary importance for young people. Services 
that take into account the need to build trusting relation-
ships are likely to be more acceptable, and therefore more 
effective and better used. Continuity is important, so that 
adolescents do not see a new face every time they attend 
for healthcare or counselling, but instead have the oppor-
tunity to develop a relationship of trust. This is a signifi cant 
management issue, but it is important in terms of service 
uptake, effective use of human and other resources, and 
overall effectiveness of treatment programmes. 

Advocacy
Healthcare providers have a strong advocacy role for ado-
lescents, particularly in the context of working together, as 
for example in professional associations. This may involve 
campaigning for better services, talking to colleagues about 
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their behaviours, or providing professional development 
opportunities. It may involve listening to young people, 
working with them, or campaigning against harmful local 
practices such as female genital cutting, early and/or forced 
marriage, ritual sexual initiation by older men, and errone-
ous and damaging beliefs (e.g. that having sex with young 
girls will cure HIV).

Hospital care summarised
The WHO suggests that services need to be accessible, 
acceptable, equitable, appropriate and effective. This 
means that young people need:

 O appropriate, acceptable, accessible and gender- 
sensitive hospital and community services 

 O carers who have approachable, accepting and non- 
judgemental attitudes

 O confi dentiality, preservation of dignity and privacy
 O accurate and honest information 
 O choice and some control over what happens to them
 O avoidance of inappropriate hospital inpatient facilities 

where possible
 O targeted health promotion
 O targeted services, for example:

 — for young people with long- term physical disability 
or illness

 — for young people with learning and developmental 
disability

 — for family planning
 — for STIs and HIV
 — for pregnant adolescents, including post- abortion 
care, emergency contraception (if permitted), ante-
natal, labour and postnatal services, and nutrition 
services

 — for young mothers, whether supported or not, and 
young fathers

 — for displaced adolescents (e.g. refugees, internally 
displaced persons, the homeless) 

 O emergency health and counselling services for support 
in crisis

 O advocates who understand their needs and can support 
them both as a group and individually (e.g. with families).

Finally, nurses, midwives and doctors may be the only 
people whom adolescents feel able to talk to, especially 
as others, such as parents, teachers and religious leaders, 
may be seen as authority fi gures. This vital role goes way 
beyond simply providing medical, surgical or obstetric care.

Further reading and resources
Huband S, Hamilton- Brown P and Barber G (2006) Nursing 

and Midwifery: a practical approach. Basingstoke: 
Macmillan Education.

Sawyer S, Afi fi  R, Bearinger L et al. (2012) Adolescence: a 
foundation for future health. The Lancet, 379, 1630–40. 
(Special issue on adolescence.)

World Health Organization (2002) Adolescent Friendly 
Health Services: an agenda for change. www.who.int/
maternal_child_adolescent/documents/fch_cah_02_14/en/

World Health Organization (2011) Young People: health risks 
and solutions. www.who.int/mediacentre/factsheets/fs345/
en/index.html

World Health Organization (2012) Adolescent Pregnancy. 
www.who.int/mediacentre/factsheets/fs364/en/index.html

World Health Organization (undated) Adolescent Friendly 
Health Services. www.who.int/maternal_child_adolescent/
topics/adolescence/health_services/en/index.html

WHO (undated) Adolescent Health Web Page. www.who.int/
topics/adolescent_health/en/index.html

4.2.C The child with a disability in hospital

BOX 4.2.C.1 Minimum standards
Prevention of avoidable disability

 Q Good antenatal care, including folic acid, iodinisa-
tion of salt, iron, antimalarial drugs and anti- tetanus 
immunisation.

 Q Good care during delivery, including access to obstetric 
surgery and blood transfusion.

 Q Effective neonatal resuscitation and care of the newborn.
 Q Injury prevention.
 Q Effective immunisation programme.
 Q Good management of acute illness and injury.

Management of existing disability
 Q Access to diagnostics.
 Q Multidisciplinary care.
 Q Aids for disabled children.
 Q Promoting equality of opportunity for children with a 

disability.

Introduction
Around 10% of children in most developing countries are 
disabled in some way. All children who are hospitalised for 

illness or injury are at risk of becoming disabled due to their 
condition and/or their management.

Disabled children: defi nitions
 O Disorder is a medically defi nable condition or disease.
 O Impairment is the loss or abnormality of physiological, 

anatomical or psychological structure or function.
 O Disability is any restriction, due to an impairment, in the 

child’s ability to perform an activity in the normal way 
for a child of that age.

 O Handicap is the impact of the impairment or disability on 
the person’s pursuits or achievement of goals that are 
desired by him or her or expected of him or her by society

 O Special needs refers to children who have needs greater 
than the normal needs of children of their age. 

In 2001, the WHO introduced a new system of classifi cation, 
The International Classifi cation of Functioning, Disability and 
Health (commonly known as ICF) (www.who.int/classifi ca
tions/en/) which uses two lists, a list of body functions and 
structure, and a list of domains of activity and participa-
tion. Since an individual’s functioning and disability occur 
in a context, the ICF also includes a list of environmental 
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factors. The ICF replaces the previous classifi cation based 
on ‘impairment’, ‘disability’ and ‘handicap’, and shifts 
the emphasis to functioning. The ICF puts the notions of 
‘health’ and ‘disability’ in a new light. It acknowledges that 
every human being, through illness or injury, may develop 
a disability. It ‘mainstreams’ the experience of disability and 
recognises it as a universal human experience. Furthermore, 
the ICF takes into account the social aspects of disability, 
and does not see disability only as a ‘medical’ or ‘biologi-
cal’ dysfunction, but includes contextual factors, such as 
environmental factors. The ICF encourages assessment of 
the impact of the environment on the person’s functioning. 
For example, hospital staff should be vigilant about prevent-
ing the development of contractures in a comatose child 
because they are concerned to ensure the best functioning 
of the child when he or she recovers.

Children’s rights
Article 23 of the UN Convention on the Rights of the 
Child (www.ohchr.org/en/professionalinterest/pages/crc.
aspx) defi nes the right of disabled children to special care, 
education and training designed to help them to achieve 
the greatest possible self- reliance and to lead a full and 
active life in society. It also encourages states to develop 
free and accessible services where possible, and to share 
information with other countries regarding the latest fi ndings 
of research into the management of disabling conditions.

The main care of children takes place in the community. 
Children with special needs and chronic illness and their 
parents are entitled to receive the same standard of care 
as any other family when their child is in need of acute care 
for any other condition described in this book. The attitude 
of healthcare professionals should refl ect this important 
principle. Many cultures in resource- limited countries have 
a greater degree of acceptance of disabled people than is 
found in more well- resourced countries. However, some 
cultures regard disability as a punishment or as a cause of 
shame. Accepting, encouraging and supportive behaviour 
of healthcare providers towards children with disabilities will 
go some way towards dispelling these attitudes.

Planning of services
Ministries of health and hospitals should consider estab-
lishing a register of disabled children, but only after careful 
consideration of the aims of registration, the likely benefi ts 
and costs, and the resources available.

The aims of a service for disabled children
These are as follows: 

 O to provide health services which ensure that children 
reach their maximum potential, optimising their inde-
pendence and ability to lead a high- quality life

 O to ensure that disabilities are promptly identifi ed and 
treated where possible

 O to promote active involvement of disabled children and 
their families in all aspects of healthcare, working in 
partnership with healthcare professionals

 O to promote access to the healthcare facility for families 
with disabled children

 O to provide comprehensive, integrated and coordinated 
services both in the healthcare facility and in the commu-
nity, utilising outreach and community- based services, 
including community- based healthcare workers

 O to enable health services to work with other key agen-
cies, such as social services and education and training 
services.

The prevention of impairment and 
disability in children
This is the main issue in resource- limited countries, where 
facilities to support such children are very limited. Of most 
importance are the quality of antenatal care, the quality of 
neonatal resuscitation (see Section 3.2), the prevention of 
cerebral oedema due to inappropriate fl uid management 
(see Section 5.12.A), the prevention of hypoxic- ischaemic 
cerebral injury (see Section 3.2), provision of adequate 
nutrition, the avoidance of accidents and protection from 
abuse (see Section 7.6). Adequate immunisation to combat 
poliomyelitis, measles, malaria, TB and meningitis, which 
are major causes of disability, is also mandatory. 

Antenatal, peripartum, infant and child care
 O Doctors and nurses working in hospital maternity ser-

vices should work closely with local leaders, women’s 
groups, and the Ministry of Health to improve pregnancy 
outcomes. This will involve promotion of early attend-
ance at antenatal clinics. Detection and treatment of 
diseases such as syphilis and malaria, which can cause 
intrauterine growth retardation (IUGR) and prematurity, 
management of HIV and prevention of mother- to- child 
transmission, and the detection and management 
of intestinal worms and nutritional defi ciencies are all 
essential.

 O Every attempt should be made to provide good nutri-
tion for women who may become pregnant. Folic acid 
supplements at the time of conception are vital for pre-
venting spina bifi da and other congenital abnormalities.

 O Iodinisation of salt is inexpensive and should be universal.
 O Iron- defi ciency anaemia during pregnancy is associated 

with low- birth- weight babies and should be screened for 
and prevented. Malaria in pregnant women is another 
cause of low birth weight and prematurity, and should 
be prevented or, if contracted, be treated vigorously (see 
Section 2.8.D). Ministers of Health should be persuaded 
of the value of providing malaria prophylaxis or intermit-
tent preventive treatment (IPT) for all pregnant women 
in endemic areas.

 O Immunisation against tetanus (see Section 1.17) is 
essential.

 O Obstetric care within hospitals should aim to prevent 
impairments due to complications of labour and delivery. 
Crucial to this is the availability of oxygen, obstetric sur-
gery and anaesthesia, and a blood transfusion service.

 O Effective neonatal resuscitation should be available 
24 hours a day in every maternity unit and for all home 
deliveries. Staff must be trained and should have the 
basic equipment (see Section 3.2) necessary to prevent 
those causes of birth asphyxia which arise after the 
delivery of the baby.

 O Simple interventions such as not bathing immediately 
after birth, prevention of hypothermia, and ‘kangaroo 
care’ for low- birth- weight babies should be taught to 
village health workers and traditional birth attendants 
in regions where they play an important role in home 
deliveries.

 O Recognition of danger signs and the setting up of 
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community- based referral systems to deal with emer-
gencies should be implemented at village level.

 O Breastfeeding must be encouraged (see Section 3.3), 
and special support must be given to help mothers 
provide breast milk for babies with developmental 
impairments that make sucking or attachment diffi cult.

 O Adequate training and facilities for the correct man-
agement of dehydration in gastroenteritis (see 
Section 5.12.A), hypoxic- ischaemic injury (e.g. in injuries) 
(see Section 7.3.C) and severe anaemia from malaria 
(see Section 6.3.A.d) all reduce the frequency of prevent-
able brain damage.

 O Paediatricians in hospitals should advocate for pro-
grammes of injury prevention and the prevention of 
injuries to children resulting from confl ict, displacement 
or other social factors.

Management of disabled children: 
identifi cation and primary diagnosis
All babies should be systematically examined at birth 
and, if possible, at 6 weeks of age to detect prevent-
able disabilities such as dislocated hips and congenital 
cataracts. In regions where most babies continue to 
be born at home, community health workers (CHWs) 
should be trained to detect these problems or to 
encourage mothers to attend for postnatal checks at 
a clinic where these can be undertaken.

Postnatal services should be established in all 
healthcare facilities that provide antenatal care and 
delivery services.

Protocols for postnatal care should be developed 
based on WHO guidelines.

Signs or symptoms of an emerging disability should 
be actively sought. Findings which suggest that the child 
may be disabled should be communicated to the parents 
in a culturally sensitive manner in accordance with locally 
developed guidelines. This communication must include 
information about the local availability of services and 
social support.

Comprehensive interdisciplinary assessment
 O This should always include the child’s strengths as well 

as their weaknesses, and an assessment of their home 
circumstances and educational needs.

 O It should result in decisions about management, includ-
ing any immediate surgical or medical treatments 
available to alleviate the condition.

 O It should include an assessment of sensory, motor, 
behavioural and intellectual capabilities as outlined 
below.

Convening a team to plan long- term 
management

 O The team will include those people whose skills and 
training are relevant to the needs of the child. The team 
is often led by a named paediatrician.

 O Representatives from outside agencies such as educa-
tion and social services must be included if they are 
available.

 O A care manager or key worker should be appointed, 
who will act as a liaison between professionals and the 
parents to ensure that the child fully benefi ts from the 
available resources.

Development of local guidelines for 
clinicians

 O Hospital staff should aim for an early diagnosis and 
identifi cation of treatable causes of disability.

 O Resources to support the child and their family should 
be sought.

 O In the absence of social support, hospitals must develop 
sensitive policies to inform parents of the diagnosis and 
expected prognosis in a way that is compatible with the 
best outcome for the child.

 O Such policies should be decided by each hospital, and 
all personnel should be informed of the policy.

 O Culturally sensitive disclosure of information about the 
diagnosis and expected prognosis should be given by 
a senior clinician who has experience in this area and is 
aware of local attitudes and beliefs regarding disability 
and the services available to the child and their family.

 O Services should be developed as resources allow.
 O Policies with regard to the intensity of resuscitative 

treatment given to children with various impairments 
should be developed by doctors, other healthcare 
professionals, representatives of the local community, 
including disabled people, and politicians. These policies 
must take into account ethnic and cultural issues and 
local support available for the care of severely disabled 
children. Such policies must be reviewed frequently. A 
hospital ethics committee can be valuable in this respect 
(see Section 1.20).

 O Development of services for and the rights of disabled 
people should be promoted wherever possible. Front- 
line staff should feel confi dent that they know and can 
work within the framework of the policy.

Diagnosis
All newborn babies should be examined before leaving 
hospital by a member of staff (usually a nurse or midwife, 
or a paediatrician if one is available), who has been trained 
to perform a competent neonatal examination. Any pos-
sible impairment must be reviewed by an experienced 
paediatrician. 

The neonatal examination
 O General: Signs of dysmorphism should be looked for. 

The baby should be examined for tone and observed 
to have normal limb movements. Disordered tone, feed-
ing diffi culties, irritability and seizures should be noted.

 O Hips: The hips should be checked for dislocation, 
remembering the three major risk factors, namely fam-
ily history, female gender and breech presentation. 
Dislocated or dislocatable hips should be referred to an 
orthopaedic specialist.

 O Jaundice: Any jaundice in the fi rst 24 hours should be 
taken seriously and monitored appropriately. Causes 
of jaundice, such as blood group incompatibilities, 
glucose- 6- phosphate dehydrogenase defi ciency and 
sepsis, should be diagnosed and treated. Severe jaun-
dice can lead to deafness and cerebral damage (see 
Section 3.4). 

 O Cardiovascular system: This should be examined 
looking in particular for cyanosis and equality of pulse 
volumes, and listening to heart sounds. If abnormalities 
are detected, the baby should be referred to a paediatri-
cian (see Section 5.4.A).
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 O Hearing: Behaviour should be observed, although hear-
ing defects are diffi cult to detect in the neonatal period 
without special equipment.

 O Vision: The child’s eyes should be examined for infec-
tion, which must be treated with suitable medication. The 
absence of cataracts should be ascertained by the pres-
ence of a good red refl ex in each eye (see Section 5.15).

Comprehensive assessment of 
disabled children 
Most children in resource- limited countries are born at 
home, and therefore children with disabilities are more likely 
to present at the hospital in later life.

History 
A complete paediatric history, including antenatal, perinatal, 
postnatal and family history, should always be taken. Many 
countries have found that the ‘Ten Questions’ are helpful 
for establishing the prevalence and distribution of various 
disabilities:
 1 Compared with other children, did he/she have any 

serious delay in sitting, standing or walking?
 2 Compared with other children, does he/she have dif-

fi culty seeing, either in the daytime or at night?
 3 Does he/she appear to have diffi culty hearing?
 4 When you tell him/her to do something, does he/she 

seem to understand what you are saying?
 5 Does he/she have diffi culty in walking or moving his/

her arms, or does he/she have any weakness and/or 
stiffness in the arms or legs?

 6 Does he/she sometimes have fi ts, become rigid or lose 
consciousness?

 7 Does he/she learn things like other children of his/her 
age?

 8 Does he/she speak at all? Can he/she make himself/
herself understood in words. Can he/she say any rec-
ognisable words?

 9 For 2- year- olds: ‘Can he/she name at least one object 
(for example, an animal, a toy, a cup, a spoon)?’ and 
‘Compared with other children of his/her age, does he/
she appear in any way to have diffi culties in learning?’

 10 For 3-  to 9- year- olds: ‘Is his/her speech in any way dif-
ferent from normal (not clear enough to be understood 
by people other than his/her immediate family)?’

Examination
A full clinical examination of all physical, sensory and psy-
chological systems should be undertaken.

Additional issues
 O Determine how the child and their family have adapted 

their lives in response to the child’s diffi culties.
 O Determine the extent to which the available treatment, 

training and management will improve the situation.
 O Evaluate the emotional adjustment of the child and their 

family to the disability.
 O Investigate the educational facilities available to the child 

and how they may be adapted to his/her needs.
 O Determine the child’s and family’s strengths, abilities and 

positive personality traits which can be encouraged to 
help them to cope with the disability.

Protocols for particular conditions
These should be developed to ensure that the child is thor-
oughly investigated initially and reviewed at regular intervals 
to ensure that they can reach their maximum potential.

For example, a protocol for a child with Down’s syn-
drome could include the following:

 O full medical examination
 O chromosome studies (if facilities are available)
 O ECG and chest X- ray with echocardiography (if available)
 O development of a care plan with the parents/carers as 

partners
 O audiological assessment
 O visual assessment
 O assessment by a speech therapist (if available) to pro-

mote communication skills
 O assessment by an occupational therapist (if available) to 

determine any aids or equipment which may be of help
 O thyroid function test at appropriate intervals.

Sensory impairments
Liaison between health services and local education facilities 
is particularly important for the support and understanding 
of children with sensory impairments.

Visual impairment 
Evaluation (see Section 5.15)
Most newborn babies can focus on and follow the mother’s 
face and large brightly coloured objects. Impaired vision 
can therefore be detected soon after birth. It is normally 
the mother who will suspect this because the baby is not 
looking at her when she is breastfeeding. There may be 
roving eye movements.

 O Use appropriate objects to confi rm visual impairment 
– for example, human face for neonates, toys for older 
infants, and pictures (whose dimensions correspond to 
Snellen letters) for older children. 

 O Determine whether visual impairment is an isolated 
problem or associated with other developmental defects 
(e.g. cerebral palsy) by undertaking a detailed history 
and physical examination.

 O Check for the red refl ex as follows. Shine a light on 
the pupil from arm’s length. Normally it will appear red 
because of light refl ected from the retina. If it appears 
white, consider the possibility of dense cataract, severe 
retinopathy of prematurity, or retinoblastoma. If the red 
refl ex is normal, check the pupillary response to light. 
If the latter is normal, a local cause (i.e. optic nerve or 
retinal degeneration) is unlikely, and impaired vision is 
then most probably due to occipital lobe damage.

 O Check the retina and optic nerve by fundoscopy to 
exclude optic atrophy and retinal degeneration. If in 
doubt, refer the child to an ophthalmologist.

Causes of visual impairment
Common causes of blindness in children include optic atro-
phy, congenital cataracts and retinal degeneration, and in 
resource- limited countries they include vitamin A defi ciency, 
measles, onchocerciasis and meningitis.

Trachoma remains a major cause of blindness in many 
developing countries. Early detection and treatment can 
prevent blindness. Prevention activities should include 
hygiene. Mass drug administration in affected areas can 
be considered.

C lose l ia ison between paed ia t r ic ians and 
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ophthalmologists is required to develop policies to detect 
and treat visual defects as early as possible.

Management of impaired vision
 O Treatable causes:

 — Cataract: Children with congenital cataract should 
be referred to an ophthalmologist as soon as possible 
for early treatment. If no treatment is available, the 
parents should be shown ways of stimulating residual 
vision by playing with bright lights and presenting 
visual stimuli to the child as much as possible.

 — Xerophthalmia:  Treat with vitamin A (see 
Section 5.10.A).

 — Eye infections (see Section 5.15).

Community healthcare workers should have training ses-
sions on eye care emphasising simple hygiene measures 
and sources of food rich in vitamin A to be found in local 
diets.

 O Non- treatable causes:
 — Perform a visual assessment and provide suitable 
visual aids.

 — Surgical correction of squints should be undertaken 
(when possible).

 — Mobility training should be provided for blind children 
and their carers.

The family will need support and advice about appropriate 
schooling, changes to the home, and mobility training.

Hearing impairment
Hearing loss is a hidden defect and may easily be missed 
if healthcare workers are not vigilant. Because hearing 
defects often lead to lack of development of speech and 
language, the child is sometimes assumed to have learn-
ing diffi culties and may be further isolated from their family 
and society because of this. All children who present with 
failure to develop language should have a good- quality 
hearing assessment.

Hearing is essential for language development, so early 
detection of hearing impairment is essential. A newborn 
responds to sudden noise with the startle response. A 
normal baby will listen to the mother’s voice. Formal hearing 
assessments in the newborn are possible using the acoustic 
cradle. The distraction test is used at 4 to 8 months of age, 
and audiometry is used in older children.

There are two types of hearing loss:
 O Conductive hearing loss: The commonest cause 

is recurrent/chronic infective otitis media (see 
Section 5.1.C).

 O Sensorineural hearing loss: The commonest causes 
are meningitis, cerebral malaria, genetic defects, drugs 
(e.g. excessive doses of aminoglycosides) and intrau-
terine infections. A hearing aid is required, and the child 
may need to learn a sign language.

Children with the following are at risk of hearing impairment:
 O family history of sensorineural hearing loss
 O dysmorphic features
 O abnormalities of the pinnae
 O severe birth asphyxia
 O severe neonatal jaundice
 O other neurological abnormalities
 O postnatal infections (e.g. meningitis, measles)

 O treatment with ototoxic drugs (e.g. gentamicin, 
streptomycin).

It is most important to identify and treat causes of conductive 
deafness, such as chronic otitis media (see Section 5.1.C).

 O Treatable causes of sensorineural hearing loss are very 
rare.

 O Hospitals in association with community health ser-
vices and education authorities should seek to develop 
services for early identifi cation and prompt treatment 
of children with irreparable hearing problems. These 
should include simple audiological assessment and the 
provision of hearing aids.

Neurological problems
General advice

 O Parents and carers should be given information and 
training so that they can modify daily activities to promote 
the development of the child and enhance functioning 
(e.g. information on prevention of contractures). Lifting, 
carrying, seating, playing and bathing will all need to be 
discussed and demonstrated.

 O Physiotherapy should be commenced as early as pos-
sible to prevent the development of contractures in 
hypertonic children.

 O Good positioning and movement are helped by appro-
priate aids and appliances (see Section 4.2.D).

 O Local people are often resourceful in developing appro-
priate equipment for their own children out of locally 
available materials (see Disabled Village Children refer-
enced on p. 405). Advice from occupational therapists 
and physiotherapists is very useful (if available).

 O Communication aids may also be required, and the 
advice of speech and language therapists is very useful.

 O Children with motor diffi culties often have feeding dif-
fi culties, and may not have the same access to food 
sources as children without impairments. Hospital staff, 
community health workers and family members should 
receive training on safe feeding techniques in order to 
improve the nutritional state of these children. 

 O Feeding may require the placement and management 
of a nasogastric tube, and parents or carers should be 
shown how to undertake this.

 O A care plan should be developed and a key worker 
appointed to monitor long- term plans to support the 
parents and keep them informed and involved in the 
long- term planning of services for their child.

 O Aids to enable the child to have mobility, an effective 
means of communication and access to education 
should be developed in the community.

 O All hospitals should seek to develop specialist therapy 
services to help such children.

Neural tube defects
(See also section on paraparesis and incontinence below.)

 O Where possible, neural tube defects should be pre-
vented by adequate maternal nutrition, including folic 
acid and vitamins at the time of conception.

 O Children born with neural tube defects should be treated 
urgently to prevent worsening of their condition (see 
Section 5.16.K).

 O Parental wishes in terms of surgical treatment are very 
important.

 O Later complications involve the urinary tract and bowel 
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function. Poor blood fl ow to the lower limbs associ-
ated with a lack of sensation and mobility may result in 
pressure sores.

 O Many children with spina bifi da require alternative means 
of mobility.

 O Spina bifi da occulta may result in clumsiness and conti-
nence problems. Some of the associated problems may 
be improved by surgical intervention.

Delayed development (see Tables 4.2.C.1 and 
4.2.C.2)
Delayed development presupposes knowledge of normal 
development. Development proceeds in an orderly fash-
ion, but there is considerable variation in the age at which 
milestones are achieved.

TABLE 4.2.C.1 Normal milestones in development

Age Milestone

Birth Focuses with eyes and responds to sound

4–6 weeks Social smile

6–7 months Sits without support, transfers objects from 
one hand to the other

9–10 months Pulls to stand, pincer grasp, waves bye- bye

12 months Stands, walks with one hand held, two or three 
words, stranger anxiety

15 months Walks, drinks from cup

18 months Says ten words, feeds with spoon

2 years Runs, draws straight line, says two- word 
sentences

3 years Draws circle, draws cross, says three- word 
sentences, dresses in simple clothes without 
assistance

4 years Stands on one leg, fl uent speech

Note: in societies where access to pens and 
paper is very limited, even adults fi nd drawing 
a line or a circle diffi cult as such an action is 
outside their experience

Developmental assessment
The purpose of developmental assessment is threefold:
1 to confi rm normal or delayed development
2 to identify possible causes of delayed development
3 to plan a strategy for intervention.

To achieve these aims, a detailed history and physical 
examination are essential. Particular emphasis is placed on 
perinatal and developmental history. As well as looking for 
signs and symptoms of severe malnutrition or micronutri-
ent defi ciencies, allowance must be made for prematurity. 
Evidence of microcephaly, dysmorphic features and signs 
of neglect must be looked for, and a detailed neurological 
examination, including primitive refl exes, undertaken. The 
following questions must be addressed: 

 O Does the child have global delay (i.e. delay in all areas 
of development)? 

 O Is the delay confi ned to one area of development? If it 
is confi ned to the motor area, this suggests a possible 
neuromuscular disorder. Delayed speech development 
with normal motor and social skills could suggest a 
hearing disorder.

 O Has the child lost previously acquired skills, and if so, 

has the loss been progressive? This suggests a neuro-
degenerative disorder.

Delayed walking (not walking by 18 months)
 O Family history of late walking and otherwise normal: 

give reassurance.
 O Global delay (especially in language and social skills): 

the child probably has mental impairment.
 O Child failing to thrive, and showing signs of malnutrition 

and poor nurture: this suggests neglect.
 O Cerebral palsy with upper motor neuron signs (spasticity, 

clonus, brisk refl exes) or dystonia, ataxia and involuntary 
movements.

 O Neuromuscular disorders (see Sections 5.16.F, 5.16.G 
and 5.16.H) with fl accid weakness, wasting or fascicula-
tion of muscle, absent or diminished refl exes.

 O Congenital dislocation of the hips or rickets can cause 
delayed walking.

Delayed language development
For meaningful speech to develop, the infant must be able 
to hear, and have intact language pathways and normal 
oropharyngeal structures. The child must also receive verbal 
communication.

The following approach to evaluating a child with lan-
guage delay is useful:

 O Is there a hearing defect?
 O What is the problem in language delay? Is it in under-

standing or in expressing thoughts, or both?
 O Is the delay confi ned to language or is it part of global 

delay (consider severe learning diffi culty)?
 O Is there any dysfunction or defect of the mouth and 

pharynx (obvious on physical examination)?

If the child cannot communicate and has normal intelli-
gence, they will try to compensate by using gestures and/
or signs. They are also likely to be frustrated and angry. The 

TABLE 4.2.C.2 Warning signs in development

Age Sign

10 weeks Not smiling

3 months Not responding to noises or voice, not focusing 
on face, not vocalising, not lifting up head 
when lying on stomach

6 months Not interested in people, noises or toys, 
does not laugh or smile, has squint, hand 
preference, primitive refl exes still present

9–12 months Not sitting, not saying ‘baba’ or ‘mama’, not 
imitating speech sounds, no pincer grasp

18 months Not walking, no words, no eye contact, not 
naming familiar objects, not interested in 
animals, cars or other objects

Passive – not moving about exploring, 
excessive periods of rocking and head banging

3 years Unaware of surroundings, not imitating adult 
activities, little or no speech, long periods of 
repetitive behaviour, unable to follow simple 
commands

4 years Unintelligible speech

At any age Parental concern, regression of acquired skills
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child whose language delay is part of a general learning 
diffi culty is likely to be more passive and less frustrated.

Does the child have a problem with social interaction? 
Consider autism, signs of which include loss of social 
interaction, little or no non- verbal communication, no eye 
contact, and repetitive ritualistic behaviour.

Cerebral palsy (see Table 4.2.C.3)
Cerebral palsy refers to the disturbance of movement 
and/or posture that results from a non- progressive lesion 
of the developing brain. The commonest causes are 
hypoxic- ischaemic insult to the brain occurring prenatally 
or perinatally, or occasionally postnatally (e.g. meningitis, 
head injury). There are several different types of cerebral 
palsy, including the following:

 O spastic diplegia (common with prematurity) 
 O spastic quadriplegia and spastic hemiplegia 
 O dyskinetic type (abnormal non- purposeful writhing 

movements induced by voluntary activity).
 O ataxic type (involves mainly the cerebellum and is rare).

Diagnosis
The child normally presents with delayed development 
and is found to have abnormalities of tone, delay in motor 
development, abnormal posture or movements, and persis-
tence of primitive refl exes. The diagnosis is made on clinical 
grounds and investigations are not required.

Evaluation
Assess the functional status of the child with regard to the 
motor system (this is best performed by a physiotherapist), 
and identify associated problems.

Management
The child with cerebral palsy has multiple problems and 
invariably will require care from a multidisciplinary team. 
The doctor and the physiotherapist play a prominent role. 
Physiotherapy advice enables the parents to move and 
handle the child in their daily activities to improve mobility 
and aim to prevent contractures. Parents need support in 
ensuring both that the educational needs of the child are 
met and that the child is integrated as fully as possible 
into society.

Deterioration in children with cerebral palsy 
Children with cerebral palsy usually remain stable. If a 
child shows apparent deterioration consider the following 
possible causes:

 O pain from dislocation of the hips
 O dyspepsia from gastro- oesophageal refl ux
 O non- convulsive status epilepticus
 O deterioration in mobility during growth spurt
 O wrong diagnosis – the child may have a progressive 

neurodegenerative disease.

Paraparesis and incontinence
Paraparesis (paralysis of both legs) is usually due to a spinal 
cord problem. This may be congenital, as in spina bifi da, or 
acquired (e.g. following trauma, infection or malignancy). 
Some causes are treatable if diagnosed early (e.g. TB of 
the spine). Burkitt’s lymphoma with paraparesis is a sign 
of advanced disease and is often associated with a poor 
prognosis. Both thorough clinical assessment to estab-
lish the level of the lesion, and reassessment to look for 

changes, are essential. Any suspected space- occupying 
lesion needs surgical advice.

Many children with paraparesis will suffer preventable 
complications unless carers and staff are aware of the 
risks of the following:

 O Poor nutrition: many children with paraparesis fi nd it 
diffi cult to eat and drink. They need good food to enable 
them to withstand infection, keep their muscles from 
wasting, prevent constipation and maintain good skin.

 O Contractures: all joints need to be moved through their 
full range of movement to prevent contractures develop-
ing. If the child has presented late and contractures are 
already established, a programme of gradual passive 
stretching may help to improve the range of movement.

 O Pressure sores: these are prevented by ensuring that 
the child is moved regularly. The child can often learn 
to do this by using their arms and upper body strength 
to pull on a suspended strap or ring to move their own 
position. The child can use a mirror to inspect their own 
skin to look for sore patches. Established pressure sores 
take a long time to heal. They must therefore be kept 
clean and free from pressure.

Rehabilitation should start immediately, but will depend on 
whether the child’s spine is stable. A creative approach 
to mobility, using locally available materials (see Disabled 
Village Children by David Werner), is more likely to succeed 
than waiting for sophisticated rehabilitation equipment to 
be purchased.

Incontinence is usually associated with paraparesis, 
and can be both socially and medically disastrous. Some 
children have neuropathic bladders which are usually full, 
empty incompletely and may lead to refl ux nephropathy, 
hydronephrosis and renal damage. These children need 
intermittent clean catheterisation to prevent back pressure 
and infection. Clean catheterisation may be required up to 
every 3 or 4 hours. This technique can be easily learned by 

TABLE 4.2.C.3 Problems in children with cerebral palsy

Problem Action

Visual and hearing 
impairment

Refer to appropriate specialist

Epilepsy Anti- epileptic drugs

Contractures Physiotherapy and (rarely) surgery

Dislocation of hips Surgery to relieve pain

Feeding diffi culties, 
failure to thrive

Monitor intake

Correct positioning for feeding

Increase energy content of food

Consider gastro- oesophageal refl ux

Recurrent aspiration Close attention to feeding position, 
pacing of feeds, and positioning

Respiratory infections Antibiotics

Gastro- oesophageal 
refl ux

Feed thickener (starch), H2- receptor 
antagonist (e.g. ranitidine) or proton- 
pump inhibitor (e.g. omeprazole)

Exclude oesophageal stricture and/
or aspiration

Constipation Diet and stool softeners

Learning diffi culties Additional help with education
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a carer or by the older child. Other children have bladders 
that are not full and which empty themselves frequently. 
These children are at less medical risk of kidney prob-
lems, but it is much more diffi cult to enable them to be 
socially dry without complex surgery to enhance the size of 
the bladder.

Most children with bowel continence problems associ-
ated with paraparesis will be constipated due to their relative 
immobility. A healthy diet and plenty of fl uids will prevent 
constipation. Bowel evacuation in young children is often 
managed by abdominal massage. Older children can learn 
to use a Shandling catheter, which is a plastic tube that is 
passed up the rectum for a washout of the bowel contents 
with saline.

Learning diffi culties and developmental delay
 O Children who do not meet their expected developmental 

milestones should be assessed for possible causes.
 O Some children have specifi c learning diffi culties and 

may be assumed to have general learning diffi culties 
unless they are carefully assessed. Full psychological 
assessment is helpful (if available).

 O Treatable causes (e.g. hypothyroidism, abuse/neglect, 
malnutrition, anaemia, etc.) should be ascertained. 
Problems such as autism and attention defi cit disorder, 
with or without hyperactivity, should be documented.

 O In planning services for these children, social and edu-
cational involvement is essential.

Severe learning diffi culties
Severe learning diffi culties (formerly referred to as mental 
retardation) are suspected when there is global develop-
mental delay especially in language, social and fi ne motor 
skills. Gross motor milestones may be normal. Causes 
include fetal alcohol syndrome, hypoxic- ischaemic injury 
to the brain, Down’s syndrome, fragile X syndrome and 
neurocutaneous syndromes, among others. Treatable 
causes should be excluded (e.g. hypothyroidism, 
phenylketonuria).

The parents will need considerable support in coming to 
terms with the diagnosis and its implications. They should 
be encouraged to stimulate the child’s cognitive, language 
and motor development. Provide advice on appropriate 
play activities, suitable toys and reading material. Some 
children will be able to attend mainstream schooling but 
will need additional help; others will be better supported in 
special schools (if available). Their progress must be con-
tinuously monitored and associated problems dealt with. 
They deserve the same care as normal children.

Autism and communication disorders
 O Autism usually presents in the second or third year of life.
 O It is primarily a communication disorder associated 

with an absence of or disordered speech and language 
development.

 O It is often associated with obsessional behaviours or 
interests.

 O It may or may not be associated with mental retardation.
 O It is often associated with learning diffi culties because 

of inability to understand social situations.

The following should arouse the suspicion of autism: no 
babbling by the age of 1 year, no pointing by the age 
of 1 year, no single- word utterances by 16 months, no 

spontaneous two- word utterances by 24 months, and any 
regression in social skills and language.

Developmental coordination disorder
About 5% of children have diffi culties with coordination 
which may affect their ability to perform motor tasks such 
as writing or sport. It is important to exclude a serious 
neurological cause and identify that the child cannot do 
these activities well, so that teachers and others do not 
conclude that the child is ‘lazy’.

Attention defi cit disorder
This is a major problem associated with the following:

 O diffi culty with concentration
 O impulsivity
 O diffi culty in predicting the outcome of actions, so the 

child does not learn from their mistakes
 O a strong association with hyperkinesis/hyperactivity
 O poor listening skills.

Attention defi cit disorder improves with maturity.
Treatment is diffi cult. The most important points are 

to recognise the disorder, explain it to the parents and 
provide them with family and/or other support to cope 
with it. Stimulants, such as methylphenidate, used by 
an experienced health worker, may be very helpful.

Behaviour disorders
 O Exclude attention defi cit disorder and other develop-

mental impairments.
 O Try to exclude abuse, although a behaviour disorder may 

coexist with abuse (see Section 5.9).

Psychiatric disorders (see Section 5.9)
 O These are rare in young children.
 O Severe malnutrition, deprivation and abuse can lead to 

depression and the signs of frozen awareness/watchful-
ness (see Section 7.6 on child abuse).

Surgically treated disabilities such as hare lip and cleft 
palate are addressed in the section on surgical problems 
(see Section 5.19).

Transition to adulthood for children with 
disabilities: a human rights perspective
The transition from childhood to adulthood takes time, and 
the process of adolescence is experienced and managed 
in very different ways in different cultures. This transition is 
much more challenging for disabled children whose abili-
ties to achieve independence may be constrained by their 
condition. Disabled children are at higher risk of abuse and 
exploitation, and are likely to be more vulnerable as they 
pass through adolescence into adulthood. It is best to view 
this transition from a human rights perspective. Thus the 
disabled child has rights as stated within the UN Declaration 
of the Rights of the Child, and the same perspective informs 
any consideration of the transition to adulthood.

Conditions, cultures and economies
Different cultures and economies make it relatively easy or 
diffi cult for young people with different types of conditions to 
integrate and fi nd a role. For example, a young person with 
a severe physical disability, such as spastic quadriplegia, 
but of normal intelligence may fi nd it relatively easy to fi nd 
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a fulfi lling role as an adult in a technologically advanced 
urban environment where there are relatively few physical 
barriers for wheelchair access. However, a young person 
with learning diffi culties and good mobility may fi nd it dif-
fi cult to fi nd a fulfi lling role in such a society. By contrast, a 
less technologically advanced society can be much more 
accepting of the young person with learning diffi culties, for 
whom there are many welcome roles in the rural economy, 
and the intellectually competent but physically impaired 
young person may fi nd it much more diffi cult to fi nd fulfi l-
ment in such an environment.

There may be very different cultural expectations of 
young men and young women, and deep- seated preju-
dices and cultural taboos that cause further disablement 
and devaluing of young disabled people unless the human 
rights perspective is paramount.

Child- friendly and child- safe environments
 O All buildings that are used as healthcare facilities and 

playgrounds for children should be surveyed with the 
needs of their disabled users in mind.

 O When new buildings are planned, it should be remem-
bered that wheelchairs need wider doors and that where 
steps are needed ramps should also be provided.

 O If the building has several fl oors, lifts should (when pos-
sible) be in place. If this is not possible, clinics serving 
disabled people should be located on the ground fl oor.

 O Areas used by visually impaired people should be well 
lit, with steps and drops highlighted. Written notices 
should be as large and clear as possible.

 O Special facilities may need to be provided for deaf and 
blind children to access information.

The challenges of transition
Independence
Good practice includes involving children in decision making 
about their own lives well before they enter adolescence. 
Learning from failures as well as successes is part of normal 
development. Many children in resource- limited commu-
nities are expected to work on the land or in industry, to 
look after livestock or to take responsibility for the care of 
their younger siblings at an age when they are not devel-
opmentally equipped to do so. Many children who have 
been involved in civil war and other armed confl ict have 
been deprived of an ordinary childhood and may have 
had ‘independence’ forced upon them at an early age (see 
Section 1.23). Disabled children may have similar experi-
ences or worse (e.g. being used as beggars), which deprive 
them of their human right to a childhood. If ‘independ-
ence’ means the insecurity of street children progressing 
to prostitution or a life of petty crime, this is not the sort of 
independence that young people need.

At the other extreme, disabled children worldwide 
are often overprotected by their families, who may feel 
ashamed, or there may be cultural taboos and beliefs 
about the origins of particular conditions. The parents may 
wish to do everything for their disabled child, but this can 
result in the child not learning from experience. The end 
result may be that the disabled young person does not 
get the opportunities for education and training that would 
enhance their self- esteem and ability to at least make some 
contribution to society, rather than be seen merely as an 
object of pity and charity.

Enabling the disabled child to become an integrated 
member of adult society is a challenge that requires the 
following:

 O imagination, resources and fl exibility on the part of the 
health, education and social services

 O active engagement with the young person, their family 
and their community

 O a real commitment to working with the strengths of 
the young person and minimising their weaknesses 
by reducing the barriers to their participation in society

 O anticipating diffi culties in advance and balancing the risk 
of failure against the benefi ts of increasing independence.

Information
Disabled young people often do not have access to informa-
tion about their own condition, necessary health education 
to prevent secondary problems developing, training and 
employment opportunities, self- help groups and their rights.

Sexuality
The challenge of emerging sexuality is often more diffi cult 
for the disabled young person. Young people commonly 
have inaccurate information about the basic facts of sexual 
development, and disabled young people often miss out 
on the opportunity to learn these facts in a straightforward 
way. Many young people may be unaware of any genetic 
implications of their own condition, although it is more 
common to assume that there are genetic risks to their 
offspring when this is not the case.

Families, and indeed some healthcare professionals, 
may make inaccurate assumptions about the ability of 
disabled young people to have normal sexual experiences. 
These young people may have their own inaccurate beliefs 
which may cause much unnecessary suffering unless they 
have the opportunity to understand the facts about their 
own bodies. Even when there are some physical problems 
that will affect sexual experience (e.g. lack of genital sensa-
tion for some young people with paraplegia), this does not 
preclude an active and fulfi lling sexual relationship.

Services for the transition to adulthood
Healthcare facilities that provide services for children with 
disabilities should develop expertise in enabling children 
to make the transition to adulthood. This expertise is likely 
to be achieved by developing shared knowledge among 
a group of relevant professionals working in partnership 
with young people. The service should be able to offer 
the following:

 O information that is relevant and up to date
 O individual counselling
 O opportunities to meet other young people with similar 

diffi culties
 O careers advice
 O a service to loan out equipment to increase independence
 O close links with education facilities and any social and 

housing services.

Further reading
 O Werner D (1987) Disabled Village Children: a guide for 

community health workers, rehabilitation workers and 
families. Palo Alto, CA: Hesperian Foundation. 
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4.2.D Care of children and young people with a spinal cord injury

BOX 4.2.D.1 Minimum standards
 Q Cervical collars.
 Q Dexamethasone.
 Q Physiotherapy.
 Q Jewett brace.
 Q Urinary catheters (in–out and Foley).
 Q Glyceryl trinitrate.
 Q Laxatives.
 Q Suppositories.
 Q Parent training.

Introduction
The acute and immediate management of children and 
adolescents with a traumatically injured spine in the context 
of major injury is described in Sections 7.3.A and 7.3.G. 
Much of the important advice given in this section is adapted 
from the following excellent book, which is essential read-
ing for all healthcare workers in resource- limited settings:

 O Werner D (1987) Disabled Village Children: a guide for 
community health workers, rehabilitation workers and 
families. Palo Alto, CA: Hesperian Foundation.

Mechanisms
 O The following conditions predispose to spinal injuries: 

achondroplasia, Klippel–Feil syndrome, Down’s syn-
drome and juvenile rheumatoid arthritis.

 O Injuries can occur during birth and from abuse.
 O Most of the injuries occur in road traffic accidents, 

sports, falls from trees or donkeys, bullet wounds and 
diving accidents.

 O Non- traumatic causes include transverse myelitis (e.g. 
epidural abscess, tuberculosis of the spine, neuroblas-
toma, astrocytoma, eosinophilic granulomata, lipoma, 
teratoma and aneurysmal bone cysts).

Diagnosis
 O In the conscious patient, localised tenderness in the 

spine, and impairment or loss of sensation, voluntary 
motor power and refl exes can help to determine the 
level of vertebral involvement.

 O In the semiconscious or unconscious patient, hypoten-
sion associated with bradycardia, dilated peripheral 
veins in the lower limbs, paradoxical respiration, lack 
of spontaneous movement of limbs, lack of response 
to painful stimuli applied by pressure over bony promi-
nences at various levels, and urinary retention are all 
signs suggestive of a spinal cord injury.

 O Around 10–20% of injuries are in more than one site. 
Therefore an X- ray of the whole spine is necessary.

 O Other associated injuries are common, and loss of 
sensation may delay their diagnosis.

Level of the injury
The magnitude of the area of the body that is affected will 
depend on the level of the injury. The higher the injury is, 
the greater the area of the body that is affected. 

In paraplegia:
 O there is loss of controlled movement and feeling in the 

legs

 O the hips and part of the trunk may be affected (the higher 
the injury, the greater the area of the body that is affected)

 O there may be partial or complete loss of urinary and 
bowel control

 O there may be spasticity (muscle spasms) or hypotonia 
in the legs.

Complete and incomplete injuries
When the spinal cord is damaged so completely that no 
nerve messages get through, the injury is said to be ‘com-
plete’. Feeling and controlled movement below the level of 
the injury are completely and permanently lost. If the injury 
is ‘incomplete’, some feeling and movement may remain. 
Alternatively, feeling and controlled movement may return 
(partly or entirely) little by little over a period of several 
months. In incomplete injuries, one side may have less 
feeling and movement than the other.

X- rays often do not show how complete a spinal cord 
injury is. Sometimes the backbone (spinal column) may be 
badly broken, yet the spinal cord damage may be minor. 
And sometimes (especially in children) the X- ray may show 
no damage to the backbone, yet the spinal cord injury 
may be severe or complete. Often only time will tell how 
complete the injury is.

Neurological deterioration
This may be caused by:

 O further mechanical damage and/or further non- 
mechanical damage to neural tissue during treatment

 O hypoxia, hypotension and sepsis that develop due to 
poor management of the multisystem malfunction.

Acute management of spinal cord 
injuries: overall approach
For acute ABC management in the context of major trau-
matic injury, see Sections 7.3.A and 7.3.G.

 O Aim to prevent complications related to multisystem 
dysfunction by good ABC resuscitation.

 O Aim to contain the ‘biomechanical instability’ of the 
spinal column by preventing movement at the site of 
the fracture.

 O Dexamethasone should not be given routinely to children 
with spinal injuries, as there is no evidence that steroids 
improve the neurological outcome, and the risk of com-
plications is high.

 O Dexamethasone should only be considered if there are 
signs of neurological deterioration following acute spinal 
injuries. The recommended dose is 500 micrograms/
kg immediately, followed by 50 micrograms/kg every 
6 hours for 48 hours.

 O ‘Rehabilitation’ should begin in parallel with the medical 
treatment as soon as possible.

 O Arrange early counselling and psychological support for 
the child, their parents and family members.

 O Start physiotherapeutic procedures to prevent con-
tractures of paralysed muscles, chest infections and 
pressure sores.

 O Train all systems of the body to function as safely and 
with as near normal convenience as possible.
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 O Aim for psychosocial and physical reintegration of 
the child in the community without signifi cant loss of 
education.

 O Ensure a teaching programme for the child and/or their 
parents aimed at minimising the development of com-
plications (medical, physical and psychological) in the 
medium and long term.

 O Offer lifelong regular hospital assessment and treatment 
if necessary to maintain health and rehabilitation.

Acute spinal injury
 O Keep the spine in a neutral position (with pillow arrange-

ments). For cervical spine injury, immobilise with a 
cervical collar or sandbags at the side of the head for 
about 6 weeks, followed by bracing for 6 to 8 weeks. 
In children under 6 years of age, the sagittal diameter 
of the skull exceeds that of the chest, forcing the neck 
into fl exion. A cut- out should be made in the board or 
the mattress to recess the occiput.

 O Children with an unstable fracture of the spine but with 
intact neurology can be adequately braced in a Minerva 
cast for cervical spine injuries and a body cast for thora-
columbar injuries. Alternatively, or later, surgery can be 
undertaken, but only in a specialist centre (if available). 

 O Minerva and body casts should not be applied to chil-
dren with sensory loss, because of the risk of pressure 
sores.

 O A hard cervical collar for the quadriplegic patient and a 
Jewett brace for the paraplegic child are likely to provide 
adequate support until healing occurs.

Temperature control
The patient may not be able to control their body tempera-
ture, becoming pyrexial in a hot environment or hypothermic 
in a cold environment.

Cardiovascular and peripheral vascular 
system problems

 O Spinal shock (autonomic arefl exia) may cause bradycar-
dia with hypotension.

 O Care is needed with IV hydration, as circulatory overload 
and pulmonary oedema can easily occur.

 O Hypoxia, hypothermia and tracheal suction can aggra-
vate the bradycardia.

 O Postural hypotension is most profound during the state 
of spinal arefl exia. Early mobilisation can result in a 
signifi cant drop in blood pressure which may affect 
spinal cord blood fl ow and adversely affect neurologi-
cal recovery.

 O Following the return of autonomic refl ex activity, patients 
with cord lesions above T6 can develop autonomic 
dysreflexia (sudden onset of pounding headaches, 
fl ushing, blotchiness of the skin above the level of the 
injury, conjunctival congestion associated with sweating, 
and high blood pressure). The commonest causes are 
urinary retention and constipation. Treat this condition by 
placing the patient in the upright position (usually sitting) 
and if they are over 12 years of age the administration 
of sublingual glyceryl trinitrate (300 micrograms). If 
urinary retention is the cause, catheterisation follow-
ing the liberal instillation of urethral lubricant with local 
anaesthetic will rapidly reduce the blood pressure and 
relieve the symptoms.

Respiratory system
 O Children with injuries above C4 are unlikely to be able 

to breathe spontaneously.
 O Children with lesions below C4 (most children with 

activity in the biceps) are able to breathe independently 
using their diaphragm, provided that no major chest 
injury is present.

 O Encourage deep- breathing exercises and postural 
drainage, assist coughing and monitor oxygen satura-
tion if possible.

Gastrointestinal system
 O In the acute phase after a spinal cord injury, all patients 

are at risk of developing paralytic ileus. The resulting 
abdominal distension can embarrass the diaphragm 
and further impede diaphragmatic breathing. Avoid oral 
intake in the fi rst 48–72 hours following injury and until 
bowel sounds are audible.

 O The risk of gastrointestinal bleeding from stress ulcers 
is high. Therefore administer H2- blockers such as raniti-
dine, 2–4 mg/kg twice daily up to a maximum of 150 mg 
twice daily, or antacids, for the fi rst 3 to 4 weeks fol-
lowing injury.

 O A regular bowel regime consisting of suppositories at 
fi xed and regular intervals not exceeding 24 hours should 
be instituted initially by a nurse or parent, and later by 
the child (see below for details).

Hypercalcaemia
 O This occurs in 10–20% of children, especially in quad-

riplegia and complete spinal cord injuries. The onset is 
insidious in the fi rst few weeks following injury. Nausea, 
anorexia and vomiting can mimic an acute abdomen. 
Polydipsia, polyuria, dehydration, lethargy and occasion-
ally psychosis can occur.

 O Adequate hydration and furosemide are the fi rst- line 
treatment.

Management of nutrition
What food should be given?
If the child is malnourished, give them 200 kcal/kg/day (see 
Section 5.10.A and 5.10.B). The daily number of kilocalories 
should be divided by the number of meals given during the 
day, usually four meals per day. 

F100 can be used to correct malnutrition (see 
Section 5.10.B).

Commercial F100 
This special milk is prepared in a sachet. All that the family 
has to do is open the packet and dilute the contents in 2 
litres of water.

Home- made F100 
When commercial milk is not available, F100 can be pre-
pared from the recipe shown in Table 4.2.D.1.

The basic diet is composed of F100 meals. However, when 
the patient is gaining weight quickly other foods can be 
introduced. For example, the usual food eaten in the area 
can be used, but this should be enriched with the addition 
of oil and vitamin and mineral mix, and sometimes dried 
skimmed milk.
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Example of calculation: 

A child who weighs 20 kg should receive 
200 kcal × 20 = 4000 kcal per day. 

They will receive 4 meals per day, therefore 1000 kcal per 
meal.

Doses of supplemental nutritional aids
These are as follows (see Section 5.10.A and 5.10.B):

 O Zinc: 2 mg/kg/day, or for children over 5 years of age, 
40 mg once a day (of the elemental formula).

 O Vitamin C: 45 mg/day.
 O Iron: one ferrous sulphate tablet of 200 mg once weekly 

for children over 5 years of age.

TABLE 4.2.D.1 Recipe for preparing 1 litre of high- energy food

Food item Quantity

Dried skimmed milk (DSM) or 
oiled full cream milk

80 grams (900 mL)

Vegetable oil 60 grams (20 mL)

Sugar 50 grams

Water (boiled) Add water to make 1 litre of 
preparation

CMV (minerals and vitamin 
mix)*

20 mL (should be added after 
the water)

*The CMV should be added when the preparation of milk is 
ready. Whisk to prevent the oil from separating. This keeps for 
12 hours.

Subsequent nursing and medical 
management and education of the 
child and their family
Early questions that a child with spinal cord 
injury and their family may ask

Will my child always remain paralysed? 
This will depend on how much the spinal cord has been 
damaged. If paralysis below the level of the injury is not 
complete (e.g. if the child has some feeling and control of 
movement in their feet) there is a better chance of some 
improvement.

Usually the greatest improvement occurs in the fi rst 
months. The more time that goes by without improvement, 
the less likely it is that any major improvement in feeling or 
movement will occur.

After 1 year, the paralysis that remains is almost 
certainly permanent. As gently as you can, help both the 
child and their parents to accept this fact. It is important 
that they learn to live with the paralysis as best they can, 
rather than waiting for it to get better or going from clinic 
to clinic in search of a cure.

Immediately after a spinal cord injury, the paralysed parts 
are in ‘spinal shock’, and are hypotonic. Within a few days 
or weeks the legs may begin to stiffen, especially when 
the hips or back are straightened. Also, when it is moved 
or touched, a leg may begin to ‘jump’ (a rapid series of 
jerks, or ‘clonus’).

This stiffening and jerking is an automatic refl ex called 

‘spasticity’. It is not controlled by the child’s mind, and often 
happens where spinal cord damage is complete. It is not a 
sign that the child has begun to feel where they are touched 
or is recovering control of movement. Some children with 
spinal cord injury develop spasticity, while others do not.

If the spinal cord injury is above the level of the top 
edge of the hipbone (above the second lumbar vertebra), 
spasticity is likely. If the injury is below this level, paralysis 
is usually fl oppy (no muscle spasms).

Severe spasticity often makes moving and control more 
diffi cult. However, the child may learn to use both the refl ex 
jerks and spastic stiffness to help them to do things. For 
example:

 O When the child wants to lift their foot, they hit the thigh, 
triggering the jerks that lift the leg.

 O In lower back injuries, the spasticity or stiffness of 
the legs may actually help the child to stand for short 
periods.

Will my child be able to walk? 
This will mainly depend on how high or low in the back 
the injury is. 

If the child’s injury is in the lower back and if their arms 
are strong and they are not overweight, there is a chance 
that they may learn to walk with crutches and braces. 
However, they will probably still need a wheelchair to go 
long distances.

It is best not to place too much emphasis on learning 
to walk. Many children who do learn to walk fi nd it so slow 
and tiring that they prefer to use a wheelchair.

It probably makes sense to give most paraplegic chil-
dren a chance to try walking. However, do not make the 
child feel guilty if they prefer a wheelchair. Let the child 
decide which is the easiest way for them to move about.

For independent living, other skills are more impor-
tant than walking, and the family and child should place 
greater emphasis on these skills, such as dressing, bathing, 
getting in and out of bed, and toileting. Self- care in toileting 
is especially important, and is made more diffi cult because 
of the child’s lack of bladder and bowel control.

What are the prospects for my child’s future? 
The likelihood of a child with paraplegia leading a reason-
ably normal life are good, provided that:

 O Three major medical risks are avoided:
 — skin problems (pressure sores)
 — recurrent urinary tract infections
 — contractures (shortening of muscles, causing deform-
ities); these are not life- threatening, but they can make 
moving about and doing things much more diffi cult.

 O The child is helped to become more self- reliant:
 — home training and encouragement to master basic 
self- help skills such as moving about, dressing and 
toileting

 — education: learning of skills that make keeping a 
household, helping other people, and earning a living 
more achievable.

It is more diffi cult for children with quadriplegia to lead a 
normal life because they are more dependent on physical 
assistance. 

In well- resourced countries, many children with para-
plegia manage to lead full rich lives, earn their own living, 
get married, and play an important role in the community. 
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With effort and organisation, the same potential for leading 
a normal life can exist in all countries.

Can anything be done about loss of bladder and bowel 
control?
Yes it certainly can. Although normal control rarely returns 
completely, the child can often learn to be independent in 
their toilet, and to stay clean and dry (except for occasional 
accidents). Often they will need to learn to use a urinary 
catheter, and learn to bring down a bowel movement with 
a fi nger or suppository (see below). 

What about sexual relationships and having children?
Many people with spinal cord injuries marry or have fulfi lling 
sexual relationships. Women with spinal cord injuries can 
become pregnant and have babies. 

Helping the child and their family to adjust 
to and accept the injury 
Perhaps the biggest problem is that one day the child is 
physically active and able, and the next they are suddenly 
paralysed and (at fi rst) unable to do much for themselves. 
They have lost all feeling and control in part of their body, 
which feels like a ‘dead weight’. This is very hard for both 
the child and their family to accept. Both have enormous 
and partially justifi ed fear and uncertainty about the future. 
The child may become deeply depressed, or angry and 
uncooperative. They may refuse even to sit in a wheelchair 
because this means accepting that they are unable to walk.

There are no easy ways to address the child’s fear and 
depression, but here are some suggestions that families 
have found helpful.

Recognise that the child’s fear, depression and anger 
are natural responses, and that with love, understanding 
and encouragement they will gradually overcome them.

Be honest with the child about their disability. Do not tell 
them ‘We will fi nd a cure for you’ or ‘Soon you will get well 
and be able to walk again.’ Very probably this is untrue, and 
misleading the child in this way only makes it more diffi cult 
for them to accept their disability and begin to shape a new 
life. Also, as the promised ‘cure’ fails to materialise, the child 
will become more uncertain, distrustful and afraid. In the 
end, it will be much easier if you gently tell them the truth. 

Provide opportunities to keep the child’s mind active 
by playing, working, exploring, and learning through 
stories, games, and studies. But at the same time respect 
and be supportive of the child when they feel sad and 
frightened. Let the child cry, comfort them when they do 
so, but do not tell them not to cry. Crying helps to relieve 
fear and tension.

Start the child with exercises, activities and relearning 
to use their hands and body as soon as possible. Start 
with what the child can do, and build on that.

Try to arrange for the child to watch, talk with and get 
to know other people with spinal cord injury.

Invite the child’s friends to come and visit, play with him 
or her, and let the child know that they are eager for the 
day he or she will be back in school.

Encourage the child to do as much for him-  or her-
self as possible, even if it takes a little longer.

As far as possible avoid the use of ‘tranquillisers’ or 
other inappropriate medication. The child needs an alert 
mind and the ability to move actively all day.

To prevent or reduce the harmful effects of the 

complications of spinal cord injury, special precautions 
need to be taken early and continued throughout life.

Early care 
Early care following spinal cord injury is best provided 
in hospital. Family members should stay with the child to 
make sure that he or she is kept clean and turned regularly, 
so that bed sores and pneumonia are avoided. Busy hospi-
tal staff with little experience of treating spinal cord injuries 
sometimes allow severe bed sores to develop, which may 
be life- threatening for the child.

The damage that has already been done to the spi-
nal cord cannot be corrected with surgery or medicine.

Preventing pressure sores (bed sores)
When sensation has been lost, pressure sores can easily 
form on the skin over bony areas, especially on the hips 
and bottom. The time of greatest risk of sores developing 
is in the fi rst weeks after the injury. This is because the child 
must stay very still, and has not yet learned to move or turn 
over their body. Prevention of pressure sores is extremely 
important, and needs understanding and continuous care, 
both by the child and by those caring for them.

Early prevention of pressure sores
 O Lie the child on a soft mattress or a thick fi rm foam 

rubber pad.
 O Place pillows and pads to keep the pressure off bony 

areas.
 O Change their position (turn over from front to back and 

side to side) every 2 to 3 hours. To avoid pressure sores, 
lying on the abdomen is the best position.

 O Keep the skin and bedclothes clean and dry.
 O Give the child healthy food rich in vitamins, iron and 

protein.
 O Move and exercise the child a lot to promote healthy 

fl ow of the blood.
 O Check their skin daily for the earliest signs of pressure 

sores, and keep all pressure off areas where sores might 
be developing until the skin is healthy again.

Avoiding contractures
In the first weeks following a spinal cord injury, when 
the child is in a lying position, joint contractures (muscle 
shortening) can easily develop, especially in the feet and 
elbows. Pillows and pads should be placed to keep the 
feet supported, the elbows straight, and the hands in a 
good position. Gentle range- of- motion exercises of the 
feet, hands and arms should begin as early as possible, 
taking care not to move the back until the injury has healed.

Movement and exercise
Do range- of- motion exercises for about 10 minutes for each 
leg. In the fi rst weeks, do the exercises twice a day; later 
on, once a day may be enough. If any signs of contracture 
develop, spend more time and effort on those parts of the 
body. From the start, exercises should be both passive 
(someone else moving the child’s body parts) and, when-
ever possible, active (the child moving them).

Range- of- motion exercises should begin with great care 
the day after the spine is injured. The exercises will help to 
improve the fl ow of blood (which reduces the likelihood of 
bed sores), prevent contractures, and build the strength 
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of the muscles that still work. Range- of- motion exercises 
should be continued throughout life, when possible as a 
part of day- to- day activity.

Cautions
 O Until any breaks or tears in the spine have healed (this 

takes 6 weeks or more), exercise must be very gentle 
and limited, with smooth motions and no jerking.

 — Especially at fi rst, take great care that exercises do 
not move the position of the back and neck (depend-
ing on the site of injury). Start with the feet, ankles, 
hands, wrists and elbows.

 — If exercises trigger severe muscle spasms or jerking, 
do not do them until the break in the spine has healed.

 O Do not use force in trying to get the full range of motion, 
as joints can easily be damaged.

 O Try to keep the full range of motion of all parts of the 
body, but work most with those joints that are likely 
to develop contractures, especially:

 — paralysed parts that tend to hang in one position, 
such as the feet

 — joints that are kept straight or bent by spasticity or 
by muscle imbalance. 

Maintaining a healthy position
The position that the body is in during the day and night is 
also important to prevent contractures.

Contractures that cause ‘tiptoeing’ of the feet can 
develop easily, especially when there is spasticity. Keep 
the feet in a supported position fl exed at 90 degrees 
to the lower leg, not in the extended position, for as 
much of the time as possible when lying down and 
when sitting.

Teach the child to check that their feet are in a good 
position. Even for the child who may never walk, maintain-
ing the feet in a fl exed position makes moving from chair 
to bed, toilet or bath easier.

Another common problem for children with spasticity is 
that the knees pull together and in time contractures prevent 
the legs from separating. To prevent this, when the child lies 
on their side, they should learn to place a pillow between 
the legs, and to keep it there most of the time.

A common problem with wheelchair users is that they 
slump forward. In time this can deform the spine. In a 
wheelchair with a straight- up back a person with spinal 
cord injury slumps like this in order to balance. A chair can 
be designed (or adapted) so that it tilts back. This provides 
balance for a better position.

A special cushion also helps to prevent the child’s bot-
tom from sliding forward (and also helps to prevent pressure 
sores). If possible, use a cushion mad of ‘micropore’ foam 
rubber (foam containing very tiny air bubbles). Rubber- 
coated coconut fi bre also works well.

Early physical development
The goal is for the child to become as independent as pos-
sible in doing what they want and need to do. However, 
even before the skills of daily living are relearned, the child 
needs to learn to protect the body where functions that 
used to be automatic have been lost. The protective 
functions that may be lost or changed include the following:

 O adjustment of the blood pressure to changes in body 
position

 O sensation (including pain) that protects the body from 
injuries (e.g. bed sores)

 O the sense of body position and ability to keep balance
 O muscle strength and coordination.

A sudden fall in blood pressure in the brain when the 
person rises from lying to sitting, or from sitting to 
standing, can cause dizziness or fainting. This is a common 
problem in spinal cord injury because the blood pressure 
adjustment mechanism is partly lost. The body can be 
helped to gradually readapt, but precautions are needed. 
(These same precautions are the same for anyone who 
has been kept lying down for a long time.) Before begin-
ning to sit, raise the head of the bed – a little more and a 
little longer each day. If the child starts to feel dizzy or faint 
when sitting, tilt their back and lift their feet. Lifting exercises 
help the body to relearn to adjust blood pressure, and also 
prevent bed sores and strengthen the arms.

The loss of sensation in parts of the body can lead 
to pressure sores and other injuries, such as burns and 
cuts. This is because the body no longer feels pain, so 
does not warn the child to change position or move away 
from danger.

It is important that the child learns to protect him-  or 
herself by changing positions often and avoiding injuries. 
This includes the following:

 O learning to roll over
 O turning at least every 4 hours when lying or sleeping
 O lifting from a sitting position every 15 minutes
 O washing daily
 O examining the whole body every day for signs of injuries 

or sores
 O learning to protect him-  or herself from burns and other 

injuries.

Keeping clean is very important for people with reduced 
sensation, especially if they lack bladder and bowel control. 
Take care to bathe them daily. Wash and dry the genitals, 
the bottom, and between the legs as soon as possible each 
time they get wet or dirty.

If redness, rash or sores develop, wash more often and 
keep the sore area dry. Keep the legs spread open and 
exposed to the air. When they must be covered, use soft 
absorbent cotton cloth. 

For treatment of specifi c fungal, yeast and bacterial 
infections of the skin, see Section 5.18.

Loss of the sense of body position affects a person’s 
sense of balance, as does loss of muscle control. The 
child needs to develop new ways to sense the position of 
their body and keep their balance.

Start with the child sitting on a bench, if possible, in 
front of a mirror, and help them to progress through the 
following stages:
1 Place both hands on the bench.
2 Place both hands on the knees.
3 Lift one arm sideways, forward and back.

After doing this in front of a mirror, ask the child to do it 
without the mirror.

 O As the child begins to develop better balance, start doing 
different movements with fi rst one and then both arms, 
such as lifting weights or playing ball.
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 O Some children may experience so much diffi culty with 
balance that they have to start in a wheelchair or a chair 
with a high back and arm supports. 

Redeveloping muscle strength and coordination. All 
muscles that still work need to be as strong as possible 
to make up for those that are paralysed. Even imagining 
movements helps to re- educate the brain about body 
posture. The most important muscles are those around 
the shoulders, arms and stomach.

Self- care
With the help and encouragement of family, friends and 
rehabilitation workers, the child can learn to become as 
independent as possible in meeting their basic needs, 
including moving about, eating, bathing, dressing, toileting, 
and in time other skills for daily living.

Progress toward self- care, especially at fi rst, may be 
slow and frustrating. The child will need a great deal of 
understanding and encouragement. To make activities 
easier both for the child and for their helper, it is important 
that they avoid becoming overweight.

Useful methods and techniques have been devised for 
helping to relearn basic skills. Much depends on deter-
mination, imagination and common sense. Start with 
movements like rolling over and sitting up in bed.

Keeping active
Many of the ‘complications’ of spinal cord injury occur 
because the person spends a lot of time either lying down 
or sitting. To stay healthy, the body needs to keep active. 
Lack of movement and activity causes poor fl ow of the 
blood. This can lead to pressure sores, swollen feet, pain-
ful or dangerous blood clots (thrombosis), especially in the 
legs, increasing weakness of bones (osteoporosis) with the 
risk of fracture, bladder or kidney stones, increased risk 
of urinary tract infections, and general physical weakness 
and poor health.

It is important for both body and mind that people with 
a spinal cord injury keep physically active. Children should 
be allowed to do as much for themselves as they can, 
including pushing their own wheelchair, bathing, transfer-
ring, washing their clothes, helping to clean the house, and 
helping with work.

Active participation in games and sports can also be 
encouraged. Swimming, basketball and archery can be 
done well using only the upper body.

To keep the leg bones growing well and to prevent 
them from becoming weak and breaking easily, even 
children who may always have to use a wheelchair should 
if possible stand for a short time every day. This can be 
done by strapping the child to a ‘standing board’, or by 
making some kind of standing frame. Standing also helps 
to prevent constipation.

Management of bowel movements
When a person’s spinal cord is damaged, they almost 
always lose control over when they will open their bowels. 
This makes it diffi cult to stay clean, which can be incon-
venient and embarrassing. Although they can never regain 
complete control over the muscles that hold in or push 
out the stool, they can learn to help the stool come 
out, with assistance, at certain times of day. This kind 
of ‘bowel programme’ can greatly increase the person’s 

self- confi dence and freedom to take part in school, work 
and social activities.

People with spinal cord damage often have problems 
with constipation. Some constipation can be an advantage 
when a person lacks bowel control. However, sometimes 
it can lead to serious problems, such as impaction or 
dysrefl exia. It is therefore important to prevent serious 
constipation by adopting the following measures:

 O Drink plenty of water.
 O Eat foods that are high in fi bre (e.g. bran, wholegrain 

cereals, fruits, vegetables, cassava, beans, nuts).
 O Stick to a scheduled bowel programme.
 O Keep active. 

Planning a bowel opening programme
Any bowel programme will work better if the child:

 O does the programme every day (or every other day) and 
at the same time, even if they have had an accidental 
bowel movement shortly before, or have diarrhoea

 O does the programme at the same time of day as they 
normally had bowel movements before their injury

 O performs the task after a meal; often the bowels move 
best after a meal or a hot drink

 O if possible, performs the task on a toilet or pot; the bow-
els work better in a sitting position than when lying down

 O is patient; the bowels sometimes takes days or even 
weeks to change their pattern.

Types of bowel programme in spinal injury
Different people require different types of bowel programme, 
depending on whether their bowels are ‘automatic’, ‘fl ac-
cid’ or ‘pull back’.

 O Automatic bowel usually occurs in people who have 
muscle spasms in their legs, and an ‘automatic bladder’. 
The muscle or ‘sphincter’ in the anus remains shut until 
there is a stimulation of the bowel to make it open, so 
that the stool can come out. An automatic bowel will 
‘move’ in response to a suppository or stimulation by 
a fi nger.

 O Flaccid bowel usually occurs in children with low spinal 
cord damage who have limp (not spastic) legs and blad-
der. The sphincter muscle in the anus is also limp, so the 
person tends to ‘ooze’ or ‘dribble’ faeces. A limp bowel 
does not respond to fi nger stimulation.

 O A bowel that pulls back is neither automatic nor limp. 
When you insert a fi nger in the anus, the stool moves 
back up instead of coming out.

Management of an automatic bowel
1 Start with a suppository (Dulcolax or glycerine) prior to 

digital evacuation of the bowel. Glycerine suppository 
sizes are as follows: for an infant, 1 gram; for a child 
aged < 12 years, 2 grams; for a child aged > 12 years, 
4 grams. With a fi nger covered with a glove or plastic 
bag, and then vegetable oil or Vaseline, push the sup-
pository about 2 cm (1 inch) up the anus. Do not push it 
into the stool, but push it against the wall of the bowel. It 
is possible to try this same activity without a suppository; 
often fi nger stimulation alone is enough to stimulate a 
bowel action.

2 Wait for 5–10 minutes. Then help the child to sit on a 
toilet or pot. If they cannot sit, have them lie on their left 
side (on top of toilet paper or newspaper).

3 Put an oiled fi nger into the anus for a distance of about 
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2 cm. Gently move the finger in circles for about 1 
minute, until the anus relaxes and the stool pushes out.

4 Repeat the fi nger action three or four times, or until no 
more stool is felt.

5 Clean the bottom and anus well and wash your hands. 

Management of a fl accid bowel
Since the bowel does not push, the stool must be taken 
out with a fi nger. This is best done after each meal, or at 
least once a day.

 O If possible, the child should be sitting on a toilet or pot, 
or lying on their left side.

 O With a gloved and oiled fi nger, remove as much stool 
as you can.

 O Since a limp bowel tends to ooze stool, the child should 
be given foods that make the stool fi rm or slightly consti-
pated (do not give the child stool- loosening foods).

Management of a bowel that ‘pulls back’ 
For this kind of bowel, the bowel programmes described 
above do not usually work. Finger stimulation makes the 
bowel act in the opposite direction and pull the stool back 
in. The child will have ‘accidents’ during the day. Often it 
is more effective to fi rst put some anaesthetic jelly (e.g. 
lidocaine) up the anus. If you cannot obtain the jelly, you 
can mix some liquid injectable lidocaine with Vaseline or 
any other jelly. Wait for several minutes, and then proceed 
to the automatic bowel management.

Other important issues
 O Children can almost always learn to do their own ‘bowel 

programme’. 
 O Do not use enemas or strong laxatives regularly. They 

stretch the bowel, injure its muscles, and make follow-
ing a regular programme more diffi cult. A mild laxative 
(senna or Dulcolax; see Section 5.12.C) may be taken 
occasionally when needed. However, drinking more 
liquid and eating food high in fi bre is usually suffi cient.

 O If there is bright red blood in the stool, a blood vessel 
was probably torn during the management described 
above. Be more gentle! If there is dark old blood and the 
stools are black and tar- like, and the child is generally 
unwell, the parents should seek hospital advice urgently.

 O A small amount of liquid stool (diarrhoea) may be a sign 
of ‘impaction’, which is a ball of hard stool stuck in the 
bowel. Only liquid stool can leak around it. Do not give 
medicine that is used to stop diarrhoea, as this could 
make the impaction worse. Try to remove the stool with 
a fi nger, or use stronger laxatives on a temporary basis 
(see Section 5.12.C).

A bowel management programme may at fi rst seem dif-
fi cult and messy, and is initially very embarrassing for the 
child. However, it soon becomes an easy habit. It is very 
important both for the child’s health and for their social 
well- being. Do it regularly at the same hour of the day, and 
do not miss a day.

Constipation is almost always a potential problem, and 
can cause haemorrhoids, anal fi ssures and mucosal tears. 
For management of an acute episode, see Section 5.12.C. 
If constipation is regularly a problem, consider giving 
regular senna tablets (7.5 mg sennoside): aged 6–12 years, 
1–2 tablets once daily; for 12–18 years, 2–4 tablets once 
daily or liquid (7.5 mg sennoside in 5 mL); for children under 

6 years of age, 2.5–5 mL once daily; and for children over 
6 years of age, 5–10 mL or 1–2 tablets once daily.

Locomotor system
 O There is a high risk of contractures of muscles, limitation 

of the range of movement in the joints of the paralysed 
limbs, excess spasticity and fractures of long bones 
which are preventable.

 O Passive movements and good positioning in bed and 
early splinting (if necessary) should prevent contractures.

Urinary system
 O Urinary retention occurs during the stage of spinal are-

fl exia, and is usually permanent in children with lower 
motor neuron lesions.

 O Refl ex micturition gradually develops in children with 
upper motor neuron lesions, usually from the sixth 
week onwards.

 O Extra fl uid intake should be encouraged.
 O Up to the age of 2 to 3 years, 4- hourly gentle suprapubic 

pressure will empty the bladder.
 O Children above the age of 3 years are best managed 

with intermittent catheterisation until effective refl ex 
micturition occurs and the residual urine is consistently 
below 60 mL.

 O Children with lower motor neuron lesions are likely to 
require intermittent catheterisation for the rest of their 
life. Initially this should be done by an attendant or par-
ent. However, with teaching and training, a child with 
good hand function can learn to do clean intermittent 
self- catheterisation. Intermittent catheterisation is the 
safest method of bladder drainage.

 O The use of indwelling urethral catheters is not recom-
mended after the fi rst 48–72 hours, but may sometimes 
be appropriate (see below).

 O Antibiotics should be reserved for urinary tract infections 
with systemic manifestations.

Most children with spinal cord injury do not have normal 
bladder control. This can be inconvenient, embarrassing, 
and causes social and emotional diffi culties. In addition, the 
loss of control can cause skin problems and dangerous 
urinary tract infections. For these reasons, it is important 
to learn ways to stay clean, dry and healthy. Most of the 
methods are not diffi cult, so children should be able to do 
this themselves, and this in turn will help them to feel more 
self- reliant.

The main goals of urine system management are as 
follows:
1 to prevent urinary infection
2 to promote self- care in staying as dry as possible.

Prevention of urinary tract infections is extremely important. 
Infections of the urinary system (bladder and kidneys) 
are very common in spinal cord injury, and are one of 
the main causes of early death. Therefore any method 
that is used for self- care or staying dry must also help to 
prevent urinary tract infections. Make every effort to pre-
vent infection from entering the bladder. Keeping clean is 
essential. It is also important to empty the bladder regularly 
and as completely as possible. If some urine remains in 
the bladder, bacteria will grow in it and cause infection.

The ideal method of urinary control empties the bladder 
completely and in a clean, regular, easy and self- reliant way. 
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Types of bladder problems 
Automatic bladder: A child with paralysis whose legs have 
‘refl ex spasms’ (uncontrolled stiffening or jerking) may have 
refl ex spasms in their bladder. As the bladder fi lls with urine, 
the walls of the bladder stretch and cause a refl ex spasm. As 
the bladder squeezes, the muscles that hold back the urine 
relax, letting the urine fl ow out. This is called an ‘automatic 
bladder’ because it empties automatically when it gets full.

Flaccid bladder: When a child’s paralysed legs are 
limp (due to lower motor neuron damage) and do not have 
spasms, usually the bladder is also limp or fl accid. No 
matter how much urine fi lls the bladder, it will not squeeze 
to empty. The bladder stretches until it cannot hold any 
more urine. The urine then begins to drip out and overfl ow 
incontinence develops. The bladder does not completely 
empty, and because some urine remains in the bladder, 
there is an increased likelihood of infection.

The most simple methods of bladder management work 
well with an automatic bladder but do not work with a limp 
bladder. Therefore it is important to try to establish which 
type of bladder the child has.

For the fi rst few days or weeks after the spinal cord 
injury occurred, the bladder is almost always fl accid. Urine 
either drips out or does not come out at all. Then, as the 
‘spinal shock’ wears off, people with higher back injuries 
(above the second lumbar vertebra) usually develop an 
automatic bladder. In people with lower back injuries the 
bladder usually remains fl accid.

During the fi rst weeks after the spinal cord injury, usu-
ally a Foley catheter is kept in the bladder all the time. 
However, after about 2 weeks it is a good idea to test how 
the bladder works by removing the catheter and trying one 
of the methods described below. If the child is often wet, 
try another method for that type of bladder. 

Methods for managing the automatic bladder
Triggering programme: This method usually causes the 
bladder- emptying refl ex to work when the person is ready 
to pass urine. It can be done using a urinal, toilet, potty or 
jar. This is the fi rst method to try, because nothing is put 
into the bladder. It is easy, so a child can do it unaided.
1 Tap the lower belly (over the bladder) fi rmly with your 

hand for about 1 minute. Stop and wait for the urine to 
fl ow.

2 Tap again. Repeat several times until no more urine 
fl ows.

If possible, once a week after triggering, use an in–out 
catheter to see how much urine is left. If there is less than a 
cupful (150 mL), continue the triggering programme. It there 
is more than a cupful on several occasions, the bladder is 
not emptying well enough, and another method should be 
tried (see below).

Periodic use of a catheter: This method allows the 
bladder to be emptied completely before it becomes too full. 
Sometimes it can be used to prepare the body for trigger-
ing. Put a clean or sterile standard catheter into the bladder 
every 4–6 hours to empty the urine, and then remove the 
catheter. If the child drinks more liquid than usual, put in 
the catheter more frequently to keep the bladder from 
stretching too much.

To reduce the risk of urinary tract infections, regular 
frequent use of the catheter is more important than 
using a sterile catheter. It is a mistake to stop using the 

catheter only because you have not had an opportunity 
to boil it (e.g. when travelling, or at school). Just wash 
out the catheter with clean drinkable water after use, and 
keep it in a clean jar or towel. Do not go too long without 
catheterising, and do not stop catheterising altogether. 
It is important not to leave a large amount of urine in the 
bladder.

How to insert a catheter
Healthcare workers and parents can easily be taught to put 
in a catheter. With a little practice, children with paraplegia 
can also learn to do this. A mirror can help girls to see the 
perineal area.

 O The best catheter size is usually #8 or #10 for a small 
child, and #14 or #16 for a large child.

 O Vigilance about cleanliness (i.e. boiling the catheter and 
wearing gloves) is important when using a fi xed (Foley) 
catheter. However, for periodic use of a regular (in and 
straight out) catheter, a clean rather than sterile tech-
nique is more practicable (and therefore may be safer). 
Wash the catheter well with clean water after each use, 
and keep it in a clean container. Wash your hands well 
before using it.

The procedure for insertion of a catheter is as follows:
 1 If possible, boil the catheter for 15 minutes, or at least 

wash it well and keep it clean.
 2 Bathe the child well (at least daily). Wash well under the 

foreskin or between the vaginal lips and the surrounding 
areas.

 3 Wash your hands with soap. After washing, touch only 
things that are sterile or very clean.

 4 Put very clean cloths or towels under and around the 
area.

 5 Put on sterile gloves, or rub your hands well with alcohol 
or surgical soap.

 6 Cover the catheter with a lubricant (slippery cream) 
such as KY Jelly that dissolves in water (do not use oil 
or Vaseline).

 7 Pull back the foreskin or open the vaginal lips.
 8 Holding the foreskin back or the vaginal lips open, gently 

put the catheter into the urethra. Twist it as necessary, 
but do not force it. Hold the penis straight at this angle.

 9 Push the catheter in until urine starts to fl ow out, then 
push it in 3 cm further.

 10 If using a regular catheter, each time the child passes 
urine they should tighten their stomach muscles or 
gently massage the lower abdomen to empty all urine. 
Then take out the catheter, wash it well, boil it, and 
store it in a clean jar or towel.

To avoid introducing infections when using a catheter, it 
is important to be very clean and to use only a catheter 
that is sterile, boiled or very clean. 

Using a fi xed (Foley) catheter: With this method, 
the catheter is left in all the time to drain the urine from 
the bladder continuously. A Foley catheter is often used 
immediately after injury, and in some cases for many months 
or years. The catheter connects to a collection bag that 
can be attached to the leg and worn under the clothes. 
The catheter should be changed using a sterile technique 
once weekly or more frequently if there is a urinary tract 
infection (see below).

In many areas this is the easiest method because other 
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supplies are diffi cult to obtain. However, a Foley catheter 
can cause many problems, including the following:

 O bacteria entering the bladder, causing a high risk of 
infection

 O continuous bladder irritation, which can cause blad-
der stones to form.

If you have tried other methods unsuccessfully or no other 
equipment is available, a Foley catheter may be the only 
option. To prevent complications from occurring it is very 
important that the Foley catheter is used carefully:

 O Always wash your hands thoroughly before touching 
the catheter.

 O Clean the skin around the catheter with soap and water 
at least twice a day, and after each bowel movement.

 O Do not disconnect the collection bag except to empty 
and wash it. Wash out the collection bag with soap or 
diluted bleach and water once a day.

 O If the catheter must be clamped, use a sterile plug, 
never a glass ampoule (small bottle), as this may 
break and cause injury.

 O Keep the collection bag below the level of the blad-
der to keep the urine from fl owing back into the bladder 
via gravity.

 O Tape the catheter to the leg when the child is in a 
wheelchair. 

 O Check regularly to make sure that the urine is emptying 
and that the catheter is not blocked. Make sure that 
there are no sharp bends or folds in the tubing.

 O When turning, lifting or moving the child, remember to 
move the bag, too. Do not let it pull at the catheter or 
stay under the child.

 O If the catheter becomes blocked, take it out, squirt boiled 
water through it, and put it back. Alternatively, use a new 
catheter. Use a sterile or very clean syringe.

Condom catheter for male children: This is a practical 
method for male children and adolescents who cannot 
control their urine fl ow. It can be used in combination with 
triggering, to avoid accidental wetting.

A condom catheter is a thin rubber bag that fi ts over 
the penis. It has a tube that connects to a collection bag. 
Condom catheters are available in different sizes. If they 
are too costly or not available, a regular condom can be 
attached to the collection tube with a rubber band or tape. 
Alternatively, a thin, very clean plastic bag or the fi nger of a 
rubber glove (or a ‘fi nger cot’) can be used. 

To hold the condom on the penis, stretchy adhesive 
tape can be used.

Important precautions for condom catheter use 
include the following:

 O Ensure that it is not too tight, otherwise it could stop 
the blood fl ow and seriously harm the penis. Avoid the 
use of non- stretch tape.

 O If the penis has erections, try to put on the condom 
when it is erect.

 O Remove the condom once a day and wash the penis well.
 O If possible, remove the condom at night, and use a bottle 

or urinal to catch the urine.
 O Check the condom and penis often, to ensure that 

everything is all right.
 O If the penis becomes injured, swollen or looks sore, 

remove the condom until it is healthy again.

Methods for the limp bladder
If the person’s bladder is fl accid, it never empties by refl ex. 
The bladder will constantly contain some urine unless an 
effective emptying method is used.

Girls can use a Foley catheter. This is often the sim-
plest method, but it can lead to urinary tract infections. 
Alternatively, try an ‘intermittent’ (in- and- out) programme, 
using a regular catheter every 4–6 hours. If there is leaking 
in between catheter times, use diapers, rags or a thick 
sanitary pad to catch the urine. Change them often and 
wash the skin often to protect the skin and prevent sores.

Boys can use an intermittent catheter every 4–6 hours.

Other suggestions for the fl accid bladder
 O The push method: Strain to push the urine out by 

tightening the abdominal muscles. This method is 
recommended by many professionals, but it can cause 
problems. If the muscles do not relax to let the urine 
fl ow out, pushing on the bladder can force urine back 
into the kidneys, causing kidney infection and damage. 
Therefore the push method should only be used if 
the urine fl ows out easily with gentle pressure, or if 
no other method is possible.

 O However, it is best to also use a regular catheter at least 
three times a day. This is because the bladder may 
not have emptied completely, which makes infection 
more likely.

Management of urinary tract infections (see 
Section 5.6.A)
Children with spinal cord injury have a high risk of urinary 
tract infections, for the reasons discussed above. Long- 
term or untreated infections and kidney problems are a 
common cause of early death. Preventive measures are 
essential, but even when precautions are taken, some 
urinary tract infections are still likely to occur. Therefore it 
is very important to recognise the signs and provide effec-
tive treatment.

Clinical signs
When a person who has normal sensation has a urinary 
tract infection, pain is felt when they pass urine or when they 
pass urine more frequently, including at night. The person 
with spinal cord damage may not feel this pain or be able to 
have frequency or nocturia, and therefore has to use other 
signs to know when they have an infection. The child may 
learn to recognise certain unpleasant feelings, or may only 
know that they do not feel as well as usual. Parents and 
healthcare workers should learn to listen to the child and 
be aware of changes in behaviour or other signs that might 
mean that an infection is probably present.

Possible signs of a urinary tract infection include the 
following: 

 O cloudy urine, possibly with mucus, pus or blood specks
 O dark or red urine
 O strong- smelling or bad- smelling urine
 O increased bladder spasms (cramps)
 O increased wetting or changes in bladder function
 O pain in the back or loins
 O body aches
 O general discomfort
 O increased muscle spasms
 O fever
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 O dysrefl exia (headache, ‘goose- bumps’ when sweating, 
high blood pressure).

Treatment
At the fi rst signs of infection, the child should drink even 
more water than usual. Antibiotics may also be necessary. 
However, avoid frequent use of antibiotics because they 
may become less effective as bacterial resistance develops.

If the child has had urinary infections before, they can 
start with the last medicine that was effective (for details of 
antibiotic treatment, see Section 5.6.A).

If a medicine seems to help, continue taking it for at least 
1 week, or for 4 days after the last clinical signs have disap-
peared. Do not change from one medicine to another unless 
the medicine is not working or causes serious side effects.

Prevention of urinary tract infections in patients with 
spinal injury

 O Drink plenty of liquid (for normal daily fl uid intake that 
should always be maintained, see Section 9, Appendix), 
with higher intake if there is a high ambient temperature. 
An intake of at least 2 litres (eight 250- mL glasses) a day 
is required for a teenager.

 O Eat apples, grapes or cranberries, or drink juice made from 
these fruits, or take vitamin C tablets to make the urine more 
acidic. It is more diffi cult for bacteria to grow in acidic urine.
(Note: the fruit and juice of oranges, lemons and other 
citrus fruits do not have this effect, and in fact make the 
urine less acid.)

 O Keep hands, catheter and collection bags very clean 
before, during and after the child’s bladder programme.

 O Encourage the child not to lie in bed all day, but to 
remain active.

 O Do not clamp the Foley catheter or plug it with anything 
unless absolutely necessary, in which case always use 
a sterile plug.

 O Adhere strictly to the bladder programme, and do not 
allow urine to remain in the bladder.

 O Ensure that the catheter does not become bent or 
twisted so that the fl ow of urine is blocked.

 O If you are using an in–out catheter, put it in regularly, at 
least every 4 to 6 hours. For prevention of infections, 
frequency of catheter use is even more important than 
cleanliness. It is safer to put in the catheter without 
boiling it, than not to put it in. If infections are common, 
catheterise more often.

Sexuality and fertility
 O Discuss the situation with sensitivity as soon as the child 

reaches early adolescence.
 O Advice about contraception is necessary for girls, as 

fertility is not affected, regardless of the level and severity 
of the spinal cord injury.

 O Boys with upper motor neuron lesions will have refl exo-
genic but not psychogenic erections. Male fertility is 
signifi cantly affected. However, male adolescents should 
be reassured that the results of assisted fertility (if avail-
able) are good.

Psychosocial integration, education, 
vocational training and employment
Continuing education, vocational training and employment 
must be pursued as the child grows older.

Skin problems
Sensory impairment or loss, impairment of vasomotor 
regulation of skin blood fl ow associated with paralysis, 
double incontinence, possible anaemia and urinary tract 
infections all render the skin of patients with spinal cord 
injuries vulnerable to breakdown and infections. Skin 
breakdown is preventable.

In the acute stage, regular turning of the child together 
with adequate management of the bladder and bowels 
and vigilance in maintaining cleanliness will prevent skin 
breakdown.

In the rehabilitation stage, training of the parents and 
the child in self- care, hygiene and the provision of adequate 
seating can all assist.

Pressure sores
Pressure sores, or ‘bed sores’, form over bony parts of the 
body when a person lies or sits on that part of the body for 
too long without moving. Where the skin is pressed against 
the bed or chair, the blood vessels are squeezed shut so 
that the blood cannot transport air to the skin and under-
lying tissue. If too much time passes without the person 
moving or rolling over, the skin and underlying tissue in that 
spot may become injured or die. First, a red or dark patch 
appears. Then, if the pressure continues, an open sore can 
form. The sore may start on the skin and work inwards, or 
it may start at a deep level, near the bone, and gradually 
work its way to the surface.

Risk factors for pressure sores
When a healthy person lies or sits in one position for a long 
time, it begins to feel uncomfortable, or even painful, so they 
move or roll over, and the formation of pressure sores is 
prevented. The people who are most likely to develop pres-
sure sores are those who are unconscious or who have no 
sensation in parts of their body, and who therefore do not 
feel the warnings of pain or discomfort when their body is 
being damaged. This includes people with spinal cord injury.

Commonest sites of pressure sores
Pressure sores can form over any bony area. The sites where 
they are most likely to develop are shown in Figure 4.2.D.1.

Risks and complications associated with pressure sores
If pressure sores are not very carefully managed, they 
can become large and deep. Because they contain dead 
skin and tissue, they can easily become infected. If a sore 
reaches the bone, which often happens, the bone can also 
become infected. Bone infections can be very diffi cult to 
cure, may last for years, and may keep recurring even after 
the original pressure sore has healed. 

Infections in deep pressure sores often spread to the 
blood and then affect the whole body, causing fever and 
general illness, including bacteraemia and septicaemia. 

Incidence of pressure sores
In patients who have lost sensation in parts of their body, 
pressure sores are very common. Most people with 
spinal cord injuries in developed countries, and nearly all 
people with such injuries in resource- limited countries, 
develop pressure sores. Often the sores start to develop 
in hospital shortly after the injury, due to inadequate 
nursing care. Therefore it is important that the families 
of patients with spinal cord injuries, and those patients 
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themselves, learn as early as possible about the pre-
vention and early treatment of pressure sores, and put 
this knowledge into practice.

Prevention of pressure sores
It is important that both the child and their family are taught 
about the risk of pressure sores developing, and how to 
prevent them. The following actions are important:

 O Avoid staying in the same position for very long. When 
lying down, turn from side to side or from front to back 
at least every 2 hours (or up to 4 hours if padding and 
cushioning are adequate). When sitting, lift the body up 
and change position every 10 to 15 minutes.

 O Use thick soft padding, pillows or other forms of cushion 
arranged so as to protect bony areas of the body. 

 O Use soft clean dry bed sheets, and try to avoid them 
wrinkling. Change the bedding or clothing every day and 
also each time it becomes wet or soiled. A child who 
stays wet will develop pressure sores, especially if the 
wetness is caused by urine.

 O Bathe the child daily. Dry the skin well by patting it, not 
rubbing it. It is probably best not to use body creams 
or oils, or talc, except on the hands and feet to prevent 
cracking, as these products soften the skin and make 
it weaker. Never use heat- producing oils, lotions or 
alcohol.

 O Examine the whole body carefully every day, checking 
in particular those areas where pressure sores are most 
likely to develop. If any redness or darkness is present, 

take extra care to prevent all pressure over this area until 
the skin returns to normal.

 O Good nutrition is important for preventing pressure 
sores. Make sure that the child gets enough to eat 
(but do not let them become overweight). Give them 
plenty of fruits, vegetables, and protein- containing foods 
(beans, lentils, eggs, meat, fi sh and milk products). If 
the child looks pale, check for signs of anaemia (see 
Section 5.11.A), and make sure that they are given iron- 
rich foods (meat, eggs and dark green leafy vegetables) 
or take iron tablets (ferrous sulphate), as well as foods 
rich in vitamin C (oranges, lemons, tomatoes, etc.).

 O As far as possible, the child should learn to examine their 
own body for pressure sores every day, and eventually 
learn to take responsibility for all the necessary preven-
tive measures themselves.

Other precautions
 O To avoid pressure sores or other injuries developing on 

feet that have lost sensation, use well- fi tted, well- padded 
sandals or shoes. 

 O Changing positions is important. When a child has 
recently had a spinal cord injury, they must be turned 
regularly, taking great care not to bend their back. Using 
a sheet under the body can help with turning.

 O As the child gets stronger, hang loops and provide 
other aids, if necessary, so that they can learn to turn 
themselves.

At fi rst it is important that the person turns, or is turned, 
at least every 2 hours day and night. Later, if there are 
no signs of pressure sores, the time between turns can 
gradually be lengthened to 4 hours. To avoid the child (or 
the person turning them) sleeping through the night without 
turning, an alarm clock can be very helpful.

When the child begins to sit or to use a wheelchair, 
there is a new serious danger of pressure sores devel-
oping. The child must now get into the habit of taking 
the pressure off their bottom at least every 30 minutes.

If their arms are strong enough, the child can lift up their 
whole body and hold it up for a minute or two. This allows 
the blood to circulate in the bottom.

If the chair has no arm rests, or if they can be removed, 
the child can lie sideways over a pillow on a high bed. They 
can rest for 15 to 30 minutes like this.

To prevent pressure sores, it is essential that the person 
who has lost sensation lies and sits on a soft surface that 
reduces pressure on bony areas. It is best for them to lie on 
a fl at surface with a thick spongy mattress. A thick foam 
rubber mattress often works well. However, some foam is 
so spongy that it sinks completely under a person’s weight, 
so that the bony area is not protected from the hard board 
underneath. A fi rm sponge with very small air bubbles 
(microcell rubber) works well, but is expensive.

A ‘waterbed’ (a bag- like mattress fi lled with water) or 
air mattress also works well.

In some countries, an excellent mattress material is 
made from rubber- coated coconut fi bre. Urine can be 
washed out of the material by pouring water through it. 
Because this material is costly, a rehabilitation programme 
in Bangladesh has adopted the practice of cutting a square 
out of a cheap mattress and replacing it with a square of 
the coconut fi bre sponge.

Careful placement of pillows, pads or soft folded 

FIGURE 4.2.D.1 Sites where pressure sores are most likely to 
develop, with the most high-risk areas (in the hip region) labelled 
in bold type.



417

Section 4.2

blankets can also help to prevent pressure sores. Such 
measures are especially important in the fi rst weeks or 
months after a spinal cord injury, when the person must 
lie fl at and be moved as little as possible. Pillows should 
be placed to avoid pressure on bony areas, and to keep 
the person in a position that is healthy and that helps to 
prevent contractures.

Chair and wheelchair cushions
For the child who has lost sensation in their bottom, the 
type of seat cushion used is very important, especially if 
the paralysis makes it diffi cult for them to lift up or change 
positions. All patients with spinal cord injury should use a 
good cushion. Sitting directly on a canvas seat or a poorly 
padded wooden seat will cause pressure sores.

Good cushions can be made of ‘microcel’ rubber, which 
is fairly fi rm. It works best if it is cut and shaped to reduce 
pressure on bony areas.

A useful low- cost way to make a fi tted cushion is to 
build a base out of many layers of thick cardboard glued 
together, and then cover it with a 2 or 3 cm thick layer of 
sponge rubber.

Wet the cardboard and sit on it wet for 2 hours, so 
that it moulds to the shape of the bottom. Then let it dry, 
and varnish it. 

Before making a specially fi tted cushion, you can make 
a ‘mould’ of the patient’s bottom by having them sit in a 
shallow container of soft clay, mud or plaster. Note the bony 
hollows and form the seat to fi t them.

Air cushions made from bicycle tyre inner tubes are 
excellent for the prevention of pressure sores, and for 
bathing on a hard surface. Use one, two or more tubes, 
depending on the size of the tube and the size of the child. 
Bind loops of the tubes together with thin straps of inner 
tube. Then pump in enough air to ensure that the whole of 
the child’s bottom is held up by air. (This idea was suggested 
by wheelchair rider- builders at Tahanang Walang Hagdanan 
(House With No Stairs), Quezon City, Philippines.)

Treatment of established pressure sores
Be alert for the fi rst signs of a pressure sore by examining 
the whole body every day. Teach the child to do this using 
a mirror.

If early signs of a pressure sore (redness, darkness, 
swelling or open skin) are observed, change body posi-
tions and use padding to protect that area from pressure.

For larger areas (such as the bones near the base of the 
spine), you can try using a small (motor scooter) inner tube 
to keep the weight off the sore area. Put a towel over the 
tube to soak up sweat, as sweaty skin against the rubber 
can also cause sores.

Warning: For small areas such as the heels, never use a 
ring or ‘doughnut’ of cloth to keep the weight off the sore, as 
this can cut off the blood supply to the skin inside the ring 
and make the sore worse. 

If a pressure sore has already formed:
 O Keep the pressure off the sore area completely and 

continuously.
 O Keep the area completely clean. Wash it gently with 

clean or boiled water twice a day. Do not use alcohol, 
iodine or other strong antiseptics.

 O Make sure that the child has a healthy diet. If a large 
amount of liquid is lost from the sore, a lot of protein 
and iron will be lost with it. These must be replaced to 

allow quicker healing. The child should also take iron 
tablets if signs of anaemia are present, and they should 
eat foods rich in protein (beans, lentils, eggs, meat, fi sh 
and milk products).

 O Do not rub or massage areas where pressure sores 
might be forming, as this could tear weakened tissue 
and make the sore inside larger.

If the sore is deep and contains dead tissue within it:
 O Clean the sore three times a day.
 O Each time you clean the sore, try to scrape and pick out 

more of the dead rotten tissue. Often you will fi nd that 
the sore is much larger inside than you fi rst thought. It 
may go deep under the edges of the skin. Little by little 
remove the dead tissue until you come to healthy red 
fl esh (or bone).

 O Each time you have cleaned out the dead tissue, wash 
the sore out well with soapy water. Use liquid surgi-
cal soap if possible. Then rinse with clean (boiled and 
cooled) water. A syringe without a needle can help with 
irrigation.

If the sore is infected (signs of this include pus, foul smell, 
a swollen hot red area around the sore, or the presence of 
fevers and chills):

 O Clean out the sore three times a day as described above.
 O If possible, take the person to a clinical laboratory where 

a sample from the sore can be removed and cultured 
to fi nd out what organisms are causing the infection 
and what is the most appropriate medication to treat it.

 O If this is not possible, try treating the patient with penicil-
lin, cloxacillin or fl ucloxacillin.

If the sore does not get better, or if liquid or pus keeps 
draining from a deep hole, the bone may be infected, 
so tell the parents to take their child to the hospital. 

Honey and sugar
Once a pressure sore is free of dead tissue, fi lling it two to 
three times a day with honey or sugar helps to prevent infec-
tion and speeds up healing. This treatment, which was used 
by the ancient Egyptians and was recently rediscovered by 
modern doctors, works remarkably well. It is now being 
used in some hospitals in the UK and the USA.

To make it easier to fi ll the sore, mix honey with ordinary 
sugar until it forms a thick paste. This can easily be pressed 
deep into the sore. Then cover the sore with a thick gauze 
bandage.

It is important to clean out and refi ll the sore at least 
twice a day. If the honey or sugar becomes too diluted 
with liquid from the sore, it will feed the bacteria rather 
than kill them.

The amount of honey that is needed on the wound 
depends on the amount of fl uid that is being produced by 
the pressure sore. If there is a lot of fl uid it will dilute the 
honey and make it less effective. The frequency of dressing 
changes required will depend on how rapidly the honey 
is being diluted. If there is no exudate, dressings need 
to be changed twice weekly to maintain the antibacterial 
properties of the honey as it enters the pressure sore. If the 
sore is producing a lot of fl uid, the dressing will need to be 
changed twice a day.

To achieve the best results the honey should be applied 
to a dressing (cotton plus cellulose) which can absorb this 
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prior to application. If applied directly to the wound, the 
honey tends to run off and be less effective. Honey will not 
soak easily into absorbent dressings. Soaking is helped 
by warming the honey to body temperature and/or adding 
1 part of water to 20 parts of honey to make the honey 
more fl uid. If the pressure sore is producing a lot of fl uid, 
the absorbent dressing can be secured in place using cling 
fi lm taped over it to help to keep the honey on the wound. 

Alginate dressings impregnated with honey are a good 
alternative to cotton/cellulose dressings, as the alginate is 
converted into a honey- containing soft gel. Any holes in the 
wound need to be fi lled with honey in addition to using a 
honey- impregnated dressing. As infection may be present 
in the tissues underlying the edges of the pressure sore, 

honey dressings need to extend beyond the infl amed area 
surrounding the sore.

Further reading
Betz RR and Mulcahey MJ (eds) (1996) The Child with a 

Spinal Cord Injury. Rosemont, IL: American Academy of 
Orthopedic Surgeons.

Grundy D and Swain A (2002) ABC of Spinal Cord Injuries, 
4th edn. London: BMJ Books.

Werner D (1996) Disabled Village Children: a guide for commu-
nity health workers, rehabilitation workers and families. Palo 
Alto, CA: Hesperian Foundation.

El Masri WS (2006) Traumatic spinal cord injury: the relation-
ship between pathology and clinical implications. Trauma, 
8, 29–46.

4.2.E Facilities for children with special needs and learning 
diffi culties

Introduction
The most valuable asset is healthcare staff who can spend 
time with these children and their families, and preferably 
who are also able to visit them at home.

For children presenting at the hospital with established 
disabilities, the challenge is to ensure that they make the best 
use of their abilities and do not develop further disabilities.

TABLE 4.2.E.1 Equipment for assessment

Equipment for 
physical examination

Equipment for skills assessment

Tape measure 20 brightly coloured wooden cubes, 
2.5 cm in diameter

Auroscope Threading beads of various sizes, 
and string

Ophthalmoscope 20 culturally appropriate pictures of 
common domestic objects, some of 
which have similar sounding names 
in the local language

Tendon hammer Soft ball, approximately 10 cm in 
diameter

128- Hz tuning fork Denver Developmental Screening Test

Simple audiometer

Aids for disabled children
This section outlines the types of aids that should be avail-
able for disabled children in all hospitals. There are many 
conditions which can cause disability, and the aim of the 
aids listed is to minimise disability and maximise inde-
pendent function. It should be noted that some positions 
which may appear desirable (e.g. the upright walking pos-
ture in a child with excessive extensor tone) may adversely 
affect the child’s ultimate mobility. The advice of a trained 
paediatric physiotherapist is invaluable. 

David Werner’s book, Disabled Village Children, is an 
excellent source of ideas and advice.

General principles
 O ‘Look fi rst at my strengths and not at my weaknesses’: 

the preservation of best function is primarily achieved 
by education of the child and their carers, but aids and 
appliances can be very useful.

 O Always consider the developmental stage of the child.
 O An understanding of the home environment of the child 

is essential (e.g. in some regions a donkey may be a 
more useful mobility aid than a wheelchair once the 
child leaves hospital).

 O The prevention of secondary disabilities (e.g. contrac-
tures or pressure sores) is a major priority in the care of 
disabled children.

 O Always consider the purpose of the aid that you think will 
help, and ask yourself the following questions:

 — How will this aid help this child to function in their 
daily life?

 — Will the use of this aid reduce this child’s abilities to 
do other things?

 — Will the use of this aid improve the way the child feels 
about him-  or herself?

 — Who will review this aid to ensure that it is still helping 
the child and is still the right size for the growing child?

 — Who will maintain this aid to ensure that it still works?

FIGURE 4.2.E.1 Lying aids.
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Developmental aids
These are primarily used with children with delayed devel-
opment, but may also be useful for children who have 
suffered a neurological insult, whether or not they are 
showing signs of recovery. Most children function better if 
they can experience a variety of positions and can be part 
of activities with others.

Lying aids
Many children who are ill or who are recovering from illness 
spend most of their time lying on their back or on their side. 
Lying on their front helps to develop trunk and arm strength 
and stretches muscles in the hips, knees and shoulders. 
A pillow under the chest helps to release the arms and 
hands for play.

A wedge is a more substantial version of the same idea, 
and can be made from material such as stiff foam plastic. 
Some children who need to have their legs separated 
because of adductor spasm will need a leg separator or 
pillow, also made of similar material.

Sitting aids
The type of sitting aids used will depend on the particular dif-
fi culties and developmental stage of the child. Most children 
with cerebral palsy benefi t from being seated in a position 
in which their ankles, feet and hips are at 90 degrees and 
their legs are kept apart (abducted). There are many varie-
ties of seats available. For a young child, a corner seat 
is often helpful. Special seating can also be fun (e.g. the 
‘steam engine’).

Children with spasticity also often benefi t from a slight 
tilt backwards. The position and amount of head support 
needed depend on the amount of head control and exten-
sor tone.

Standing aids
These may be useful for children who are showing improve-
ment in their motor skills and can be expected to learn to 
stand independently, but are also useful for children who 
may never stand independently, because the standing 
position aids the circulation and also bone growth and 
strength, particularly of the hip joints. Some children fi nd 
standing frames diffi cult to get used to at fi rst, and may 
need encouragement to use them.

Walking aids
There are a wide variety of these aids available. Perhaps the 
most useful is a walking frame that goes behind the child 
and which can have a variety of attachments depending on 
the child’s balance and arm strength. Some parallel bars 
are also useful and will need to be set at different heights 
depending on the size of the child.

A selection of underarm crutches, elbow crutches 
and tripod sticks will be useful. These can often be made 
locally, and will need to be of various sizes.

Note that underarm crutches can cause nerve damage 
if the child hangs off the crutches when attempting to walk.

Wheelchair technology
This is beyond the scope of this book. The general principles 
listed at the beginning of this section apply. Remember 
that a wheelchair is not the only solution for an otherwise 
immobile child. If the child has no sensation in their but-
tocks as a result of spinal cord damage, they will be at 

risk of developing pressure sores if they remain seated in 
the same position for long periods of time. They can learn 
ways of taking the pressure of their buttocks. If pressure 
sores have developed, getting around the hospital may be 
better using a gurney.

Eating and drinking aids
Utensils with thick handles and cups with handles on both 
sides may be easier to use for children who fi nd gripping dif-
fi cult. It may be helpful to put a non- slip material underneath 
a bowl or plate to stop it sliding while the child is eating 
(a damp cloth works very well). Eating and drinking aids 
must be easy to wash. Assessments by occupational and 
speech and language therapists (if available) are invaluable 
for children with complex feeding diffi culties.

Toileting aids
For details, see Section 4.2.D.

Communication aids
Children who are unable to communicate verbally because 
of deafness and/or inability to use their oro- motor muscles 
will often be able to use a communication board or book 
with pictures of objects, people and actions. If the child is 
unable to point using a fi nger, hand, toe or foot, they may 
well be able to ‘eye point’. An attentive carer will be aware 
that the child is eye pointing, and the use of a communi-
cation aid may ‘unlock’ the child who had previously been 
assumed to be unable to communicate beyond indicating 
pleasure or distress. More technological solutions are 
available using computers with specialised software which 
enables children to ‘speak’, but the basic principle of being 
able to select a pictorial representation of an object or an 
idea is the same.

Aids to prevent common secondary 
problems developing in hospital
Preventing foot drop
One of the commonest preventable complications in chil-
dren with weak legs is the development of foot drop. This 
should not happen in your hospital. Regular exercises to 
move the ankles through their full range of movement should 
be done at least twice a day. The use of tight or heavy bed 
covers should be avoided, as they may hold weak feet in 
a bad position. It is best for the feet to rest with the ankles 
at 90 degrees. This is easily ensured by positioning a roll 
of blanket or similar material so that the feet are braced in 
this position. 

Preventing knee and hip contractures
Regular exercises that take the joints through as full a range 
of movement as possible are the mainstay of prevention. If 
possible, the child should spend some time each day lying 
on their front with their hips and knees extended.

Preventing scoliosis
This is achieved by symmetrical positioning of the child 
so that attention must be paid to both lying and sitting 
positions. With excessive and asymmetrical muscle tone 
it is often diffi cult to prevent scoliosis, and once it has 
developed, it often gets worse, particularly at times of 
rapid growth.
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Preventing pressure sores
Pressure sores develop anywhere in the body where skin is 
kept under pressure for too long. This commonly happens in 
areas where sensation has been lost, and will develop more 
quickly if the circulation is poor. There is no substitute for 
good nutrition and regular moving and turning of the child. 
The skin should regularly be gently cleaned and dried, and 
moisturising lotion used. Prevent bony areas from pressing 

on each other and on the mattress by using pillows or foam 
wedges, for example, between the knees or under the heels 
(see Section 4.2.D).

Further reading
Werner D (1999) Disabled Village Children: a guide for com-

munity health workers, rehabilitation workers and families. 
Palo Alto, CA: Hesperian Foundation.
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5.1 Upper airway disorders

5.1.A Acute upper airway infections: croup and epiglottitis

BOX 5.1A.1 Minimum standards
 Q Dexamethasone/prednisolone.
 Q Nebulised 1 in 1000 adrenaline.
 Q Choking management skills.
 Q Intubation.
 Q Cricothyrotomy or tracheostomy.
 Q Antibiotics: cefuroxime, chloramphenicol, ceftriaxone, 

ceftazidime.
 Q Haemophilus infl uenzae immunisation.
 Q Measles immunisation.

Introduction
Obstruction of the upper airway (larynx and trachea) is 
potentially life- threatening. The cardinal feature is stridor (a 
harsh noise during inspiration), which is due to narrowing of 
the air passage in the oropharynx, subglottis or trachea. If 
the obstruction is below the larynx, stridor may also occur 
during expiration. Like the wheeze in asthma, the loud-
ness of the stridor does not indicate the severity of the 
obstruction. There may also be hoarseness and a barking 
or seal- like cough. The severity of the obstruction is best 
assessed by the degree of sternal and subcostal recession, 
and the respiratory and heart rate. Increasing agitation or 
drowsiness, or central cyanosis, indicates severe hypoxae-
mia and hypercapnia and the need for urgent intervention.

The major causes of severe stridor are viral croup 
(caused by measles or other viruses), foreign body, ret-
ropharyngeal abscess, diphtheria, and trauma to the larynx.

Differential diagnosis of upper airway 
obstruction
1 Collapse of airway due to muscle tone loss or build- up 

of secretions due to poor cough refl ex:
 O Depressed conscious level from any cause.
 O Drug or alcohol intoxication or overdose.
 O Bulbar palsy.
 O Myopathy.

2 Airway infl ammation and oedema:
 O Infective:

 — Upper respiratory tract infection in an infant.
 — Viral croup.
 — Bacterial tracheitis.
 — Epiglottitis.
 — Severe tonsillitis.

 O Non- infective:
 — Recurrent croup.
 — Anaphylaxis.

3 Space- occupying lesion or structural abnormality:
 O Intranasal, pharyngeal or in upper trachea:

 — Adenoidal hypertrophy.

 — Foreign body.
 — Retropharyngeal abscess.
 — Tumour.
 — Extrinsic haematoma (e.g. post thyroidectomy).

 O Congenital pharyngeal, laryngeal or upper tracheal 
abnormalities:

 — Choanal atresia.
 — Laryngomalacia.
 — Subglottic stenosis.
 — Laryngeal web or haemangioma. 

For diagnosis of a space- occupying lesion or structural 
abnormality, a specialist ENT examination under anaesthetic 
may be needed (if available).

Croup
Croup is a condition characterised by inspiratory stridor, 
hoarse voice, barking cough and a variable degree of 
respiratory distress.

This defi nition embraces several distinct disorders.
 O Acute viral laryngotracheobronchitis (viral croup). 

This is the commonest type of laryngotracheal infection 
(representing over 95% of cases). Peak incidence is in 
the second year of life, and most hospital admissions 
are between 6 months and 5 years of age. The stridor 
is usually preceded by fever (< 38.5°C) with coryza, 
and symptoms tend to be worse at night. If narrowing 
is minor, the stridor will be present only when the child 
hyperventilates or is upset. As the narrowing progresses, 
the stridor becomes both inspiratory and expiratory, and 
is present even when the child is at rest. Children under 
3 years in particular may develop features of increasing 
obstruction and hypoxaemia with marked sternal and 
subcostal recession, tachycardia and agitation. If the 
infection extends distally to the bronchi, wheeze may 
also be audible.

 O Recurrent or spasmodic croup. Some children have 
repeated episodes of croup without preceding fever and 
coryza. The symptoms are of sudden onset at night, 
and often persist for only a few hours. The condition is 
associated with atopic disease (e.g. asthma, eczema, 
hay fever). The episodes can be severe, but are more 
commonly self- limiting.

 O Bacterial tracheitis or pseudomembranous croup. 
This dangerous condition is one of the important 
complications of measles but may occur without that 
antecedent. Infection of the tracheal mucosa with 
Streptococcus pneumoniae, Staphylococcus aureus 
or Haemophilus infl uenzae B results in copi ous purulent 
secretions and mucosal necrosis. The child appears 
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toxic with a high fever, with marked signs of respira-
tory obstruction. In the UK, over 80% of these children 
need intubation and ventilatory support to maintain an 
adequate airway. The croupy cough and the absence 
of drooling help to distinguish this condition from epi-
glottitis. Clinical and radiological signs of segmental 

collapse and consolidation related to bronchial occlusion 
are usual. The cough is often persistent and ineffective 
in clearing the secretions, the illness has a prolonged 
course, and the restoration of normal mucosa usually 
takes several weeks. The condition is much less com-
mon than the two preceding ones.

TABLE 5.1.A.1 Severity of croup

Sign Mild Moderate Severe

Upper airway 
noise

Hoarse voice, barking cough, 
mild stridor intermittently on 
inspiration only

As before, with stridor constant and 
also some on expiration

Stridor usually decreases as 
exhaustion occurs

Effort of 
breathing

Mild increase, some intercostal 
recession

Further increase in effort, nasal fl are, 
tracheal tug, accessory muscle usage

Major increase in effort gives way to 
exhaustion and poor but gasping effort

Effi cacy of 
breathing

Not distressed by effort. No 
cyanosis, SaO2 may be normal

Distressed by effort. Cyanosis not 
usually visible but SaO2 is low

Cyanosis visible if haemoglobin is in 
normal range, SaO2 is very low

Conscious level Alert, usually still playing Anxious and distressed.

Not playing, little interaction, drowsy

Conscious level severely reduced, 
causing respirations to slow, refl ex 
gasps and apnoeas

Cardiovascular Mild increase in heart rate Rapid heart rate Severe tachycardia progresses to 
bradycardia and hypoxic cardiac arrest

Emergency treatment of croup
 O These children (and their parents) may be very frightened. 

Do not alarm them further by putting instruments in 
the child’s throat, by giving painful injections or by 
trying to place an IV cannula. Crying increases their 
oxygen demand and may increase laryngeal obstruc-
tion and even cause total airway obstruction. Keep 
the child on their parent’s lap and explain the condition 
and the treatment. Tell the mother to alert the nurses 
or doctors if the child breathes more quickly or has 
marked sternal recession. These are danger signs 
for hypoxaemia.

 O Ensure adequate oral fl uid intake.

Many children who are admitted to hospital have hypox-
aemia. Humidifi ed oxygen should be given through nasal 
cannulae or a face mask held just in front of the child’s face 
by the parent. Do not use nasopharyngeal catheters to give 
oxygen, as these can precipitate dangerous paroxysms of 
coughing and total airway obstruction. 

Milder cases of croup should not routinely be given 
oxygen, as this can frighten the child.

 O Croup can be a very painful condition. Even if the child 
does not have a high temperature, prescribe regular 
paracetamol, but do not force the child to take this.

 O There is very good evidence that steroids help. Children 
with mild, moderate or severe croup all benefi t from ster-
oids. Give 0.6 mg/kg dexamethasone once or twice a 
day. This should be given orally, as it works just as well 
as if given parenterally. If the child vomits, repeat it 
or give the same dose intramuscularly. An expensive 
but effective treatment is nebulised budesonide 2 mg in 
2 mL; it may be repeated 30–60 minutes later.

 O Nebulised adrenaline (5 mL of 1 in 1000 adrenaline 
nebulised, preferably with oxygen) will bring rapid and 
effective relief for severe croup. The relief lasts only for 
about 1 hour, but it can be repeated (although the effect 
diminishes), and this treatment gives the steroids time to 
start working. Arrange for the child to be seen quickly 

by an anaesthetist. Monitor the oxygen saturation with 
a pulse oximeter. 

 O A few children need intubation. This should be done 
under general anaesthetic. If there is doubt about the 
diagnosis, or diffi culty in intubation is anticipated, 
an ENT surgeon capable of performing a tracheos-
tomy should be present. In intubated children, 1 mg/
kg prednisolone every 12 hours reduces the duration 
of intubation.

 O Severely ill or toxic children and those with measles 
croup should receive an antibiotic effective against 
Streptococcus pneumoniae, Haemophilus infl uenzae 
and Staphylococcus aureus. If available, cefuroxime 
150 mg/kg/day in four doses IV or ceftriaxone 80 mg/
kg IV or IM once daily. An alternative is chloramphenicol 
25 mg/kg IV 6- hourly.

Inhaled foreign body (see Section 5.2.C) 
Suspect the diagnosis if there has been a sudden onset 
of cough and stridor in a well child. Ask the parents 
and child whether there has been any access to peanuts 
or other food, toys or other small objects that could have 
been put in the mouth. 

Management
If the foreign body is causing symptoms of stridor, cough-
ing and respiratory distress, emergency management of 
choking is required (see Section 1.12 on Basic Life Support, 
which describes acute choking management). 

In addition, call an ENT surgeon for laryngoscopy (if 
available). A laryngeal foreign body may present very acutely 
with cyanosis or loss of consciousness. Therefore urgent 
direct laryngoscopy may be necessary.

In the absence of an ENT surgeon, tracheostomy or 
cricothyrotomy may be necessary (see Section 8.2 for 
cricothyrotomy procedure).



424

International Maternal & Child Health Care

Acute epiglottitis
This is a severe infection caused by Haemophilus infl uenzae. 
Peak incidence is at 2–3 years of age. It is less common 
than croup, but important, as the diagnosis needs to be made 
fast because rapid progression of stridor in the ill toxic child 
may be fatal within hours if not promptly treated. Cough is 
not a prominent feature, and the stridor has a soft quality, 
often with an expiratory component. The child tends to 
drool and assume an upright posture.

Unlike croup, epiglottitis is always severe and progres-
sion is rapid. It is always a medical emergency. Fortunately, 
since the introduction of Haemophilus infl uenzae type B 
(HiB) vaccine the disease has become much less common 
in those countries where the vaccine is used.

Do not: Do:

Examine the throat Reassure the child and their parents, 
and calm the child

Lie the child down Attach a pulse oximeter

X- ray the neck Give oxygen if SpO2 is < 94% using 
a face mask held close to but not 
on the child’s face by the parent 
with the child sitting on their lap

Perform invasive 
procedures

Call an anaesthetist and an ENT 
surgeon

Use a nasopharyngeal 
tube to give oxygen

Arrange examination under 
anaesthesia

Arrange for high- dependency care to 
be available

Management
 O Elective intubation under general anaesthetic is the 

treatment of choice. Often a much smaller diameter 
than the usual endotracheal tube for the child’s age will 
be needed because the airway is so swollen internally. 
The endotracheal tube still needs to be the right length 
for the child’s age. This is why children’s endotracheal 
tubes should not be pre- cut to size. The diagnosis is 
confi rmed by laryngoscopy under general anaesthetic 
just prior to intubation (‘cherry- red epiglottis’). An ENT 
surgeon must be present if possible.

 O While the child is anaesthetised, the following proce-
dures should be performed: blood cultures, throat swab 
and IV line.

 O Recommended antibiotic therapy is chloramphenicol 

50 mg/kg IV immediately, then 25 mg/kg IV 6- hourly. If 
available, cefuroxime or cefotaxime 50 mg/kg IV 6- hourly 
or ceftriaxone 80 mg/kg once daily IV or IM should be 
effective.

 O Following intubation the child will be able to breathe 
humidifi ed air spontaneously, ideally with nasal continu-
ous positive airway pressure (CPAP) (see Section 1.25 
and 8.3). Sedation (discuss with anaesthetist) may be 
required in order to prevent self- extubation, but the 
child will then usually require assisted ventilation. Most 
children will be ready for extubation after 48 hours.

An alternative is to fi x the child’s arms to their thorax using 
a bandage to stop them pulling out the endotracheal tube 
but the stress to the child caused by this may have a del-
eterious effect on recovery. If possible, have a relative sit 
with the child to reassure them.

Angioneurotic oedema
See Section 5.1.B on anaphylaxis.

There are usually areas of painless swelling obvious in 
other areas of skin and mucous membranes. The eyes, lips 
and tongue are particularly likely to be affected. Stridor is 
caused by laryngeal oedema.

Management
 O Give adrenaline, 10 micrograms/kg IM.
 O Give adrenaline, 5 mL of 1 in 1000 nebulised with 100% 

oxygen.
 O Give 100% oxygen.
 O Give hydrocortisone, 4 mg/kg IV over 15 minutes or IM 

and repeat 8 hourly as required.
 O Give chlorphenamine, 250 micrograms/kg IV or orally 

(maximum dose 2.5 mg) or
 — 6 months to 6 years 2.5 mg and repeat up to 4 times 
in 24 hours

 — 6–12 years 5 mg and repeat up to 4 times in 24 hours
 — 12–18 years 10 mg and repeat up to 4 times in 
24 hours.

 O Give Ringer- lactate or Hartmann’s solution or 4.5% albu-
min (if available), 10–20 mL/kg, if the child is shocked.

 O Intubation or even tracheostomy may be required (con-
tact the ENT team).

Airway/inhalational burns (see 
Section 7.3.I.b)
Such burns are caused by inhalation of hot gases or toxic 
vapours. They may be associated with extensive skin burns. 
Be aware that airway obstruction may develop even if it is 
not obvious on fi rst assessment.

Management
 O Admit the child to a high- dependency unit (if 

available).
 O Give hydrocortisone, 4 mg/kg IV 6- hourly.
 O Give Ringer- lactate or Hartmann’s solution or 4.5% 

albumin boluses (10–20 mL/kg) for shock as required.
 O Intubation or tracheostomy may be necessary if indi-

cated by assessment.

TABLE 5.1.A.1 Contrasting features of croup and epiglottitis

Feature Croup Epiglottitis

Onset Over days Over hours

Preceding coryza Yes No

Cough Severe, barking Absent or slight

Able to drink Yes No

Drooling saliva No Yes

Appearance Unwell Toxic, very ill

Fever 38.5ºC 38.5

Stridor Harsh, rasping Soft

Voice muffl ed Hoarse Reluctant to speak

Need for intubation 1% 80%
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Diphtheria (see Section 6.1.C for 
further details on management)
Diphtheria is characterised by gradual onset of stridor 
in a child (usually 2 to 3 years old) with neck oedema 

and ulcerating lesions of the tonsillar bed forming a grey 
membrane. Bleeding may occur at the site and down the 
nose. The diagnosis may be confi rmed by throat swab and 
urgent Gram stain. There will usually be no evidence of 
DTP vaccination.

5.1.B The child with anaphylaxis

BOX 5.1.B.1 Minimum standards
 Q ABC of resuscitation.
 Q Adrenaline.
 Q Oxygen.
 Q Salbutamol by nebuliser or spacer.
 Q Hydrocortisone.
 Q Antihistamine.

Introduction
Anaphylaxis is an immunologically mediated reaction to 
ingested, inhaled or topical substances, which may pro-
gress to life- threatening shock and/or respiratory distress. 

Common causes include allergies to penicillin, anaes-
thetic agents, blood transfusion, radiographic contrast 
media, and certain foods, especially nuts.

Consider the diagnosis of anaphylaxis if any of the 
following symptoms are present when there is a history of 
previous severe reaction, rapidly progressive or increas-
ingly severe symptoms, a history of asthma, eczema or 
rhinitis (atopy).

This situation is potentially life- threatening and may 
result in a change in conscious level, collapse, or respira-
tory or cardiac arrest.

Management 
See Figure 5.1.B.1.
Remove the source of allergen if possible (e.g. take down 
the blood giving set if blood transfusion is the cause).

The key to anaphylaxis treatment is intramuscular 
adrenaline.

Remove allergen

Assess airway

Assess breathing

Assess circulation

Partial obstruction/
stridor

Complete 
obstruction

Adrenaline 10 micrograms/kg IM (0.1 mL/kg of 1 in 10 000)
Nebulised adrenaline 5 mL of 1 in 1000
Repeat nebuliser every 10 minutes as required
Hydrocortisone 4 mg/kg initial dose, then 2–4 mg/kg 6-hourly

Intubation with cricoid pressure or surgical airway or 
laryngeal mask

Wheeze

Apnoea

Adrenaline IM 0.1 mL/kg of 1 in 10 000
Nebulised salbutamol 2.5 mg < 5 years; 5 mg if > 5 years 
Repeat nebuliser every 15 minutes as required
Hydrocortisone 4 mg/kg initial dose, then 2–4 mg/kg 6-hourly
Consider aminophylline 5 mg/kg IV over 30 minutes 

Bag–mask ventilation

No pulse

Shock
Ringer-lactate or Hartmann’s solution 10 – 20 mL/kg 
IV bolus, reassess and repeat as required up to 40 
mL/kg

Reassess ABC Chlorpheniramine three times a day for 48 hours to 
prevent recurrence

No 
problems

No 
problems

No 
problems

No 
problems

Basic and advanced life support 

FIGURE 5.1.B.1 Pathway of care for anaphylaxis in a child. Note: Adrenaline should be repeated every 5 minutes. If repeated doses are 
ineffectual, use an IV infusion of adrenaline (see below)
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Airway: assessment and resuscitation
 O If there is no problem with the airway, assess Breathing.
 O If stridor is present there is obstruction (usually at the 

larynx):
 — Give 10 micrograms/kg adrenaline IM, then 5 mL 
adrenaline 1 in 1000 nebulised. 

 — Give 100% oxygen.
 — Consider intubation, and call for anaesthetic and 
ENT assistance.

 O If there is stridor with complete obstruction, intubate or 
create a surgical airway (see Section 8.2).

Breathing: assessment and resuscitation
 O If there is no problem with breathing, assess the 

Circulation.
 O If there is no breathing, give fi ve rescue breaths using 

a bag-valve-mask with 100% oxygen and assess the 
circulation.

 O If the child is wheezing, give 10 micrograms/kg adrena-
line IM and salbutamol (either by nebuliser 2.5 mg if 
under 5 years of age or 5 mg if over 5 years, (nebulised 
with 100% oxygen) or 1000 micrograms (5 puffs) of 
a metered dose inhaler via a spacer and repeated as 
required).

Circulation: assessment and resuscitation
 O If there is no problem with the circulation, observe the 

child.
 O If there is no pulse, start basic life support, assess the 

rhythm and treat.
 O If the child is shocked, give 10 micrograms/kg adrena-

line IM and 20 mL/kg IV bolus of Ringer- lactate or 
Hartmann’s solution. It may be necessary to give adrena-
line IV if shock is present (see below for dosage).

Reassess ABC and continue to give 100% 
oxygen

 O If there is airway deterioration, repeat IM adrenaline 
10 micrograms/kg with or without intubation. 

 O If the child is still wheezy, repeat IM adrenaline 10 micro-
grams/kg and hydrocortisone 4 mg/kg IV by slow 
Injection. Consider giving aminophylline 5 mg/kg by 
slow IV injection over 20–30 minutes followed by a 
1 mg/kg/hour IV infusion or salbutamol 4–6 micro-
grams/kg IV slow injection followed by an IV infusion of 
0.5–2.0 micrograms/kg/minute.

 O If the child is still shocked, repeat IM adrenaline 
10 micrograms/kg and give a further bolus of 10 mL/kg 
Ringer- lactate or Hartmann’s solution. If there is a poor 
response then give a further 10 mL/kg and consider 

giving an adrenaline infusion (see below). Intubation and 
ventilation may be needed if there is a poor response 
as now a total of 40 mL/kg of crystalloids have been 
given by bolus.

 O If there is no problem, observe the child.
 O If there are no symptoms other than rash or itching:

 — Give oral antihistamine (chlorphenamine, 250 micro-
grams/kg).

 — Give oral steroids (0.5–1 mg/kg oral prednisolone). 

Adrenaline
Adrenaline is given intramuscularly unless there is intrac-
table shock or cardiac arrest, in which case it should be 
given IV or by the intra- osseous route.

If repeated IM injections of adrenaline are not effective 
or last only a short time, start giving adrenaline IV. For treat-
ment of children in severe shock:

 O Place 1 mg (1 mL of 1 in 1000 adrenaline) in 50 mL of 
Ringer- lactate solution.

 O Then give 2–5 mL (40–100 micrograms) in a child 
(depending on size) and 1 mL (20 micrograms) in an 
infant under 1 year of age. Give IV slowly using a 
peripheral vein or ideally a central vein, if possible with 
ECG monitoring.

 O Repeat as required.
 O An infusion of adrenaline at 0.05–2.0 micrograms/kg/

minute may be needed (preferably via a central vein and 
using a syringe pump).

5.1.C The child with tonsillitis, otitis media, mastoiditis or 
retropharyngeal abscess

BOX 5.1.C.1 Minimum standards 
 Q Antibiotics: penicillin/amoxicillin/erythromycin.
 Q Quinolone antibiotic ear drops.
 Q Adrenaline nose drops.
 Q Wicking.

Tonsillitis
Tonsillitis is a common childhood disorder. The bacteria 
most commonly involved are beta- haemolytic streptococci, 
Streptococcus pneumoniae and Haemophilus infl uenzae, 
and around 50% of attacks are viral.

Classic symptoms include pyrexia and sore throat. 

TABLE 5.1.B.1 Features of anaphylaxis

Severity Symptoms Signs

Mild Burning sensation in mouth

Itching lips, mouth and throat

Feeling of warmth

Nausea and abdominal pain

Urticarial rash

Angio- oedema

Conjunctivitis

Red throat

Moderate Coughing and wheezing

Loose stools

Sweating

Irritability

Bronchospasm

Tachycardia

Pallor

Severe Diffi culty with breathing

Faintness or collapse

Stridor

Vomiting

Uncontrolled defecation

Severe 
bronchospasm

Laryngeal oedema

Shock

Respiratory arrest

Cardiac arrest
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Swallowing solid food is diffi cult, and fl uid intake must be 
encouraged. Painful cervical lymphadenopathy is the rule, 
and referred earache from the IXth cranial nerve is common. 
Febrile convulsions may occur in younger children, who may 
also present with acute abdominal pain without any throat 
symptoms, due to mesenteric lymphadenitis.

Examination
 O Tender lymphadenopathy beneath and/or behind the 

mandible.
 O Red enlarged tonsils with or without purulent exudate.

Differential diagnosis
Diphtheria and infectious mononucleosis (see Section 6.1.C 
for diphtheria and later in this section for infectious 
mononucleosis).

Treatment
 O Give paracetamol (20 mg/kg 4-  to 6- hourly) for pain 

relief. Bear in mind that attacks are often viral, and often 
antibiotics are not needed.

 O Penicillin is still an effective antibiotic, and in serious 
cases in hospital give penicillin 12.5 mg/kg four times 
daily orally. If the child is allergic to penicillin, erythromycin 
may be used.

 O Rarely there is acute partial airway obstruction due to 
massive tonsillar enlargement. In this case use IV ben-
zylpenicillin 25 mg/kg 6- hourly and IV hydrocortisone 
4–8 mg/kg initially, and then a further dose 4 hours later 
if needed at 4 mg/kg.

Recurrent tonsillitis
 O If the number of attacks increases with age rather than 

decreasing, tonsillectomy is appropriate if it is safe to 
perform in the healthcare facilities available.

 O As a rule of thumb, six attacks per year for 2 years over 
the age of 5 years could indicate a case for tonsillectomy.

 O It is often said that peritonsillar abscess (quinsy) is an 
indication, but one attack of quinsy is not enough to 
warrant the operation.

Indications for tonsillectomy
In the past, tonsillectomy was performed all too often. 
Sleep- related upper airway obstruction (see Section 5.1.D) 
is a good reason for undertaking tonsillectomy, and about 
10% of tonsil operations are currently done for this reason.

Peritonsillar abscess (quinsy)
This is a complication of tonsillitis, and it presents with a uni-
lateral swelling of the soft palate, defl ecting the uvula to the 
opposite side, with associated trismus. Surgical drainage is 
often necessary as well as IV penicillin as described above.

Acute suppurative otitis media (ASOM)
Acute suppurative otitis media is a mucosal infection of the 
middle ear and mastoid air cells, arising via the Eustachian 
tube. Streptococcus pneumoniae and Haemophilus infl u-
enzae are the bacteria most commonly involved, and about 
50% of cases are caused by viruses.

The symptoms are hearing loss, earache and fever. 
Pain is due to the bulging tympanic membrane from 
accumulated pus. Rupture leads to otorrhoea with rapid 
symptom improvement. Localising signs may be absent 

in infants, who may present with fever and systemic ill-
ness. On examination the tympanic membrane is red and 
bulging.

Treatment
 O Many cases of otitis media are incorrectly diag-

nosed: any child who is crying or has a fever will tend 
to have pink eardrums. Earache often presents at night. 
This is usually due to Eustachian tube obstruction occur-
ring when the child is sleeping, from accumulated mucus 
in the postnasal space resulting in a negative pressure 
in the ear, which wakes the child up with discomfort. 
Paracetamol, plus sitting up and drinking, will open 
the Eustachian tube and thus relieve the symptoms. 
Antibiotics are unnecessary.

 O In true otitis media with bulging eardrums, treat the 
child as an outpatient and always give an antibiotic 
as described below. It is not safe to withhold anti-
biotic treatment. Give oral amoxicillin 40 mg/kg twice 
a day for 7–10 days. If amoxicillin is not available give 
co- trimoxazole (trimethoprim 4 mg/kg/sulfamethoxazole 
20 mg/kg twice a day) for 7–10 days. 

 O Paracetamol relieves pain and reduces fever.
 O Ephedrine nose drops (0.5%) given 8- hourly for a maxi-

mum of 5 days may help to open the Eustachian tube 
and speed resolution.

 O If the eardrum is perforated, the ear must be kept dry 
until the resulting perforation has healed. This is achieved 
by teaching the parent to undertake wicking as follows. 
Roll a clean soft absorbent cotton cloth or strong tissue 
paper into a wick. Never use a cotton- tipped applica-
tor, or fl imsy paper that will fall apart in the ear, or a 
stick of any kind. Place the wick in the ear and remove 
it after a few seconds, when it is wet. Repeat until the 
ear is dry. Wicking should be undertaken at least three 
times daily, usually for 1 to 2 weeks, until pus is no longer 
present. The parent must not leave anything in the 
ear after wicking, must not put oil or any other fl uid 
in the ear, and should prevent the child from going 
swimming or putting their head under water until the 
ear has been dry for at least 2 weeks.

 O Check that the child has recovered at follow- up 1 week 
later. If ear pain or discharge persists, treat the child for 5 
more days with the same antibiotic and continue wicking 
the ear. Follow up in 5 days.

Chronic otitis media 
If pus has been draining from the ear for 2 weeks or longer 
and there is perforation of the ear drum, the child has a 
chronic otitis media infection. 

Treatment
 O Treat as an outpatient.
 O Keep the ear dry by wicking (see above).
 O Instil topical antibiotic ear drops (always without steroids, 

which must not be used in children) three times daily 
for 2 weeks. Drops containing quinolones (norfl oxacin, 
ofl oxacin, ciprofl oxacin) are more effective than other 
antibiotic drops; 0.3% ciprofloxacin drops (5 drops 
twice daily) have been most researched. 

 O Oral antibiotics are not indicated unless there is an acute 
otitis media.

 O Topical antiseptics and steroids should not be used.
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Follow- up after 1 week
If the ear discharge persists despite ear wicking and cip-
rofloxacin drops, consider IV antibiotic treatment with 
antibiotics that are effective against Pseudomonas (such as 
gentamicin, azlocillin and ceftazidime), in addition to wick-
ing. Do not give oral antibiotics for a chronically draining ear. 

If chronic suppurative otitis media (CSOM) continues 
despite the above treatment, do not forget the possibility 
of TB.

Secretory otitis media
This may lead to recurrent attacks of acute suppura-
tive otitis media (ASOM) because the exudate acts as a 
culture medium for repeated infections. Occasionally, 
myringotomy with grommet insertion is necessary. The 
alternative treatment is long- term low- dose oral antibiotics 
(trimethoprim 2 mg/kg once daily (maximum dose 100 mg) 
at night for 3 months). Eustachian tube function may also 
be improved by adenoidectomy.

Acute mastoiditis
This is a complication of ASOM. The mucosa of the mastoid 
system is always infl amed in ASOM. Mastoiditis occurs 
when the mucosal infl ammation spreads to the adjacent 
bone, causing osteitis, and eventually the outer cortex 
of the mastoid is breached, leading to a subperiosteal 
abscess behind the ear. The symptoms are similar to those 
of ASOM, but the signs include a forward displaced pinna 
with a tender fl uctuant swelling in the post- auricular sulcus.

Complications
Not only is the outer cortex of the mastoid involved, but 
also the bone adjacent to both the middle and the pos-
terior cranial fossa can be affected, occasionally leading 
to extradural abscess, meningitis and brain abscess. 
Facial nerve paralysis may occur from the pressure of 
pus on an exposed facial nerve.

Treatment
 O Give IV benzylpenicillin 50 mg/kg IV 6- hourly plus chlo-

ramphenicol 50 mg/kg 8- hourly IV OR plus fl ucloxacillin 
50 mg IV 6 hourly both for 5 days and then orally (peni-
cillin 25 mg/kg four times daily and chloramphenicol 
50 mg/kg 8- hourly) for another 5 days. Alternatively, give 
ceftriaxone 100 mg/kg IV/IM for 10 days. If there is no 
improvement within 24–48 hours or the child’s condition 
deteriorates, surgical drainage is necessary.

 O The key is to provide drainage for the mastoid system. 
If it is not possible to do a full- scale mas toidectomy 
(due to lack of equipment or expertise), a dramatic 
improvement, in conjunction with intravenous antibiot-
ics, may be obtained by incising the abscess (avoiding 
the mastoid tip in the small child where the facial nerve 
may be exposed) and opening into mastoid air cells.

 O If signs of meningitis or a brain abscess (indicated by a 
reduced level of consciousness, a fi t or localised neu-
rological signs) are seen or suspected, give high- dose 
IV antibiotics as for meningitis (see Section 5.16.B) and 
refer the child immediately to an appropriate specialist. 

Glandular fever/infectious 
mononucleosis
This is caused by the Epstein–Barr virus and may be similar 
in presentation to diphtheria.

Diagnosis
There are atypical lymphocytes on blood, monospot and 
Paul- Bunnell tests (usually but not always positive).

Management
 O Do not give ampicillin, amoxicillin or Augmentin for 

throat infections until glandular fever has been excluded 
(there is a risk of severe skin reaction). Antibiotics are 
unhelpful in glandular fever. Treatment is symptomatic.

 O Give IV maintenance fl uids if swallowing problems are 
causing dehydration.

 O Give IV hydrocortisone 4 mg/kg 6- hourly if signs of 
airway obstruction occur.

 O Intubation/tracheostomy is rarely indicated.

Retropharyngeal abscess 
Most common in infants and young children, retropharyn-
geal abscess (RPA) is an abscess located behind the 
posterior pharyngeal wall (the retropharyngeal space). 

RPA is usually caused by a bacterial infection origi-
nating in the nasopharynx, tonsils, sinuses, adenoids or 
middle ear, and can also result from a penetrating injury 
or a foreign body. It may result from suppuration of ret-
ropharyngeal lymph nodes from infected tonsil, adenoid, 
tooth or penetrating foreign body. The most common 
causative organisms are beta- haemolytic streptococci, 
Staphylococcus aureus, Haemophilus parainfl uenzae and 
anaerobic organisms.

RPA is a relatively uncommon illness, and therefore may 
not receive prompt diagnosis in children presenting with 
stiff neck (limited neck mobility or torticollis), some form 
of palpable neck pain (which may be in ‘front of the neck’ 
or around the larynx), malaise, diffi culty swallowing, high 
fever, stridor, trismus, dribbling of saliva, croupy cough or 
enlarged cervical lymph nodes. Early diagnosis is essen-
tial. Infection in the retropharyngeal space can pass down 
behind the oesophagus into the mediastinum, producing 
an extremely dangerous mediastinitis. 

Peroral surgical drainage of the abscess by incision 
under anaesthetic (or without anaesthetic in an emergency) 
is often required. An ENT specialist (if available) must be 
called urgently.

Surgery may be required urgently to relieve obstruction, 
but not all patients with retropharyngeal abscesses require 
surgery. One study found that of 162 paediatric patients with 
retropharyngeal abscess, 126 required surgery initially, and 
of the 36 patients who were initially treated conservatively 
with high- dose antibiotics, 17 required surgery. Surgery is 
best undertaken using general anaesthesia undertaken by 
an experienced anaesthetist, as there is risk of rupture of 
the abscess during intubation. In patients who present with 
severe airway obstruction, tracheostomy may be required 
before surgical drainage.

High- dose IV antibiotics, such as ampicillin plus fl u-
cloxacillin plus metronidazole, cefuroxime or ceftriaxone 
plus metronidazole, or clindamycin plus metronidazole, are 
required in order to control the infection, and can be used 
to reduce the size of the abscess prior to surgery.
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Chronic retropharyngeal abscess is usually secondary 
to tuberculosis of the cervical spine or spread from an 
infected lymph node, and the patient needs to be started 
on anti- TB treatment as soon as possible.

A CT scan (if available) is the defi nitive diagnostic test. 
A lateral X- ray of the neck will usually show swelling of 

the retropharyngeal space, with the following:
 O increased prevertebral soft tissue shadow
 O air and fl uid level in the pre- vertebral area
 O concavity or straightening of the cervical vertebral 

column
 O the air column is pushed forward.

If the retropharyngeal space is more than half of the size of 
the C2 vertebra, it may indicate retropharyngeal abscess.

A chest X- ray will also be valuable to exclude pneumonia 
and to show the size of the mediastinum.

Mediastinal tumours (see Section 5.14)
These often present with the slow onset of stridor in a child 
with other symptoms and signs (e.g. pallor, lethargy) may 
be precipitated or aggravated by mediastinal radiotherapy 
used for treatment of malignant causes.

Management
 O X- ray the chest and mediastinal inlet.
 O Intubation may be required as a temporary measure.
 O Treat the primary cause.

5.1.D The child with sleep- related upper airway obstruction 

BOX 5.1.D.1 Minimum standards
 Q Appropriate surgery (especially tonsillectomy and 

adenoidectomy). 
 Q Steroids: topical nasal and, for acute use, oral. 

Introduction
The incidence of sleep- related upper airway obstruction 
depends on the method of diagnosis (it affects 1–3% of 
preschool children). It is associated with both enlargement 
of the tonsils/adenoids and reduced tone or diameter in 
the upper airway.

Groups at risk are children with any of the following:
 O Pierre- Robin sequence
 O craniofacial syndromes
 O Down’s syndrome
 O cerebral palsy
 O neuromuscular disease
 O sickle- cell disease
 O Prader–Willi syndrome.

Presenting features
 O Snoring: this occurs in more than 10% of healthy 4-  to 

5- year- olds, and in most cases is benign. 
 O Sleep disturbance and restlessness.
 O Apnoeic episodes followed by inspiratory gasps.
 O Sleeping with the head extended.
 O Subcostal and sternal recession during sleep. 
 O Mouth breathing and halitosis. 
 O Daytime hyperactivity, poor concentration and irritability 

(young children).
 O Daytime sleepiness (older children).
 O Pulmonary hypertension. 
 O Heart failure.

These features may be associated with developmental 
delay, impaired cognitive function and behavioural dis-
orders. The disorder is insidious – the child may appear 
completely normal when awake, and the problem is 
most or only apparent during rapid eye movement (REM) 
sleep.

Investigations
A sleep observation or study is most useful. This can be 
done either by direct observation of the child during sleep 
with the chest and face exposed, or by video recording at 
home during sleep by the parents, looking for the following:

 O chest wall recession
 O snoring
 O sleep position
 O nocturnal restlessness.

It is also useful to monitor oxygen saturation (SpO2) during 
sleep. An abnormal result would be a lowest level of less 
than 87% or more than three dips below 90% during the 
night.

Also consider the following investigations:
 O barium swallow: to assess bulbar function and exclude 

tracheal compression
 O upper airway endoscopy: to assess the structure and 

dynamics of the upper airway
 O lateral X- ray of the post- nasal space: to assess the size 

of the adenoids.

Measurement of oxygen saturation (SpO2 )
Methodological issues that affect this measurement include 
the following: 

 O the instruments used (e.g. functional vs. fractional 
haemoglobin)

 O exclusion of motion artefact 
 O averaging 
 O altitude
 O inclusion of apnoeic pauses.

Normal data
In children outside infancy, a normal oximetry recording 
should have the following:
1 a median SpO2 level of * 95%
2 no more than four desaturations of * 4% per hour
3 no abnormal clusters of desaturation defi ned as * 5 in 

a 30- minute period.

Widely used criteria for abnormality in nocturnal oximetry 
recordings are falls of more than 4% below baseline and 
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desaturations below 90%. The measure that correlates 
best with poor academic performance is the lowest level 
of SpO2 (nadir) during the night (normal value is > 87.5%).

Adverse effects of hypoxaemia
These include the following:

 O poor weight gain
 O developmental delay
 O poor cognitive function
 O pulmonary hypertension
 O cyanotic apnoeic episodes.

Treatment
 O Time: the airway enlarges with growth.
 O Obstruction is worse with infections and may need a 

rescue course of steroids (e.g. prednisolone 0.5 mg/kg 
once daily for up to 7–10 days).

 O Topical steroids/decongestants.

 O Tonsillo- adenoidectomy.
 O Nasal CPAP. 
 O Nasopharyngeal tube (in infants).
 O Tracheostomy.

Nasal CPAP (see Section 1.25)
This is an effective non- invasive treatment, but it is associ-
ated with the following potential problems:

 O compliance
 O side effects:

 — skin sores
 — nose bleeds
 — conjunctivitis
 — aerophagy.

Reference
British Lung Foundation. OSA in Children. A leafl et for the 

parents of children with obstructive sleep apnoea. www.
blf.org.uk/Conditions/Detail/OSA- in- children#overview.

5.2 Lower airway disorders

5.2.A Bronchiolitis 

BOX 5.2.A.1 Minimum standards
 Q Oxygen.
 Q Oxygen saturation monitor.
 Q Bag-valve-mask system.
 Q Cannulae for thoracostomy.
 Q Antibiotics.
 Q Nasal CPAP.

Introduction
Wheezing is a whistling noise heard during expiration. The 
child who has cough or diffi culty breathing and wheezing 
will fi t into one of the following categories:

 O bronchiolitis (mainly less than 1 year old)
 O asthma (over 1 year old)
 O pneumonia with wheezing (any age).

In pneumonia with wheezing in children over 1 year of 
age and in asthma, a bronchodilator provides important 
symptomatic relief. An aerosol and large- volume spacer 
(which may be improvised) is the best way of administer-
ing a bronchodilator (see below). Bronchodilators are not 
routinely effective in bronchiolitis, but may be tried in some 
cases.

A lower respiratory viral infection, typically most severe 
in young infants, occurs in annual epidemics, and is char-
acterised by airways obstruction and wheezing. Respiratory 
syncytial virus is the most important cause. Secondary 

bacterial infection may occur and is common in some set-
tings. Episodes of wheeze may occur for months after an 
attack of bronchiolitis, but will eventually stop. Some babies 
who have had bronchiolitis go on to have asthma, but both 
bronchiolitis and asthma are common conditions, and a 
causal relationship has not been established.

Clinical features of bronchiolitis
 O Infants are coryzal, have a troublesome cough and may 

feed poorly or even be unable to suck and feed. There 
may be vomiting.

 O The nose is often obstructed by secretions.
 O On examining the chest, there may be hyperinfl ation, 

chest wall indrawing, nasal fl aring, grunting, wheeze 
and fi ne crackles at the lung bases.

 O Young infants may present with apnoeic/hypoxaemic 
episodes which may be recurrent and life- threatening.

 O There may be hypoxaemia, with SaO2 less than 94%, 
with or without cyanosis.

 O Some infants will have such severe respiratory distress 
that there is gasping; this is pre- terminal.

Treatment
Only supportive treatment (e.g. oxygen, gentle suction of 
the nose, and fl uids) is of benefi t. Antibiotics and broncho-
dilators have no role. However, in the most severe cases 
and unless you are certain that pneumonia is not present, 
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it is safer to give antibiotics and a trial of a bronchodilator 
(stop the bronchodilator if it is not helping). 

Non- invasive respiratory support to help to overcome 
small airway obstruction (nasal CPAP and continuous 
negative extrathoracic pressure (CNEP)) may be valuable 
(see Section 1.25 and Section 8.3). CNEP may be more 
effective because of the nasal blockage that accompanies 
bronchiolitis.

 O Give oxygen by nasal cannulae to keep SaO2 in the 
range 94–98%. Check that the nasal cannulae are in 
the correct place, and check frequently that they are 
not blocked by secretions.

 O Nasal clearance. Gentle nasal suction should be used 
to clear secretions in patients in whom nasal blockage 
is thought to be causing respiratory distress. This may 
be aided by saline nasal drops or spray.

 O Ensure that daily maintenance fl uids are achieved. If 
this is not possible by mouth, use nasogastric feeding. 
This should be considered in any patient who is unable 
to maintain oral intake or hydration (use the mother’s 
expressed breast milk if possible and if tolerated).

 O If the patient is vomiting despite nasogastric feeding, 
or severe respiratory distress is present, give fl uids IV.

 O If there are signs of pneumonia, give antibiotics (see 
Section 5.3.A).

 O If fever (* 39°C or * 102.2°F) is causing distress, give 
paracetamol. High fever is the exception rather than 
the rule in bronchiolitis, and should make you suspect 
bacterial infection.

Failure to improve
If the condition worsens suddenly, consider pneumotho-
rax, although this is uncommon. Tension pneumothorax 
associated with major respiratory distress and shift of the 

heart requires immediate relief by needle thoracocentesis 
(i.e. placing a needle to allow the air that is under pressure 
to escape) (see Section 8.3). If needle thoracocentesis is 
helpful, insert a chest tube with an underwater seal until 
the air leak closes spontaneously and the lung expands 
(see Section 8.3). The signs of pneumothorax in severe 
bronchiolitis may be diffi cult to detect clinically. However, 
needle thoracocentesis in the absence of a pneumothorax 
may cause one, so if you are unsure, take a chest X- ray. 
Even on a chest X- ray, the diagnosis may be very diffi cult 
due to the areas of hyperlucency in bronchiolitis caused 
by air trapping.

If respiratory failure develops, nasal continuous 
positive airways pressure (CPAP) or continuous nega-
tive extrathoracic pressure (CNEP) may be of benefi t 
(see Section 8.3).

If apnoeic episodes develop (this is most likely in 
premature infants), give bag-valve-mask resuscitation, 
then nasal CPAP or CNEP. Sometimes intubation and 
ventilation may be needed in a high- dependency ward 
(if available); if so, contact an anaesthetist urgently.

Infection control
Bronchiolitis is infectious and easily transmitted to other 
infants and young children in hospital. Babies in the neo-
natal unit are particularly at risk. The following strategies 
may reduce the risk of cross- infection (see Section 1.2):

 O hand washing between patients
 O the wearing of gloves and aprons
 O ideally isolate the affected patient, but close observa-

tions are needed
 O restrict visiting by anyone with symptoms of upper 

respiratory tract infection.

5.2.B Asthma

BOX 5.2.B.1 Minimum standards
 Q Inhaled bronchodilators (with spacers).
 Q Inhaled steroids.
 Q Prednisolone/hydrocortisone.
 Q Nebulised bronchodilators.
 Q Oxygen.
 Q Salbutamol, magnesium sulphate, adrenaline and 

aminophylline.
 Q Pulse oximetry.

Introduction
Asthma is a condition characterised by episodic or recurrent 
symptoms of cough, prolonged expiration with wheeze, 
chest tightness and shortness of breath without fever 
(although some episodes are precipitated by an upper 
respiratory tract infection which may have an accompanying 
fever). It is due to variable and reversible airway obstruction 
associated with chronic airway infl ammation. Asthma has 
become more prevalent over the last 20 years, along with 
the other atopic conditions such as allergic rhinitis and 
eczema. This is particularly so in well- resourced countries, 
where it is reported to occur in up to 10–15% of children.

Young children (under 5 years of age) often have 
‘asthma- like’ symptoms (cough, wheeze and shortness 
of breath) in response to respiratory infections, but with no 
demonstrable problem between infections. This tendency 
often stops in the early school years. In these children, treat-
ment of episodic symptoms with acute asthma therapies 
(‘relievers’) may still provide relief of symptoms, but ‘prevent-
ers’ (i.e. inhaled steroids) will not usually be of benefi t unless 
the child has continuous symptoms or is likely to be atopic 
(e.g. due to a personal or family history of asthma, eczema 
or allergic rhinitis). In the youngest children (less than 2 years 
old) with severe episodes or symptoms continuing between 
infections (interval symptoms), it is necessary to consider 
other diagnoses, such as bronchiectasis, tuberculosis, 
foreign body and cystic fi brosis.

Diagnosis of asthma between episodes
The diagnosis is clinical, and is based on a history of the 
following:

 O recurrent cough (mostly dry, becoming productive with 
exacerbations), wheeze, shortness of breath or chest 
tightness

 O symptoms worse at night, and on exertion
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 O symptoms worsened by respiratory infections, inhaled 
irritants (e.g. cigarette smoke), cold air, animal fur, excite-
ment or upset

 O a personal or close family history of eczema, rhinitis 
or asthma.

Examination may identify any of the following:
 O no abnormalities
 O slow growth
 O overinfl ation of the chest, Harrison’s sulci
 O wheeze, particularly on forced expiration
 O rhinitis or eczema.

Investigations
Investigations are not usually needed, but may help to sup-
port the diagnosis or exclude other conditions:
1 Chest X- ray. This is normal or shows overinfl ation (fl at 

diaphragms and hyperlucency, particularly when severe 
or acute), or increased perihilar linear markings.

2 Peak fl ow (in children aged 7–8 years or over). This may 
show the following:

 O more than 15% variability from morning to night (keep 
a peak fl ow diary)

 O a fall after 5–10 minutes of hard exercise
 O a rise after a dose of inhaled bronchodilators (e.g. 

salbutamol)
 O spirometry will show FEV1:FVC of less than 85% 

and concavity in the fl ow- volume loop, which is 
at least partially reversed by a dose of inhaled 
bronchodilators.

Skin prick tests, or IgE RASTs, do not aid the diagnosis, 
and only infrequently help in the management.

Symptoms that resolve with bronchodilators with or 
without steroids support the diagnosis, but bear in mind that 
conditions other than asthma may also show reversibility.

Ongoing management
 O Avoid allergic/irritant factors (e.g. smoke, chemical 

fumes, house dust mites, animal fur). Discourage ciga-
rette smoking and acquiring new pets at home.

 O Do not prevent the child from exercising, but pre- dose 
them 5–10 minutes beforehand with a dose of inhaled 
beta- 2 agonist bronchodilators (e.g. salbutamol).

Use of ‘reliever’ medication
 O Occasional symptoms (e.g. on 2 to 4 days per week) 

may be managed with only the use of a bronchodila-
tor (a ‘reliever’), and do not usually need a ‘preventer’ 
(see below).

 O Use inhaled drugs where possible, except in acute 
severe or life- threatening attacks, when the IV route 
may be used.

 O Use an aerosol spray (metered- dose inhaler) with a 
spacer (fi rst choice):

 — A commercial medium-  to large- volume spacer (e.g. 
Volumatic, AeroChamber), or a large (2- litre) plastic 
bottle with the aerosol sealed into one end, and the 
open end held closely over the nose and mouth (see 
Figure 5.2.B.1). 

 — Use 200–1000 micrograms of salbutamol (2–10 
sprays); more may be needed in younger children, 
or if the patient is acutely breathless (and repeated).

 — Each spray or puff should be inhaled individually in 
turn with 4 to 5 breaths, rather than fi lling the spacer 
device with multiple sprays.

 — For children under 5 years of age, attach a face 
mask (e.g. inverted adult mask) to the mouthpiece 
of a spacer.

Clean the spacer with soapy water and leave it to dry 
naturally to reduce static electrical charges on the inside. 
Alternatively, use a nebuliser to deliver salbutamol (this is 
less portable).

Children with asthma should always have immedi ate 
access to their usual reliever inhaler device. Children over 
7–8 years of age may keep their device with them.

Use of ‘preventer’ medication
More frequent symptoms, regular nocturnal symptoms 
or daily use of a bronchodilator should be treated with 
regular medication aimed at controlling airway infl amma-
tion (a ‘preventer’), such as inhaled steroids. Use inhaled 
(preferably through a spacer) beclomethasone propionate 
or budesonide, 200–400 micrograms twice daily.

 O Rinse the mouth (if feasible) after each dose of inhaled 
steroid.

 O Aim for rapid control of symptoms, and then tail down 
the dose over a period of months.

 O Gaining control may be helped by a short course 
(7–10 days) of systemic steroid (e.g. prednisolone 
500 micrograms/kg once daily after food or milk, maxi-
mum daily dose 40 mg).

 O Continue with bronchodilator use for symptom relief (but 
avoid regular use).

For frequent or severe symptoms, consider:
 O whether the diagnosis is correct
 O aggravating factors (e.g. rhinitis, stress, gastro- 

oesophageal refl ux)
 O whether the medication is being taken, and whether it 

is being taken correctly
 O increasing the inhaled steroid dose (beclomethasone to 

400–800 micrograms twice daily) or
 O adding leukotriene antago nists (e.g. montelukast), 

which are useful in preschool children, or a long- 
acting inhaled drug (e.g. salmeterol) or

 O oral methylxanthines (e.g. theophylline 5 mg/kg three to 
four times a day)

 O as a last resort, use of alternate- day oral prednisolone 
(start at 500 micrograms/kg on alternate days and 
reduce rapidly to 100 micrograms/kg on alternate days, 
to the nearest 1 mg or 5 mg tablets). Stop as soon as 
possible.

Children on inhaled or oral steroids should have regular FIGURE 5.2.B.1 ‘Spacer’ made from a large plastic bottle in use 
with an inhaler.
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checks of their growth and be watched for steroid side 
effects (e.g. oral thrush)

The control of asthma should be regularly reviewed (e.g. 
3- monthly) and medication stepped up or down depend-
ing on the symptoms and on peak fl ow measure ments or 
spirometry in those over 7 years of age. Families should 
be given written instructions and helped to change the 
treatment themselves, with support.

Management of an episode of acute 
asthma
Initial treatment of a mild to moderate acute attack of 
asthma is as follows: 

 O Reassure the child and their parents, and avoid upset 
as this may exacerbate respiratory distress.

 O Give a regular inhaled beta- 2 agonist bronchodilator, 
such as salbutamol aerosol 200–1000 micrograms (2 
to 10 sprays each of 100 micrograms, with each spray 
given after every four to fi ve breaths) via a spacer every 
30 minutes to 2- hourly until the child is better.

 O If the child does not respond to the spacer, give 2.5 mg 
salbutamol for children under 5 years and 5 mg salbuta-
mol for those over 5 years via a nebuliser 2-  to 4- hourly 
(use oxygen to drive the nebuliser if possible).

 O Give systemic steroids: oral prednisolone 1 mg/kg (maxi-
mum dose of 40 mg) for 3–5 days, depending on the 
duration of symptoms; administer with food or milk to 
avoid gastric irritation.

 O Treat or remove any exacerbating factors (see the 
‘Diagnosis’ section above).

 O Give antibiotics only if there are signs of pneumonia, 
especially a persistent fever.

Very severe or life- threatening asthma
Features of severe or life- threatening asthma include 
the following:

 O being too breathless to feed, drink or talk
 O marked recession/use of accessory muscles
 O respiratory rate of more than 50 breaths/minute
 O pulse rate of more than 140 beats/minute
 O poor chest movement or silent chest
 O exhaustion, agitation or reduced conscious level (due 

to hypoxia or hypercapnia)
 O hypoxaemia (SaO2 less than 90% in air or cyanosis) (this 

is a very late sign).

Treat immediately (use the ‘ABC’ approach):
 O Give 100% oxygen via a face mask with reservoir bag 

held by the parent or nurse close to the child’s face at 
10–15 litres/minute to keep SaO2 in the range 94–98%.

 O Give salbutamol inhaled from a nebuliser, 2.5 mg neb-
ules for children under 5 years and 5 mg for those over 
5 years, and repeated as required (drive the nebuliser 
with oxygen at 6–8 litres/minute rather than compressed 
air). Sometimes nebulisers may be needed continuously 
(described as ‘back to back’, i.e. as each nebule fi nishes, 
repeat with another).

 O If a nebuliser is not available, use inhaled salbutamol 
via a spacer (but now without a valve that needs open-
ing with each breath; see Figure 5.2.B.1, in which 
the home- made ‘spacer’ has no valve) as described 
above in acute asthma. That is, give salbutamol aerosol 
1000 micrograms (10 sprays each of 100 micrograms, 

with each spray given after every four to fi ve breaths) via 
the spacer every 5–10 minutes initially and then, once 
there is some improvement, 10 sprays over four to fi ve 
breaths each, every 10–30 minutes until the child is bet-
ter. Children under 4 years of age are likely to require a 
face mask connected to the mouthpiece of a spacer for 
successful drug delivery. Inhalers should be sprayed into 
the spacer in individual sprays and inhaled immediately 
by tidal breathing.

 O If nebulised or inhaled beta- agonist bronchodilators are 
not available or are not effective and the child is dete-
riorating, give an intramuscular injection of adrenaline: 
10 micrograms/kg (0.01 mL/kg of 1 in 1000 solution, up 
to a maximum of 300 micrograms), measured accurately 
with a 1- mL syringe (ensure that the needle is not in a 
vein before injecting). If there is no improvement after 
15 minutes, repeat the dose once.

 O In addition to the bronchodilator treatment, give 
systemic steroids either as IV/IM hydrocortisone 4 mg/
kg 4-  to 6- hourly (preferable) or as oral prednisolone 
(see above) until recovery. Start the steroids as soon as 
possible. A soluble preparation dissolved in a spoonful 
of water is preferable in those unable to swallow tablets. 
Use a dose of 20 mg for children aged 2–5 years. Repeat 
the dose of prednisolone in children who vomit, and give 
IV (or IM if a venous cannula cannot be inserted) hydro-
cortisone (4 mg/kg repeated 4- hourly) in those who are 
unable to retain orally ingested medication. Treatment for 
3–5 days is usually suffi cient, but the length of the course 
should be tailored to the number of days necessary to 
bring about recovery. Weaning is unnecessary unless 
the course of steroids exceeds 14 days.

If two to three doses of inhaled bronchodilator and systemic 
steroids do not result in improvement, or if life- threatening 
features are present, use:

 O IV beta- 2- agonist salbutamol (loading dose 5 micro-
grams/kg over 10–15 minutes in children under 2 years 
of age and 15 micrograms/kg over 2 years of age). If 
resources allow (i.e. only where high- dependency or 
intensive care is available), this can be followed by 
1–2 micrograms/kg/minute (maximum of 5 micrograms/
kg/minute) adjusted according to response and heart 
rate, and with monitoring of serum potassium levels as 
this electrolyte falls when salbutamol is given IV (see 
below)

 O or IV magnesium sulphate 40 milligrams/kg (maximum 
of 2 grams) over 20 minutes

 O or both of the above
 O an alternative to the above treatments is to give ami-

nophylline (loading dose 5 mg/kg over 20 minutes, 
followed by 1 mg/kg/hour by IV infusion in children aged 
1–12 years and 500 micrograms/kg/hour in patients 
aged over 12 years or under 1 year). Do not give the 
loading dose if the child has already received any form 
of aminophylline or caffeine in the previous 24 hours. 
Side effects include nausea, vomiting, tachycardia or 
tachyarrhythmia and seizures, and consequently this 
treatment is less preferred.

Severe and life- threatening hypokalaemia may occur with IV 
salbutamol, potentiated by steroids. If possible, monitor the 
ECG continuously and check potassium levels 12- hourly. 
ECG signs of hypokalaemia are ST depression, T- wave 
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reduction and prominent U waves. Ensure that maintenance 
potassium intake is given in the infusion fl uid.

If there is a poor response to the above treatment, or 
the child’s condition worsens suddenly, obtain a chest X- ray 
to look for evidence of pneumo thorax. In the presence of 
hyperinfl ation from asthma, detection of a pneumothorax 
on the chest X- ray may be diffi cult.

Monitor the above clinical features regularly, and also 
monitor oxygen saturation, by pulse oximeter if available. 
Keep SaO2 in the range 94–98% by administering oxygen, 
either by face mask or by nasal cannulae. Use oxygen to 
drive nebulisers.

If the above measures do not result in improvement, 
or the child is tiring and gasping, this may progress to a 
respiratory arrest. Positive airway pressure would be the 
usual next step. Some respiratory support can be given 
by the use of a bag-valve-mask system to increase tidal 
breaths, but beware of aspiration (insert a nasogastric tube).

Transcutaneous pCO2 monitoring is valuable in 
severe asthma.

In cases that do not respond to the above measures, 
obtain a chest X- ray and consider mechanical ventilation 
(slow rate, long expiration). A blood gas measurement 
showing respiratory acidosis can be valuable at this time, 
but remember that invasive procedures can worsen res-
piratory distress. 

If intubation and ventilation become essential, ketamine 
induction followed by inhalational anaesthetic gases (e.g. 
halothane) may assist bronchodilatation.

Indications for intubation and ventilation (if avail-
able) in severe asthma include the following:

 O increasing exhaustion
 O progressive deterioration in clinical condition
 O oxygenation decreasing and/or oxygen requirement 

increasing

High-flow oxygen by mask held close to nose and mouth
Salbutamol by spacer (see drug list below)

Back to oxygen by 
nasal cannulae

Repeat salbutamol by spacer 1- to 2-hourly 
Oral prednisolone once daily

Repeat as long as improving

Is the child  
improving? NOYES

Nebulised salbutamol driven by oxygen  
2.5 mg less than 5 years and 5 mg  for 5 
years or older   
or continuous salbutamol spacers 

Continuous nebulised salbutamol 
IV/IM hydrocortisone 4 mg/kg or oral 

prednisolone if not vomiting

IV salbutamol
or

IV magnesium
or

IV aminophylline

Subcutaneous or IM 
adrenaline 

OR

If NOT improving

If NOT improving

Drugs in asthma
Salbutamol
Inhaled by spacer without valve: give a spray of 100 microgarms 
into spacer after every 4–5 breaths.  Initially give 10 sprays (i.e. 
over 40 to 50 breaths) and then wait 10 minutes, review, and 
repeat every 10–30 minutes as necessary
Nebuliser

2.5 mg if < 5 years old
5 mg if > 5 years old

IV loading:  1 month to 2 years, 5 micrograms/kg; 2 – 18 years,  
15

 
micrograms/kg 

IV infusion: 1 – 2 micrograms/kg/minute according to response, 
heart rate and serum k+ level (essential)
Aminophylline
Loading 5 – 6 mg/kg over 20 – 60  minutes (maximum dose = 300 
mg)
Infusion 1 mg/kg/hour
Magnesium sulphate
40 mg/ kg  (maximum 2 grams) over 20 minutes by IV infusion 
Adrenaline
10 micrograms/kg IM or SC
Steroids
Hydrocortisone 4 – 8 mg/kg IV (maximum 300 mg)
Prednisolone 1 mg/kg orally

Omit loading dose of aminophylline if 
any has been given in preceding 24 

hours
Stop infusion if patient vomits, heart 

rate > 180 beats/minute, convulsions or 
headache

FIGURE 5.2.B.2 Pathway of care for very severe or life- threatening asthma.
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 O pCO2 increasing (if measurable from arterial/capillary 
gas)

 O sudden deterioration – and always consider the pos-
sibility of a pneumothorax.

Follow- up care
Once the child has improved suffi ciently to be discharged 

home, prescribe inhaled salbutamol through a metered- 
dose inhaler with a suitable commercially available or 
home- made spacer (see Figure 5.2.B.1), and instruct the 
parents in how to use this. 

Following any acute episode, review asthma control and 
management, including correct use of medications and the 
need for a step up in ‘preventive’ treatment. 

5.2.C The child with an inhaled foreign body

BOX 5.2.C.1 Minimum standards
 Q Chest X- ray.
 Q Antibiotics.
 Q Physiotherapy.
 Q Bronchoscopy.

Introduction
Any small object that can get through the trachea or large 
bronchi, such as a seed, a peanut or an eraser from the 
top of a pencil, can lodge in the lower airway. If the object 
is too small to cause life- threatening choking it will enter 
the lower respiratory tract and cause subacute respiratory 
symptoms after an initial coughing bout.

Diagnosis 
There may be a clear history from the parent or child of 
an episode of coughing or choking, followed by diffi culty 
in breathing. 

 O On examination of the child’s chest, look to see whether 
there is less chest expansion on one side when breath-
ing in.

 O Feel the trachea. It may be pushed away from the midline 
by air trapping on the side affected by the foreign body. 

 O This may also be seen on a chest X- ray (if avail able) (see 
Figure 5.2.C.1), ideally an expiratory and inspiratory fi lm. 

An inhaled foreign body in a young child can go down the 
right or left side. In older children and adults, a foreign body 
on the right side is more common. There may be a harsh 
wheezing noise heard on the side of the chest where the 
foreign body has lodged.

Treatment
Air may be trapped in the lungs beyond the point where the 
foreign body has lodged, or this part of the lung may become 
infected. Give the child antibiotics. Chloramphenicol, 25 mg/

kg every eight hours, is a good fi rst choice, but add fl ucloxa-
cillin or cloxacillin 25 mg/kg six hourly if there is a suspicion 
of or proven infection with Staphylococcus aureus. If there is 
evidence of severe pneumonia use the antibiotic combina-
tion in Section 5.3.A for severe pneumonia. Removal of a 
foreign body is a specialised procedure that must be car-
ried out using a bronchoscope. Treat the infection until the 
child can be transferred to a hospital where this procedure 
can be performed. Some gentle physiotherapy may help, 
but take care not to dislodge the foreign body, as this will 
cause infection and obstruction in another part of the lung.

If the foreign body is not removed there will be subse-
quent bronchiectasis and recurrent chest infections (see 
Section 5.3.B).

For the management of choking, see Section 1.12.

FIGURE 5.2.C.1 Chest X-ray of a child with a foreign body 
occluding the right middle and right lower lobe bronchi. The right 
upper lobe of the lung shows air trapping due to a ‘ball-valve’ 
effect. The foreign body is not visible because it is not radio 
opaque. 
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5.3 Lung disorders

5.3.A Pneumonia

BOX 5.3.A.1 Minimum standards
 Q Oxygen.
 Q Pulse oximeter.
 Q Antibiotics.
 Q Immunisations: pneumococcal.
 Q Chest X- ray.
 Q TB and HIV testing.

Acute respiratory infection
There are two categories of acute respiratory infection (ARI).

 O Acute upper respiratory infection (AURI): above the 
vocal cords and epiglottis. These infections include 
colds, tonsillitis and otitis media. They are not life- 
threatening, but may lead to disability (e.g. otitis media 
is a leading cause of deafness in resource- limited coun-
tries) and complications (e.g. rheumatic fever following 
streptococcal pharyngitis).

 O Acute lower respiratory infection (ALRI): below and 
including the vocal cords and epiglottis. These infections 
include croup (and other infectious causes of upper 
airway obstruction), pneumonia and bronchiolitis. Acute 
upper airway obstruction is described in Section 5.1.

Importance of acute respiratory infection
Pneumonia is responsible for around two million deaths 
annually in children under 5 years of age. In resource- 
limited countries, most of these infections are bacterial, and 
the most common causative bacteria are Streptococcus 
pneumoniae and Haemophilus infl uenzae. In severely 
malnourished children, Klebsiella pneumoniae and 
Staphylococcus aureus are the most common causa-
tive organisms.

Immunisation
Pneumococcal conjugate vaccine has been introduced to 
the primary immunisation schedule in many well- resourced 
countries, and reduces the incidence of X- ray- proven 
pneumonia in infants by around one- third. The HiB vaccine 
(against encapsulated Haemophilus infl uenzae type B) will 
not protect against unencapsulated H. infl uenzae, which 
causes some cases of pneumonia in resource- limited coun-
tries. Nevertheless, the HIb vaccine is very effective against 
other very serious infections caused by H. infl uenzae (e.g. 
meningitis, epiglottitis), and should be given to all infants 
in every country. Unfortunately, around 34 million children 
do not receive routine immunisations, and most of these 
are living in resource- limited countries.

Management of the child with acute 
upper respiratory infection
Coryza or pharyngitis
These are common self- limiting viral infections that require 
only supportive care. Antibiotics should not be given. 
Wheeze or stridor may occur in some children, especially 
infants. Most episodes end within 14 days. Cough lasting 
30 days or more may be caused by tuberculosis, asthma 
or pertussis.

Presentation
These infections present with cough, running nose, fever 
and sore throat, but not with fast breathing, chest indraw-
ing, stridor or danger signs for pneumonia (see below). 
Wheezing may occur in young children (see Section 5.2.A). 

Treatment
 O Treat the child as an outpatient.
 O Soothe the throat and relieve the cough with a safe 

remedy, such as a warm sweet drink.
 O Relieve high fever (* 39°C or * 102.2°F) with paraceta-

mol if it is causing distress.
 O Give normal fl uid requirements plus extra breast milk or 

fl uids if there is a fever. Small frequent drinks are more 
likely to be taken and less likely to be vomited.

 O Clear secretions from the nose before feeds using a 
cloth which has been soaked in water and twisted to 
form a pointed wick.

 O Do not give any of the following:
 — antibiotics (they are not effective for viral illnesses and 
do not prevent pneumonia)

 — remedies containing atropine, codeine or codeine 
derivatives, or alcohol (which may be harmful) 

 — medicated nose drops.

Advise the mother to feed the child normally, to watch for 
fast or diffi cult breathing, and to return if either develops or 
if the child is unable to drink or breastfeed.

Inform the mother that the child has mucus in the upper 
airways that ‘drops’ in the lungs, so the child coughs in 
order to remove it, and this means that the cough in itself 
is not dangerous.

Management of the child with acute 
lower respiratory infection (ALRI)
Children at greatest risk of dying from an ALRI have the 
following risk factors:

 O age under 1 year
 O malnutrition
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 O pneumonia as a complication of infection with measles, 
pertussis, malaria or HIV.

Diagnosis of ALRI
In many hospitals in resource- limited countries, special tests 
(e.g. blood culture, microbiology of respiratory secretions, 
X- rays) may be limited or unavailable. However, because 
the prevalence of bacterial pneumonia is high, the diagnosis 
must usually be made clinically. This will not be 100% accu-
rate, so a few children may receive antibiotics unnecessarily 
(i.e. clinical diagnosis has less than 100% specifi city). 
However, it is more important not to miss children who do 
need antibiotics (i.e. clinical diagnosis should have a good 
sensitivity). Clinical diagnosis may be as accurate as an 
X- ray and more helpful in deciding whether treatments 
such as oxygen are indicated. The clinical features will also 
help to decide how severe the child’s infection is and what 
treatment is appropriate. 

The following clinical features should be recorded: 
 O The presence of cyanosis, which is best seen in the 

lips or tongue. It may be missed if the lighting is poor 
or if the child is anaemic (e.g. due to co- infection with 
malaria), and it can be diffi cult to detect in black chil-
dren. Cyanosis is a late sign of respiratory problems, 
and if possible oxygenation should be assessed with a 
pulse oximeter. Normal saturation at sea level (SaO2) is 
greater than 94%.

 O Inability of the child to drink.
 O The presence of chest wall indrawing (an inward motion 

of the lower chest wall when the child breathes in).
 O The presence of grunting (expiratory braking).
 O The presence of hyperinfl ation (asthma or bronchiolitis).
 O Elevated respiratory rate. Respiratory rate is measured 

over 1 minute, using a suitable timing device. The res-
piratory rate in children varies with age. Table 5.3.A.1 
lists the abnormal values for respiratory rate for various 
age groups.

TABLE 5.3.A.1 WHO defi nition of abnormally fast breathing

Age Abnormally fast breathing

< 2 months * 60 breaths/minute

2–12 months * 50 breaths/minute

12 months to 5 years * 40 breaths/minute

Remember that conditions such as severe anaemia, 
dehydration and high fever are accompanied by a raised 
respiratory rate.

A high fever in a child with breathing diffi culties may be 
due to pneumonia, bacterial tracheitis or even epiglottitis. If 
the airway is clear, the most likely diagnosis is pneumonia. 
Although high fever and respiratory signs are the usual 
way for pneumonia to present, pneumonia should always 
be considered in the list of causes of abdominal pain and 
neck stiffness.

Clinical examination (or chest X- ray) cannot reliably dif-
ferentiate between a viral pneumonia and a bacterial one, 
so all cases are treated with antibiotics. 

Features of pneumonia include the following:
 O fever, cough, breathlessness and lethargy 
 O pleuritic chest pain, abdominal pain and neck stiffness 

(these indicate pleural involvement)

 O signs of consolidation:
 — dull percussion
 — reduced breath sounds
 — bronchial breathing may be absent in an infant

 O chest X- ray may show pleural effusion or empyema as 
well as consolidation.

Auscultation should always be undertaken, but only after 
fi rst checking for cyanosis, observing the breathing pat-
tern and the other signs as described above. Important 
clinical signs include evidence of the following:

 O consolidation or effusion/empyema
 O wheeze

FIGURE 5.3.A.1 Right middle lobe pneumonia. Note the loss of the 
right heart border.

FIGURE 5.3.A.2 Left lower lobe pneumonia. Note that the 
silhouette of the diaphragm cannot be seen on the left. The right 
middle lobe is also affected.

FIGURE 5.3.A.3 Right upper lobe pneumonia. Note that the 
horizontal fi ssure is pulled up.
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 O bronchiolitis (hyperinfl ation with crackles at the lung 
bases)

 O alveolitis (e.g. in HIV- induced Pneumocystis pneumonia) 
with end- inspiratory crackles.

 O pericardial involvement (rare)
 O pneumothorax (rare).

A chest X- ray may be helpful if there is any doubt about the 
diagnosis or if the child is seriously ill. 

Figures 5.3.A.1, 5.3.A.2 and 5.3.A.3 show the appear-
ance of lobar pneumonia affecting different lobes.

Additional features of ARLI usually include a fever and a 
cough. Pleuritic chest pain (which may radiate to the abdo-
men) may also be present in older children if the diagnosis 
is pneumonia.

Table 5.3.A.2 gives guidelines for the assessment 
and treatment of acute respiratory infection. Children with 
the following features should be managed differently, as 
described elsewhere in this book:

 O stridor (see Section 5.1.A)
 O wheeze (see Sections 5.2.A and 5.2.B)
 O severe malnutrition (see Section 5.10.B)
 O signs suggesting meningitis (see Section 5.16.B).

Diagnosis of severe pneumonia
This is diagnosed by the presence of cough or diffi cult 
breathing plus at least one of the following:

 O central cyanosis

 O inability to breastfeed or drink, or vomiting after every 
drink

 O convulsions, lethargy or unconsciousness
 O severe respiratory distress.

In addition, some or all of the other signs of pneumonia 
may be present, such as the following:

 O fast breathing: 
 — age < 2 months: * 60 breaths/minute
 — age 2–11 months: * 50 breaths/minute
 — age 1–5 years: * 40 breaths/minute

 O nasal fl aring
 O grunting (in young infants)
 O lower chest wall indrawing 
 O chest auscultation signs of pneumonia:

 — decreased breath sounds
 — bronchial breath sounds
 — crackles
 — abnormal vocal resonance (decreased over a pleural 
effusion, and increased over lobar consolidation)

 — pleural rub.

Obtain a chest X- ray and SaO2 (if available).
For children with no evidence of pneumonia but 

with signs suggesting a chest infection, look for ear and 
throat infections or infections in another system and treat 
accordingly.

TABLE 5.3.A.2 The management of children with different severities of acute lower respiratory tract infection (ALRI) (modifi ed from the 
WHO Pocket Book of Hospital Care for Children, second edition 2014)

Sign or symptom Classifi cation Treatment

Central cyanosis and/or SaO2 < 90%

Severe respiratory distress (e.g. head nodding, 
gasping, chest wall indrawing, grunting)

Fast breathing as below under ‘pneumonia that is 
not severe’

Decreased breath sounds and/or bronchial 
breathing

Crackles in the lung fi elds

Vocal resonance and percussion suggesting 
consolidation and/or effusion

Pleural rub 

Inability to drink, vomiting, reduced consciousness

Plus signs of pneumonia in the row below

Severe 
pneumonia

Admit to hospital

Give IV/IM appropriate antibiotics*

Give oxygen

Manage the airway

Treat high fever if present

If the child has HIV infection, refer to specifi c guidelines 
(and see Section 6.2.D)

Fast breathing but no chest wall indrawing:

* 60 breaths/minute in a child aged < 2 months

* 50 breaths/minute in a child aged 2–11 months

* 40 breaths/minute in a child aged 1–5 years

Defi nite crackles on auscultation

Pneumonia that is 
not severe

Home care (but depends on home circumstances and 
overall clinical state of the child)

Give an appropriate antibiotic*

Advise the mother when to return if treatment fails on 
amoxicillin and more appropriate second- line treatment 
is needed

Follow up in 2 days

No signs of pneumonia or severe pneumonia No pneumonia

Cough or coryza

Home care

Advise the mother to return for follow-up in 5 days if not 
improving

If coughing for more than 14 days, consider investigations 
for TB, asthma, inhaled foreign body, pertussis, HIV, 
bronchiectasis and lung abscess (see Figure 5.3.C.1).

* See details of antibiotics, routes of administration and durations for different categories of pneumonia in section ‘Antibiotics’ below 
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Oxygen
Children with severe or very severe pneumonia are likely 
to be hypoxaemic. However, cyanosis is a late sign of 
hypoxaemia.

Oxygen must always be available in suffi cient quantity to 
provide 24- hour treatment without depending on the avail-
ability of a reliable electricity supply.

Give oxygen if the child shows any of the following:
 O restlessness (if oxygen makes the child more comfortable)
 O severe chest wall indrawing
 O a breathing rate of more than 70 breaths/minute (in a 

child aged 2 months to 5 years)
 O grunting (in an infant under 2 months of age)
 O gasping
 O if a pulse oximeter is available, SaO2 of less than 94% 

(at sea level; lower values will be normal at high altitude, 
and normal values of SaO2 should be known for healthy 
local children in your area if it is at high altitude). Aim to 
maintain SaO2 in the range 94–98%.

Give oxygen until the signs of hypoxia (e.g. severe lower 
chest wall indrawing, high breathing rates and/or SaO2 
< 94% in air) are no longer present.

Oxygen delivery
A good source of oxygen is an oxygen concentrator. This 
is a durable piece of equipment, but it requires a continu-
ous supply of mains electricity to provide oxygen. It works 
on the ‘molecular- sieve’ principle, removing nitrogen from 
room air. The alternative is cylinder oxygen, but cylinders 
must be replenished regularly and need to be available at 
all times, which is expensive and may give rise to transport 
diffi culties. A combination of the two supplies of oxygen is 
essential. An oxygen generator which can provide oxygen 
and fi ll cylinders when the electrical power is available (e.g. 
Diamedica equipment). The concentrator or cylinder should 
be connected to a low- fl ow meter. The use of a fl ow splitter 
will allow up to four children to receive oxygen from one 
source. The oxygen should be delivered to the child using 
nasal cannulae. These should be only 2–3 mm long, to 
avoid nasal irritation.

Figure 5.3.A.4 shows the delivery of oxygen through 
nasal cannulae. 

A mask should be used to give high- fl ow oxygen during 
resuscitation.

Nurses should check frequently that the nasal cannulae 
are not blocked with mucus and are in the correct position, 
and that all connections are secure.

Antibiotics
Children who are vomiting or who require IV fl uids should 
have their antibiotics given intravenously (preferably), or 
intramuscularly if vascular access is diffi cult to achieve 
or maintain, for the fi rst 48 hours. Some antibiotics, such 
as gentamicin, are always given IV or IM. Certain antibiotics 
are reserved for specifi c circumstances, such as high- dose 
co- trimoxazole for suspected Pneumocystis jirovecii pneu-
monia, and fl ucloxacillin or cloxacillin for pulmonary abscess 
or bacterial tracheitis where Staphylococcus aureus is likely 
to be responsible. These are described at the end of the 
section on antibiotics.

For severe pneumonia:
 O Give ampicillin 50 mg/kg IM/IV or benzyl penicillin 50 000 

units/kg that is 30 mg/kg IM or IV every 6 hours plus 
gentamicin 7.5 mg/kg IM or IV once a day for 5 days. 
Then, if the child responds well, complete treatment 
with oral amoxicillin (25 mg/kg three times a day, maxi-
mum 500 mg, or 1 gram in severe cases) plus IM or IV 
gentamicin 7.5 mg/kg once daily for a further 5 days.

 O Alternatively, if the above are not available, give chlo-
ramphenicol (25 mg/kg IM or IV every 8 hours) until the 
child has improved. Then continue orally four times a 
day for a total course of 10 days. 

 O Or use ceftriaxone (80 mg/kg IM or IV once daily) or 
cefotaxime (50 mg/kg IV 6- hourly) for 10 days.

 O If the child does not improve within 48 hours, switch to 
gentamicin (7.5 mg/kg IM or IV once a day) and cloxacillin 
(50 mg/kg IM or IV every 6 hours), as described below 
for possible staphylococcal pneumonia. 

For pneumonia that is not severe:
 O Treat the child as an outpatient.
 O Give amoxicillin 40 mg/kg twice a day for 5 days. 
 O Give the fi rst dose at the clinic, and teach the mother 

how to give the other doses at home.
 O In infants aged 2–12 months who have some of the 

signs suggestive of non- severe pneumonia without a 
high fever but with wheeze, the most likely diagnosis 
is bronchiolitis. This is caused by a virus, and in the 
absence of signs suggesting the development of sec-
ondary bacterial infection (severe pneumonia), antibiotics 
are not necessary (see Section 5.2.A). The WHO recently 
published the following conclusion: Antibiotics are not 
routinely recommended for children aged 2 months 
to 5 years with non- severe pneumonia (that is, fast 
breathing with no chest indrawing or danger signs) 
with a wheeze but no fever (temperature below 
38°C), as the cause is most likely to be viral. 

Symptomatic and supportive treatment for 
children with all degrees of pneumonia
Nurse the child in a thermoneutral environment (lightly 
clothed in a warm room at around 25°C).

Fever:
 O Remember that fever may not be simply due to the 

child’s pneumonia. Consider other diagnoses, such 
as malaria.

 O If the child has fever (* 39°C or * 102.2°F) that appears 

FIGURE 5.3.A.4 Nasal cannulae for delivering oxygen. The cannula 
has been taped to the child’s cheeks, close to the nostrils. The 
tubing is run under the child’s shirt to stop them pulling it, and 
leads to the low- fl ow meter and oxygen concentrator or cylinder. A 
fl ow splitter may be used.
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to be causing distress, give paracetamol oral or rectally, 
10–15 mg/kg 4-  to 6- hourly.

 O Remove by gentle suction under direct observation any 
thick secretions in the throat which the child cannot clear.

 O Ensure daily maintenance fl uids appropriate for the 
child’s age, but avoid over- hydration. 

 O Encourage breastfeeding and oral fl uid intake.
 O If the child cannot drink, insert a nasogastric tube and 

give maintenance fl uids in frequent small amounts. If the 
child is taking fl uids adequately by mouth, do not use 
a nasogastric tube, as it increases the risk of aspiration 
pneumonia. Encourage eating as soon as food can be 
taken. When the child is recovering, nutritional rehabilita-
tion may be necessary.

Failure to start to improve within a few days
If the child has not improved after 2 days, or if their condi-
tion has worsened, re- examine them thoroughly, looking 
for signs of pleural effusion/empyema and other causes 
of fever. If possible, obtain a chest X-ray. This may show a 
pleural effusion or empyema (see Section 5.3.B) into which 
antibiotics cannot penetrate, or it may show the character-
istic pneumatocoeles (lung abscesses) of staphylococcal 
pneumonia. 

Also consider Mycoplasma pneumoniae or Bordetella 
pertussis infections. Pertussis should be recognisable 
because of the characteristic nocturnal emetic cough 
and the whoop in the child over 2 years of age.

Prescribe erythromycin if either of these infections is 
suspected. It should be given orally as follows:

 O 125 mg 6- hourly (children aged 1 month to 2 years)
 O 250 mg 6- hourly (children aged 2–8 years)
 O 500 mg 6- hourly (children over 8 years of age).

Pneumonia that does not respond to 
standard antibiotics within 2 weeks
Tuberculosis
A child with persistent fever for more than 2 weeks and 
signs of pneumonia should be evaluated for tuberculosis. 
If another cause of the fever cannot be found, tuberculosis 
should be considered and treatment for tuberculosis, fol-
lowing national guidelines, may be initiated and response 
to anti- tuberculous treatment evaluated (see Section 6.1.N).

Children who are HIV- positive or in whom HIV 
is suspected
Some aspects of antibiotic treatment are different in chil-
dren who are HIV- positive or in whom HIV is suspected. 
Although the pneumonia in many of these children has the 
same aetiology as in children without HIV, pneumocystis 
pneumonia (PCP), often at the age of 4–6 months, is an 
important additional cause which must be treated when 
present (see Section 6.2.D). While confi rming the diagno-
sis, give ampicillin plus gentamicin as described above for 
severe pneumonia.

Staphylococcal pneumonia
Staphylococcal pneumonia is suspected if there is rapid 
clinical deterioration despite treatment, a pneumatocoele 
or necrotising pneumonia with effusion on chest X- ray, 
numerous Gram- positive cocci in a smear of sputum, or 
heavy growth of Staphylococcus aureus in cultured sputum 
or empyema fl uid. 

 O Treat with cloxacillin (50 mg/kg IM or IV every 6 hours) 
and gentamicin (7.5 mg/kg IM or IV once a day) for at 
least 7 days.

 O When the child improves, continue cloxacillin/fl ucloxacil-
lin orally four times a day for a total course of 3 weeks. 
Note that cloxacillin can be substituted by another anti- 
staphylococcal antibiotic, such as oxacillin, fl ucloxacillin 
or dicloxacillin.

Severe dehydration
This may be a problem in pneumonia, arising from high 
fever and poor fl uid intake (see also Section 5.12.A for the 
treatment of diarrhoea and Section 5.5.A for the manage-
ment of shock). 

Look for signs of dehydration or shock (tachycardia, 
weak pulse, poor peripheral circulation, and capillary refi ll 
time prolonged by more than 3 seconds).

 O If the child is shocked: Site an intravenous line and 
give a bolus of crystalloid – for example, Hartmann’s 
solution, Ringer- lactate or colloid 10–20 mL/kg (10 mL/
kg in a neonate).

 O If the child is not shocked but is clinically dehy-
drated (see Section 5.12.A): Give oral rehydration 
solution (ORS), 15–20 mL/kg/hour for 2 hours orally or 
via nasogastric tube. Encourage breastfeeding.

Management of ALRI in special 
circumstances
Management of the child under 6 months of 
age
Young infants with severe ALRI/pneumonia may not cough, 
but rather they may present with apnoea, poor feeding or 
hypothermia. Remember that in infants under 2 months of 
age, the abnormal respiratory rate cut- off is higher (> 60 
breaths/minute). For infants aged 2–12 months the cut- off 
is > 50 breaths/minute.

 O Some chest wall indrawing is normal during REM (dream) 
sleep.

 O All infants with severe ALRI/pneumonia should be 
admitted to hospital for treatment.

 O Bronchiolitis is a frequent cause, and usually involves 
hypoxaemia due to ventilation to perfusion mismatch. 
Oxygen is usually required. Additional respiratory support 
(see Section 5.2.A) may also be necessary, especially 
if there is apnoea or severe respiratory distress leading 
to exhaustion.

 O Grunting (a short expiratory noise at the start of expira-
tion) is common and usually an indication for oxygen.

 O Avoid using chloramphenicol in infants under 
2 months of age (there is a risk of development of 
‘grey baby syndrome’). Use benzylpenicillin or ampicillin 
plus gentamicin instead.

 O Respiratory infection in neonates may rapidly develop 
into septicaemia, shock and death, so it is essential to 
act quickly (see Section 3.4).

Further reading
World Health Organization and UNICEF (2013) Ending 

Preventable Child Deaths from Pneumonia and Diarrhoea 
by 2025: the integrated Global Action Plan for Pneumonia 
and Diarrhoea (GAPPD). http://apps.who.int/iris/bitstr
eam/10665/79200/1/9789241505239_eng.pdf
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5.3.B Pleural effusion, empyema and bronchiectasis

BOX 5.3.B Minimum standards
 Q Oxygen.
 Q Pulse oximeter.
 Q Chest drain.
 Q Antibiotics.
 Q Physiotherapy.
 Q Chest X- ray/ultrasound.

Pleural effusion
A pleural effusion is a collection of fl uid between the chest 
wall and the lung. A small effusion of clear fl uid is common 
in children with pneumonia. Effusion should be suspected 
when one side of the chest sounds very dull to percussion 
and the breath sounds are very quiet. It can also be seen as 
usually unilateral shadowing on the X- ray. Usually this fl uid 
will quickly disappear once the infection has been treated. 
However, if treatment is started late, or the child is unlucky, 
this clear fl uid can become infected, too. This leads to pus 
accumulating in the chest cavity (an empyema).

On examination, the chest is dull to percussion and 
breath sounds are reduced or absent over the affected 
area. A pleural rub may be heard at an early stage before 
the effusion is fully developed. A chest X- ray shows fl uid 
on one or both sides of the chest.

An ultrasound examination may be helpful for iden-
tifying the size of the effusion and guiding drainage.

When empyema is present, fever persists despite 
antibiotic therapy, and the pleural fl uid is cloudy or frankly 
purulent.

Treatment
If a pleural effusion is suspected, X- ray the chest if possible. 
If this confi rms your suspicions, perform a diagnostic tap 
as follows:
1 In the case of young children, the child should sit on 

the mother’s lap, facing her. The mother then holds the 
child tightly in a bear hug. Older children can sit or lie 

on a bed, but it is important to explain carefully to them 
what is being done and have an assistant to hold the 
child steady.

2 Percuss out the area of dullness, put on sterile gloves 
and clean the skin with alcohol.

3 Gently inject some local anaesthetic (1% lidocaine) under 
the skin, down to the rib, using an orange (25- gauge) 
or blue (23- gauge) needle.

4 Then take a fresh 20- gauge needle or butterfl y needle 
connected to a syringe and press the needle though 
the chest wall just below the level where the percussion 
note becomes dull. Remember to go just above the rib 
(to avoid the intercostal blood vessels) and aspirate all 
the time. Ultrasound support is ideal if available.

5 When fl uid appears, aspirate a diagnostic specimen 
and send this for microscopy, protein, glucose, cell 
count, Gram and Ziehl–Neelsen stain (low yield for 
acid- fast bacilli), and culture for bacteria and tubercu-
losis. Remember that a clear fl uid aspirate can suggest 
another diagnosis, such as tuberculosis or lymphoma 
(especially if bloodstained).

6 Aspirate as much fl uid as possible during the procedure 
to allow the child to breathe more comfortably. A three- 
way tap connected to the catheter can be helpful. Ensure 
that air cannot enter the pleural space. If clear fl uid (straw 
coloured or brown) is aspirated, remove suffi cient fl uid 
to relieve distress and then remove the needle.

If more than a few millilitres of fl uid containing pus (opaque) 
are aspirated, and this does not easily pass down the nee-
dle, a chest drain will be required. This must be a sterile 
procedure, and is performed as follows:
1 Select a drain, the largest that will comfortably pass 

through the inter costal space into the cavity by holding 
the tip of the tube in the forceps. Do not use the stylet, 
as this can damage the lung. 

2 Position the child and locate the effusion in the same 
way as for the diagnostic tap.

3 Use suffi cient local anaesthetic (1% lidocaine). 
4 Make an incision in the skin and part the underlying 

muscle with artery forceps.

FIGURE 5.3.B.1 Chest X- ray of right- sided empyema. Note that 
this 5- year- old boy had a 1- week history of fever and shortness of 
breath. There was dullness to percussion and reduced air entry at 
the right lung base.

FIGURE 5.3.B.2 Chest X- ray in the same child after placement of a 
right- sided chest drain.
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5 Avoid the neurovascular bundle on the inferior part of 
the rib by keeping the incision and passage of the drain 
on top of the rib.

6 When the pleura is reached, puncture it with the forceps 
and thread the chest drain through the pleural hole.

7 Ensure that all of the drainage holes of the catheter are 
inside the chest.

8 Fix the drain with a gauze dressing, tape and a suture.
9 Connect to an underwater seal. If the drain has been 

placed correctly, fl uid will fl ow out and the fl uid level will 
‘swing’ with respiration.

Give ampicillin or cloxacillin/fl ucloxacillin 50 mg/kg IV or IM 
every 6 hours plus gentamicin 7.5 mg/kg IM/IV once daily. 
After at least 7 days IV/IM antibiotics, and providing the 
child is improving, continue fl ucloxacillin/cloxacillin orally 
50 mg/kg 6 hourly for a total of 3 weeks from the onset of 
the antibiotics. 

If the patient does not improve despite adequate chest 
drainage and antibiotics consider HIV and/or TB.

Figures 5.3.B.1 and 5.3.B.2 show the chest X- ray in a 
child with empyema, and the effect of placing a chest drain.

Lung abscess 
Diagnosis
A lung abscess is a collection of pus in the lung. This can 
result from an untreated foreign body, aspiration of other 
material (e.g. vomit), infection with Staphylococcus aureus, 
or as a complication of bronchiectasis. When examining 
the child, the fi ndings may be similar to those in the child 
with pneumonia, though they will often have been ill for 
longer. A chest X- ray (if available) will be helpful. Ultrasound 
scanning can show whether the abscess lies close to the 
posterior chest wall.

Treatment
Antibiotics are the most important form of treatment, and 
a long course (4–6 weeks) must be given. Give ampicillin 
or fl ucloxacillin/cloxacillin 50 mg/kg IV/IM every 6 hours 

plus gentamicin 7.5 mg/kg IM/IV once daily. Continue, as 
in empyema, for up to 3 weeks. If you are certain that the 
abscess lies close to the posterior chest wall, it can be 
aspirated in the same way as an empyema (see above). 

A chest drain must never be placed in a pulmonary 
abscess, as this can create a fi stula.

Surgical management may be required for a large 
abscess, especially if haemoptysis or a deterioration despite 
appropriate antibiotic therapy occur.

If the child has been ill for weeks, ensure good nutrition. 

Bronchiectasis
Diagnosis
Bronchiectasis occurs when the bronchi become baggy 
and full of mucus and pus. Bronchiectasis may follow infec-
tion such as tuberculosis, pertussis and measles. It may 
be due to congenital problems such as cystic fi brosis (see 
Section 5.3.C) and rarer lung diseases in which there are 
abnormal cilia or abnormal cilial activity, or an inhaled for-
eign body that has not been removed (see Section 5.2.C).

Sometimes a child who has had lobar pneumonia 
does not recover fully, and develops bronchiectasis in the 
affected lobe. There are other rare causes, such as some 
viral infections.

Children with bronchiectasis usually cough and produce 
sputum every day. Their symptoms may become much 
worse at times due to secondary infection. The child may 
have fi nger clubbing, a hyperinfl ated chest and coarse 
crackles in many parts of the lung. Look for thickened 
bronchi and areas of consolidation on the chest X- ray.

Treatment
Bronchiectasis cannot be cured, although occasionally 
symptoms can be improved by removing the lung 
lobe that is most severely affected. The child and 
their parents must understand that daily treatment with 
chest physiotherapy and frequent courses of antibiotics 
will be needed. The use of physiotherapy is described in 
Section 8.3.

5.3.C Cystic fi brosis 

BOX 5.3.C.1 Minimum standards
 Q Diagnostic testing.
 Q Pancreatic enzyme supplements. 
 Q Fat- soluble vitamins (A, D and E). 
 Q Daily chest physiotherapy.
 Q Early use of antibiotics, including fl ucloxacillin, amoxi-

cillin, chloramphenicol, ciprofl oxacin, gentamicin and 
ceftazidime.

Introduction
Pathophysiology
In the cells lining the airways of patients with cystic fi brosis 
(CF), chloride ions cannot leave the cell to enter the bron-
chial lumen. The cell cytoplasm has a high salt content, and 
water moves from the airway lumen into the cell by osmosis. 
The mucus within the lumen then becomes dehydrated. 

Sticky mucus interferes with the action of the respiratory 
cilia, and this leads to bacterial colonisation of the airway, 
with chronic infl ammation and neutrophil damage. There 
are also viscid secretions in the biliary tract, pancreas and 
reproductive system, causing poor fat digestion and very 
low fertility in male patients.

Cystic fi brosis is an autosomal- recessive genetic disor-
der that affects the lung, digestive system, sweat glands, 
liver, pancreas and reproductive system. Most deaths 
from cystic fi brosis are caused by respiratory failure. In 
well- resourced countries, many patients now survive well 
into adulthood.

Incidence
The incidence of cystic fi brosis in countries such as the UK 
and the USA is around 1 in 2500 live births, and around 1 in 
25 of the population are carriers. Very little is known about 
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the frequency of the disorder in resource- limited countries. 
Diagnosis relies on the sweat test, which is diffi cult to per-
form where laboratory facilities are limited. The incidence 
of cystic fi brosis among black South Africans is thought to 
be between 1 in 700 and 1 in 14000, with between 1 in 
14 and 1 in 60 of the general population being carriers. In 
some well- resourced countries there is routine screening of 
newborn infants from heelprick blood samples.

The CF gene
The CF gene is on chromosome 7. The commonest muta-
tion causing disease is DF508, and it occurs all over the 
world. (It is as common in cystic fi brosis patients in North 
Africa as it is in those in Northern Ireland.) Over 1000 other 
mutations have been found, many of which are rare. The 
gene product is a protein which sits on the apical membrane 
of epithelial cells and regulates the movement of chloride 
ions. As cystic fi brosis is a recessively inherited condition, 
two abnormal genes, one from each parent, are required 
for the disease to occur, and then this protein is defective 
and chloride transport is disrupted.

Presentation
Meconium ileus
In the newborn period, babies may present with a triad of:

 O failure to pass meconium in the fi rst 24 hours
 O abdominal distension
 O vomiting.

This picture may also occur in surgical conditions (e.g. 
Hirschsprung’s disease, imperforate anus), and any sick 
newborn infant may develop non- specifi c abdominal dis-
tension. Around 15% of babies with cystic fi brosis present 
with meconium ileus (i.e. diffi culty passing thick, sticky 
meconium, leading to small bowel obstruction).

Presentation in older children
This includes the following:

 O malabsorption (pale, greasy stools)
 O failure to thrive
 O rectal prolapse
 O chronic and recurrent chest infections
 O partially digested material with a high fat content may 

block the ascending colon (distal intestinal obstruction 
syndrome).

Differential diagnosis
The differential diagnosis of chronic cough and failure to 
thrive includes the following:

 O pulmonary tuberculosis
 O bronchiectasis (especially following measles, which may 

also cause chronic diarrhoea)
 O HIV infection.

Figure 5.3.C.1 shows a fl ow diagram for investigation of the 
child with chronic cough and failure to thrive, in areas where 
pulmonary tuberculosis and HIV infection are prevalent.

Is there a parent or family member with tuberculosis?

Investigate for pulmonary TB
Early-morning gastric lavage and ZN staining 

of specimens
Mantoux test (consider using ‘diagnostic 

BCG’ if very malnourished)
Obtain chest X-ray if possible (remember 

that primary TB may be difficult to diagnose 
on a chest X-ray)

Is there a parent or close relative with HIV
infection?

(important in infants where vertical
transmission may have taken place)

This makes vertically acquired 
HIV infection likely.  Testing 
for HIV must be undertaken 

(see  6.2.D) and 
appropriate antiretroviral 
treatment given. Ensure 
mother is also treated

Is there a history of 
measles or previous 

serious chest 
infection?

Yes

NoThe history may not 
be reliable

Investigate for TB.  If 
tests for TB are 

negative and there is 
a poor response to a 

trial of anti-TB 
treatment, then (in 

an infant) HIV is likely

No

Yes

Consider bronchiectasis
Try to obtain a chest X-ray

Try to obtain sputum (the cough is likely to be 
productive)

Treatment if bronchiectasis is likely
Treat active chest infection as described in 

 5.3.A
Start regular chest physiotherapy (this can be 

given by a parent) (see 8.3)
Ensure good nutrition

A sweat or genetic 
test for cystic fibrosis 

will be helpful if 
available

Yes No

Sec"on

Sec"on

Sec"on

FIGURE 5.3.C.1 Differential diagnosis of the child with chronic cough and failure to thrive.
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Diagnosing cystic fi brosis
The sweat test
This detects the high levels of chloride and sodium in sweat 
that occur in cystic fi brosis patients. The principle of the test 
is to allow pilocarpine to diffuse into the skin of the forearm 
using an electric current (pilocarpine iontophoresis), which 
stimulates sweating via cholinergic receptors in sweat 
glands. The sweat is collected on fi lter paper and the weight, 
chloride and sodium concentrations are calculated. At least 
100 mg of sweat are needed. Values highly suggestive of 
cystic fi brosis are concentrations of chloride and sodium 
of greater than 60 mmol/litre, with a higher concentration 
of chloride than sodium. False- negative and false- positive 
results are usually a consequence of faulty test technique, 
which is why there is a need for a specialised laboratory 
and experienced technician, which should be available in 
at least one hospital in every country.

Genetic tests
These can be performed on very small amounts of blood, 
collected as a dried blood spot on fi lter paper. It is pos-
sible to send dried blood spots to a genetics laboratory for 
analysis. A negative genetic test does not rule out cystic 
fi brosis (only common genes are tested).

Management
Treatment of children with cystic fi brosis in resource- limited 
countries has been identifi ed as a priority area by the WHO. 
For practical reasons, children with cystic fi brosis can be 
seen regularly in a clinic alongside children with bronchi-
ectasis. It is important that the child’s parents understand 
that cystic fi brosis cannot be cured. However, these chil-
dren can lead active lives with minimal symptoms initially, 
provided that daily treatment is given and deteriorations 
are treated promptly.

Pancreatic enzyme supplements
Most children with cystic fi brosis will require pancreatic 
enzyme supplements (e.g. Creon, Solvay Healthcare, or 
Pancrease, Janssen- Cilag). Young infants are given half 
a capsule per milk feed. Older children may need over 10 
capsules per meal. The capsules contain protease, lipase 
and amylase. The lipase is the most important compo-
nent for preventing malabsorption. Most brands contain 
5000–10 000 units of lipase per capsule. The correct 
dose of pancreatic enzyme supplements is not neces-
sarily related to age, but rather it is the amount required 
to control symptoms of steatorrhoea and achieve normal 
growth. The maximum dose (expressed as units of lipase) 
is 10 000 units/kg/day.

Fat- soluble vitamins
The child should be given extra fat- soluble vitamins. 
Appropriate doses are vitamin E, 50 mg once daily in infants 
and young children (aged 0–5 years), 100 mg/day in older 
children (aged 5–12 years), and 200 mg/day in patients over 
12 years of age. Vitamin E may be given as vitamin E sus-
pension 100 mg/mL or as 50 mg tablets. Multivitamin drops, 
such as Abidec, which contains vitamin A 4000 units/6 mL 
and vitamin D2 400 units/6 mL, are also required.

Abidec should be given as follows:
 O 0.3 mL/day for newborn infants

 O 0.6 mL/day for infants aged 1–12 months
 O 1.2 mL/day for children over 1 year of age.

Remember that an adequate calorie intake is vital. Do not 
restrict fat in the diet.

Chest physiotherapy 
Routine daily chest physiotherapy should be started as soon 
as the diagnosis is suspected. The most common method 
is percussion and postural drainage. In young infants this 
can be performed with the child across their parent’s lap, 
whereas in preschool children a foam ‘wedge’ helps the 
child to achieve the correct position for postural drainage. 
The percussion element of the treatment involves fi rm ‘clap-
ping’ movements with the fl at of the hand against the child’s 
chest. Older children and teenagers should be encouraged 
to take a more active part in their physiotherapy. A technique 
incorporating periods of diaphragmatic breathing followed 
by a forced expiration or ‘huff’, causing coughing, is suit-
able at this age.

(For physiotherapy techniques, see Section 8.3)

Antibiotics
Children with cystic fi brosis have intermittent or chronic 
infection with Staphylococcus aureus in the first 2 to 
3 years of life. Haemophilus infl uenzae is also seen in the 
early years and should be treated as a pathogen. In most 
children, chronic infection with Pseudomonas aeruginosa 
becomes established sooner or later. Later still, a variety of 
opportunistic organisms colonise the lungs. If the results of 
sputum or ‘cough swab’ cultures are available, these will 
allow you to choose an appropriate antibiotic. If not, the 
likely organisms in the age groups described above will be 
a rough guide. Ideally, the child’s respiratory microorgan-
isms should be monitored on a frequent and regular basis 
so that the appropriate antibiotic can be given promptly.

Antibiotic prophylaxis
In well- resourced countries, a continuous prophylactic oral 
antibiotic is often given to children with cystic fi brosis, up 
until 2 years of age. An antibiotic active against S. aureus, 
usually fl ucloxacillin, is chosen. In resource- limited coun-
tries this may not be an option, either because the diagnosis 
is made late or because continuous antibiotics are too 
expensive. However, flucloxacillin (125 mg twice daily) 
should be prescribed if possible for children under 2 years of 
age. Once mucoid Pseudomonas aeruginosa has become 
established, respiratory deterioration occurs, so in well- 
resourced countries various antibiotic regimes are used to 
reduce the bacterial burden in the lungs and slow down 
lung damage. Oral ciprofl oxacin, inhaled nebulised colistin 
or intravenous ceftazidime and tobramycin are variously 
used. Up- to- date details on antibiotic treatment for cystic 
fi brosis can be found on the website of the charity the Cystic 
Fibrosis Trust (www.cysticfi brosis.org.uk).

Treatment of exacerbations
If the cough worsens or the child produces more sputum, 
a full course of antibiotics should be started and continued 
for at least 2 weeks. Longer courses of antibiotics are given 
than in most other conditions. The following antibiotics 
are suitable.
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Flucloxacillin

TABLE 5.3.C.1 Oral fl ucloxacillin doses

Age (years) Dose Number of doses/day

< 1 year 125 mg 4

1–6 years 250 mg 4

7–12 years 500 mg 4

> 12 years 500–1000 mg 4

Amoxicillin or ampicillin

TABLE 5.3.C.2 Oral amoxicillin or ampicillin doses

Age (years) Dose Number of doses/day

< 1 year 125 mg 4

1–7 years 250 mg 4

> 7 years 500 mg 4

Flucloxacillin, combined with amoxicillin, has good activity 
against S. aureus and H. infl uenzae.

An alternative is chloramphenicol, which is active 
against S. aureus and H. infl uenzae. Its activity against 
P. aeruginosa is poor. Children with cystic fi brosis may 
receive many courses of antibiotics in their lifetime, and it is 
important to limit the number of courses of chloramphenicol 
that they receive, because of the risk of aplastic anaemia. 
However, because chloramphenicol is cheap and readily 
absorbed when given orally, it is justifi ed to use it spar-
ingly in cystic fi brosis. The oral dose of chloramphenicol is 
12.5 mg/kg 6- hourly.

If P. aeruginosa has been identifi ed in sputum, or infec-
tion is suspected, use one of the following antibiotics.

Gentamicin
Dose: 7.5 mg/kg, once daily for 2 weeks.

Monitor gentamicin levels if possible. Peak is 
5–10 micrograms/mL and trough is < 1 microgram/mL.

Patients with cystic fi brosis often have more rapid renal 
clearance and have lower levels for a given dose than other 

patients. If possible, combine gentamicin with another 
antipseudomonal antibiotic, such as ceftazidime.

Ciprofl oxacin
Dose:
Age < 1 year: 7.5 mg/kg/dose.
Age 1–3 years: 62.5 mg.
Age 3–7 years: 125 mg.
Age 7–12 years: 250 mg.

All age groups should have two doses of ciprofl oxacin daily, 
and a course will last 2 weeks.

Ceftazidime
Dose: 50 mg/kg, three times daily, given over 30 minutes 
for 2 weeks.

Other manifestations and complications of 
cystic fi brosis
In addition to those features mentioned above under clinical 
presentation, the following may occur:

 O haemoptysis (not usually a major problem)
 O pneumothorax (usually small because of chronic pleural 

thickening)
 O bronchiectasis
 O biliary cirrhosis, portal hypertension and oesophageal 

varices
 O diabetes mellitus (requiring insulin)
 O infertility (in men)
 O women may become pregnant but will need careful 

management of their chest problems
 O ‘meconium ileus equivalent’ (obstructed bowel occurring 

in older children)
 O arthropathy.

With the best care or in those rare patients with mild dis-
ease, survival is possible into the fourth decade. Careful 
management will improve the quality of life greatly for 
children in resource- limited countries. Sadly, most patients 
with cystic fi brosis, in any part of the world, ultimately die 
of respiratory failure.
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5.4 Cardiac disorders

5.4.A Congenital and rheumatic heart disease

BOX 5.4.A.1 Minimum standards
 Q Electrocardiograph.
 Q Chest X- ray.
 Q Prostaglandin E.
 Q Oxygen.
 Q Beta- blockers.

Introduction
Congenital heart disease occurs in 5–8 in 1000 live births. 

Every country should have immediate access to a hos-
pital that can surgically correct the easily curable acquired 
or congenital heart defects. The reality is very different 
with more than 90% of countries without access to such 
facilities. 

Investigations or treatments, which are likely to be una-
vailable or irrelevant in the absence of a specialist cardiac 
centre are highlighted.

TABLE 5.4.A.1 Percentage frequency of common congenital heart 
defects in the UK

Ventricular septal defect (VSD)

Persistent ductus arteriosus (PDA)

Pulmonary stenosis

Atrial septal defect (ASD)

Coarctation of the aorta

Tetralogy of Fallot

Aortic stenosis

Transposition of the great arteries

Hypoplastic left heart syndrome

Atrioventricular septal defect (AVSD)

32%

12%

8%

6%

6%

6%

5%

5%

3%

2%

Cardiac defects may present as any of the following:
 O cyanosis in the newborn period
 O cyanosis in the older infant
 O cardiovascular collapse in the newborn period
 O cardiac failure in infancy
 O an asymptomatic murmur.

This section explains how to recognise the presence of con-
genital heart disease in each of these clinical scenarios, and 
provides enough information to make a working diagnosis. 
Management decisions can then be made when modern 
imaging techniques are not immediately available.

The cyanotic newborn
Is there a cardiac problem?
When a child is referred as a ‘blue baby’, fi rst check to see 
whether there is genuine central cyanosis. Examine the lips 
and tongue for blue discoloration, and confi rm the clinical 
impression by measuring the oxygen saturation (less than 
94% is abnormal). If there is central cyanosis this may have 
a cardiac or respiratory cause.

TABLE 5.4.A.2 Features that distinguish cardiac from respiratory 
cyanosis in the neonate

Cardiac cyanosis Respiratory cyanosis*

Mild tachypnoea but no 
respiratory distress

May have cardiac signs on 
examination

Arterial blood gas: pO2?, 
pCO2? or normal

Fails hyperoxia test

Respiratory distress

Chest X- ray: abnormal lung 
fi elds

Arterial blood gas: pO2?, 
pCO2B or normal

Passes hyperoxia test

*A respiratory cause for cyanosis is more likely in infants born 
preterm.

The hyperoxia test is performed as follows:
1 Ensure that there is good IV access.
2 Monitor oxygen saturations continuously.
3 Give 100% oxygen for 10 minutes.
4 Take an arterial blood gas sample in the right arm 

(preductal).
 O If pO2 is lower than 20 kPa (150 mmHg), a cardiac 

cause of cyanosis is likely (the test is ‘failed’).
 O If pO2 is higher than 20 kPa, a respiratory cause of 

cyanosis is likely (the test is ‘passed’).
 O Although pulse oximetry cannot reliably be used in 

place of an arterial blood gas, a resting saturation 
of less than 80% and a saturation of less than 90% 
after 10 minutes in 100% oxygen suggests cyanotic 
heart disease requiring early intervention.

 O Note: Oxygen administration could cause clo-
sure of the arterial duct, precipitating profound 
hypoxaemia in some types of cyanotic congenital 
heart disease.

 O Prostaglandin E (which opens the duct) should there-
fore be available at the time of the test and should 
be given if oxygenation deteriorates.

Persistent pulmonary hypertension of the newborn (PPHN) 
may often mimic cyanotic heart disease using these clini-
cal criteria. However, PPHN is usually distinguished by a 
history of fetal distress, resuscitation is often needed at 
birth, and there may be neurological signs. Improvements 
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in oxygenation may be possible after intubation and ventila-
tion, and saturations in the right arm may be signifi cantly 
higher than those in the feet, suggesting right- to- left shunt-
ing across the arterial duct.

What type of cardiac defect is present?
Cyanotic cardiac defects can be divided into three broad 
categories, as described below.

Once cyanotic congenital heart disease is suspected, 
attempt to place the defect in one of the three categories. 
This may be done using Table 5.4.A.3, which describes 
the typical fi ndings in each physiological category. These 
guidelines assist the clinician but are not infallible, and 
the nature of the defect is sometimes only clear after 
echocardiography.

Cyanotic heart diseases
Low pulmonary blood fl ow
In defects where there is low pulmonary blood fl ow the 
physiology is the same regardless of the precise anatomy 
of the defect. Deoxygenated blood returning from the sys-
temic veins cannot fl ow through the right side of the heart 
to the lungs. The pulmonary blood supply is therefore via 
the arterial duct. The deoxygenated blood from the right 
side of the heart shunts to the left side of the heart (via 
either an atrial or a ventricular septal defect), and the left 
ventricle receives both deoxygenated blood from the right 
heart and oxygenated blood from the pulmonary venous 
return. Blood entering the aorta is therefore not fully oxygen-
ated, and the child appears cyanosed. If the duct closes, 
the infant becomes profoundly cyanosed and is unlikely to 
survive unless pulmonary blood fl ow is rapidly restored. This 
is duct- dependent pulmonary circulation, an example of 
which is shown in Figure 5.4.A.1.

Complete transposition of the great arteries (TGA)
Here the aorta arises from the right ventricle and the pulmo-
nary artery arises from the left ventricle (see Figure 5.4.A.2). 
Systemic venous return enters the right side of the heart and 
is recirculated to the systemic arteries. Pulmonary venous 
return enters the left side of the heart and is recirculated 
to the lungs. Oxygenated blood and deoxygenated blood 
are therefore separated in two parallel circuits. Oxygenated 
blood enters the systemic circulation only when there is 
mixing between the two circuits. Mixing occurs at atrial 
level (across the foramen ovale) and at ductal level (while 

FIGURE 5.4.A.1 The circulation in pulmonary atresia with intact 
ventricular septum. PDA, patent ductus arteriosus; Ao, aorta; 
PA, pulmonary artery; LA, left atrium; LV, left ventricle; RV, right 
ventricle; RA, right atrium.

FIGURE 5.4.A.2. Transposition of the great arteries. For 
explanation of abbreviations, see legend to Figure 5.4.A.1.

FIGURE 5.4.A.3 The circulation in double- outlet left ventricle. For 
explanation of abbreviations, see legend to Figure 5.4.A.1.
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the duct remains open). Systemic oxygen saturation refl ects 
the amount of mixing (which in turn depends on the size of 
these communications). If the atrial communication is small, 
oxygenation may therefore be duct dependent.

Common mixing lesions
In common mixing lesions, oxygenated pulmonary venous 
blood and deoxygenated systemic venous blood mix in one 
of the cardiac chambers. An example is shown in Figure 
5.4.A.3. The systemic output is therefore only partly oxy-
genated. The relative amounts of pulmonary and systemic 

blood in the mixture determine the oxygen saturation and 
the mode of presentation. If pulmonary blood fl ow is high, 
cyanosis is minimal, and the child usually presents at about 
2 months of age in heart failure. If pulmonary blood fl ow 
is low (the complex lesion may coexist with pulmonary 
stenosis), cyanosis is severe and is often detected early. 

Once the defect has been placed in one of these cat-
egories, immediate management decisions can be made. 
Although it is not imperative to reach a more specifi c diag-
nosis, an anatomical diagnosis can sometimes be made 
using clinical information and simple investigations.

TABLE 5.4.A.3 Features that help to distinguish the three types of cyanotic congenital heart defect

Low pulmonary blood fl ow Complete TGA Common mixing lesion

pO2 at rest

SaO2 at rest

Often ) 35 mmHg

< 80%

Often ) 35 mmHg

< 80%

Often * 45 mmHg

80–90%

pO2 hyperoxia test

SaO2 hyperoxia

Often ) 50 mmHg

< 90%

Often ) 50 mmHg

< 90%

75–200 mmHg

90–100%

Chest X- ray Reduced pulmonary vascular 
markings

Normal or increased pulmonary vascular 
markings with or without narrow 
mediastinum

Normal or increased pulmonary 
vascular markings

TABLE 5.4.A.4 Conditions with low pulmonary blood fl ow

Critical pulmonary stenosis

Pulmonary atresia with intact ventricular septum

Tetralogy of Fallot (with severe right ventricular outfl ow tract 
obstruction)

Pulmonary atresia with ventricular septal defect

Absent right atrioventricular connection

Pulmonary atresia with intact ventricular 
septum and critical pulmonary stenosis

These two conditions are similar pathologies with either 
complete or almost complete closure of the pulmonary 
valve. Both are often associated with hypoplasia of the right 
ventricle. There is either no murmur or a soft murmur at the 
lower left sternal border (tricuspid regurgitation). The chest 
X- ray usually shows a normal heart size. The precordial 
leads on the ECG usually show decreased right ventricular 
voltages (small R waves in leads V1 and V2) and dominant 
left ventricular voltages (prominent S waves in leads V1 and 
V2 and prominent R waves in leads V5 and V6). 

Tetralogy of Fallot and pulmonary atresia 
with ventricular septal defect
These two pathologies are also similar, but in Fallot’s 
tetralogy the right ventricular outfl ow tract is patent, albeit 
narrow, generating a high- pitched ejection systolic murmur 
at the upper left sternal border. In both defects, the cardiac 
silhouette on the chest X- ray has a concavity on the left 
heart border where there is usually a convexity produced 
by the right ventricular outfl ow tract and pulmonary artery. 
The ECG shows dominant right ventricular voltages (normal 
neonatal RS progression).

Absent right atrioventricular connection (also 
known as tricuspid atresia)
There is often a long harsh systolic murmur (this may arise 
from a restrictive ventricular septal defect or pulmonary 
stenosis). The precordial leads on the ECG show decreased 

right ventricular voltages and dominant left ventricular volt-
ages. The QRS axis is characteristically directed to the left 
and superiorly between 0 and –90 degrees.

Complete transposition of the great arteries
There is usually no murmur. The ECG shows dominant 
right ventricular voltages (normal neonatal RS progression). 
Therefore, if a newborn is severely cyanosed and otherwise 
appears clinically normal, actively look for a narrow medi-
astinum on the chest X- ray to help to make the diagnosis.

Management of defects with low 
pulmonary blood fl ow or complete TGA

 O Do not give oxygen after the hyperoxia test, as it may 
precipitate ductal closure.

 O Start IV prostaglandin E (PGE) to maintain ductal patency. 
There are two formulations, namely prostaglandin E1 
(PGE1) and prostaglandin E2 (PGE2). Commence PGE1 
at 25 nanograms/kg/minute or PGE2 at 5 nanograms/
kg/minute.

 O PGE infusion is made up by adding 30 micrograms/kg 
of prostaglandin to 50 mL of 5% dextrose (if the pump 
runs at 1 mL/hour this is equivalent to 10 nanograms/
kg/minute). 

 O If saturations are initially very low and fail to improve 
10 minutes after starting PGE, intubate and ventilate 
the baby in air and increase the PGE dose to 50 nano-
grams/kg/minute. The dose can be increased further to 
a maximum of 100 nanograms/kg/minute if there is still 
no response. Prostaglandin sometimes causes vasodila-
tion, so fl uid boluses may be required at high doses of 
PGE in order to maintain blood pressure.

 O PGE often causes hypoventilation and apnoea (particu-
larly at doses of PGE2 above 10 nanograms/kg/minute). 
If oxygen saturations initially improve with PGE and then 
start to fall, assess respiratory effort. If respiration is 
shallow or slow, intubate and ventilate in air.

 O If oxygen saturations start to fall after PGE is started, 
and respiratory effort appears adequate, increase the 



449

Section 5.4

PGE dose stepwise until a response is seen. At doses 
over 10 nanograms/kg/minute watch very carefully for 
hypoventilation.

 O Arrange for an urgent paediatric cardiology review and 
transfer the child to a cardiac centre.

 O Defects with poor pulmonary blood fl ow usually require 
a systemic to pulmonary artery shunt (modifi ed Blalock–
Taussig shunt) to provide a stable pulmonary blood 
supply. Where special interventional expertise is available 
it may be possible to implant a coronary stent in the duct 
to maintain patency and avoid surgery.

 O TGA often requires enlargement of the interatrial com-
munication by balloon atrial septostomy, followed 
by an arterial switch operation if surgical expertise is 
available.

 O For critical pulmonary valve stenosis or pulmonary 
atresia, early intervention to open the pulmonary valve 
is required. This can be done by the transcatheter route 
if interventional expertise is available.

Management of common mixing lesions
 O Monitor the child on the neonatal unit.
 O Arrange for an echocardiogram as soon as possible to 

defi ne the anatomy.
 O If oxygen saturations fall progressively to less than 70%, 

commence PGE and arrange for an urgent paediatric 
cardiology review.

 O Once the anatomy is defi ned it may be possible to 
discharge the baby without further treatment (after 
paediatric cardiology advice has been obtained).

The older infant with cyanosis
Is there a cardiac problem?
When an older infant presents with cyanosis, cardiac 
pathology is likely if:

 O Respiratory distress is not severe.
 O There is no carbon dioxide retention.
 O Respiratory pathology is not evident on the chest X- ray.
 O The cardiovascular examination is abnormal (see below).

What type of cardiac defect is present?
The cyanotic defects that commonly present after the 
neonatal period are tetralogy of Fallot and cyanotic defects 
with high pulmonary blood fl ow. They may escape detection 
at birth because cyanosis is initially only mild. In tetralogy 
of Fallot, there is right ventricular outfl ow tract obstruction 
and a large ventricular septal defect (VSD) (right ventricular 
hypertrophy and aortic override are the other components 
of the tetralogy). The right ventricular outfl ow tract obstruc-
tion limits blood fl ow to the pulmonary arteries, causing 
deoxygenated blood to shunt right to left across the VSD, 
resulting in cyanosis. With time, the right ventricular outfl ow 
tract obstruction usually becomes more severe, causing 
further reductions in pulmonary blood fl ow, more right to 
left shunting, and increasing cyanosis.

Cyanotic defects with high pulmonary blood 
fl ow
In cyanotic defects with high pulmonary blood fl ow (mostly 
common mixing defects), pulmonary fl ow increases as 
pulmonary vascular resistance decreases over the fi rst 
few weeks of life, resulting in progressively worsening 
cardiac failure.

TABLE 5.4.A.5 Cyanotic defects with high pulmonary blood fl ow

Truncus arteriosus

Total anomalous pulmonary venous connection

Double- outlet left ventricle

Absent right atrioventricular connection with large ventricular 
septal defect (tricuspid atresia)

Pulmonary atresia with large or multiple aorto- pulmonary 
collateral arteries 

TGA with large ventricular septal defect

Findings in defects with high pulmonary 
blood fl ow

 O May present with cardiac failure at 2–6 weeks of age.
 O Active praecordium.
 O Murmur usually present (may be systolic, diastolic or 

continuous).
 O Increased pulmonary vascular markings on chest X- ray.

Management of cyanotic defects with high 
pulmonary blood fl ow
Defi ne the anatomy by echocardiography. Manage cardiac 
failure medically (see Section 5.4.B). Surgical correction or 
pulmonary artery banding will be necessary in most cases.

Findings in tetralogy of Fallot
 O May present with increasing cyanosis.
 O May present with an ejection systolic murmur at the 

upper left sternal border.
 O Reduced pulmonary vascular markings on chest X- ray, 

and concavity on the left heart border where there is 
usually a convexity produced by the right ventricular 
outfl ow tract and pulmonary artery.

 O Children are often asymptomatic, but there may be 
sudden periods of increased cyanosis known as hyper-
cyanotic spells.

Characteristics of hypercyanotic spells
 O Spells often occur on waking from sleep or after feeding.
 O The infant becomes restless and agitated.
 O There is increased cyanosis and pallor.
 O Respiration is often rapid and shallow.
 O In severe spells, crying is followed by limpness or loss 

of consciousness.
 O Spells usually last 1–5 minutes, but may last longer 

when severe.
 O The ejection systolic murmur shortens or becomes 

inaudible.

Management of tetralogy of Fallot
The anatomy should be confi rmed by echocardiography, 
preferably within a few weeks of presentation, and surgical 
correction should be carried out between 6 and 12 months 
of age (although it can be carried out later).

Hypercyanotic spells may be life- threatening. If a 
child starts to have such spells, discuss this with a 
paediatric cardiologist immediately, as it is an indica-
tion for urgent surgery.

If hypercyanotic spells are more than a few minutes in 
duration, treat them urgently as follows:

 O Knee–chest position.
 O Give oxygen by face mask.
 O Give an IV bolus of Ringer- lactate or Hartmann’s solution 
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10–20 mL/kg, as during spells children are often rela-
tively hypovolaemic.

 O Give IV or IM morphine, 100 microgram/kg (or IV keta-
mine 1 mg/kg).

 O Give IV propranolol at an initial dose of 20 micrograms/kg 
with a maximum of 100 micrograms/kg (have isoprena-
line ready in case of excessive `–blockade).

 O Adrenaline may make spells worse.
 O General anaesthesia and artifi cial ventilation are needed 

in intractable cases.
 O If cyanosis persists, consider an emergency aorto- 

pulmonary shunt.

Neonatal cardiovascular collapse
Is there a cardiac problem?
When a child presents in shock in the fi rst month of life, 
the working diagnosis is often dehydration or sepsis. The 
following features help to distinguish cardiac causes of poor 
systemic output from non- cardiac causes:

 O collapse in the fi rst 2 weeks of life
 O poor feeding, lethargy and tachypnoea prior to collapse
 O hepatomegaly
 O pulmonary oedema and cardiomegaly on chest X- ray
 O lack of response to intravascular volume expansion.

What type of cardiac defect is present?
Left heart obstruction is the most likely cardiac cause of 
cardiovascular collapse with low systemic output in the 
fi rst 2 weeks of life:

TABLE 5.4.A.6 Left heart obstruction

Critical aortic stenosis

Hypoplastic left heart syndrome (HLHS)

Coarctation of the aorta

Interrupted aortic arch

Hypoplastic left heart syndrome
In hypoplastic left heart syndrome all of the left heart struc-
tures are small (see Figure 5.4.A.4). There is insuffi cient 
forward fl ow through the left ventricle and the aortic valve 
to support the systemic circulation. Pulmonary venous 
return cannot pass through the left heart, so it crosses 
the atrial septum and enters the right atrium, mixing with 
systemic venous return. Mixed pulmonary and systemic 
venous blood enters the right ventricle and is pumped to 
the pulmonary arteries and also across the arterial duct to 
supply the systemic circulation. Ductal fl ow passes to the 
descending aorta and retrogradely around the aortic arch to 
supply the head and neck vessels and the coronary arteries. 
Ductal fl ow is not fully oxygenated, so there is a degree of 
central cyanosis. When the duct closes, the cardiac out-
put falls precipitously, the infant becomes shocked, and 
cardiac failure develops. This is duct- dependent systemic 
circulation. The haemodynamics are the same in critical 
aortic stenosis. 

Coarctation of the aorta
Coarctation of the aorta consists of a narrowing in the 
descending aorta close to the aortic end of the arterial 
duct. Contractile tissue may extend from the duct into the 
aorta so that when the duct closes it draws in the adjacent 
section of aorta, causing obstruction. Flow to the head and 
neck vessels is maintained, but fl ow to the lower body distal 
to the coarctation site is dramatically reduced. The infant 
becomes shocked and acidotic. Cardiac failure develops 
secondary to high systemic afterload. This is also an exam-
ple of the systemic circulation depending on ductal patency 
(although systemic blood fl ow may not directly depend on a 
right- to- left shunt through the duct). In interrupted aortic 
arch, perfusion to the lower part of the body depends on 
right- to- left ductal fl ow and presentation is similar to that 
with coarctation.

The following features help to distinguish between the 
lesions:

 O If all of the pulses are weak or absent, consider HLHS 
or critical aortic stenosis.

 O If the right arm pulses are palpable and the femoral 
pulses are weak or absent, consider coarctation or 
interrupted aortic arch (note, however, that all pulses 
may initially be impalpable if the cardiac output is poor).

 O If four limb blood pressures demonstrate signifi cantly 
lower blood pressures in the legs than in the right arm 
(a gradient of more than 20 mmHg), consider coarctation 
or interrupted aortic arch. 

 O Coarctation often presents towards the beginning of the 
second week of life.

 O HLHS often presents in the fi rst 2 days of life.
 O In HLHS, the ECG shows reduced left ventricular volt-

ages (small R waves in leads V5 and V6).

Other cardiac causes of cardiovascular collapse in the fi rst 
few weeks of life are supraventricular tachycardia (SVT) 
(see Section 5.4.C) and cyanotic congenital heart disease 
with duct- dependent pulmonary blood flow (when the 
duct closes, the ensuing profound hypoxaemia causes 
acidosis and cardiovascular collapse). SVT should be 
evident on the ECG and cyanotic heart disease should be 
suspected when the oxygen saturation remains low after 
instituting the management described below for left heart 
obstruction.

FIGURE 5.4.A.4 Hypoplastic left heart. For explanation of 
abbreviations, see legend to Figure 5.4.A.1.
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Emergency management of low systemic 
output secondary to left heart obstruction
 1 Check the ECG (to exclude SVT as a cause of collapse).
 2 Obtain peripheral IV access if not already established 

(if IV access is diffi cult, intra- osseous access should be 
obtained).

 3 Give a fluid bolus of 10 mL/kg Ringer- lactate or 
Hartmann’s solution if not already given.

 4 Intubate and ventilate if there is signifi cant respiratory 
distress (high PEEP, 8–10 cmH2O).

 5 Once ventilated, commence prostaglandin E1 or E2 at 
100 nanograms/kg/minute (give for 30 minutes, then 
reduce to 25 nanograms/kg/minute, reducing again to 
10 nanograms/kg/minute when stabilised). If the initial 
clinical condition is not poor, commence PGE2 at a 
lower dose of 10 nanograms/kg/minute, which should 
avoid PGE- related apnoea and the need for ventilation.

 6 Admit the child to the paediatric ICU.
 7 Check blood sugar levels, full blood count, urea and 

electrolytes, coagulation, calcium levels and magne-
sium levels, and correct abnormalities.

 8 Take blood cultures and treat with IV antibiotics, as 
sepsis cannot be excluded.

 9 Check arterial blood gas (using the right arm if possible).
 10 Give IV furosemide 1 mg/kg if the chest X- ray shows 

pulmonary oedema.
 11 Insert central venous access and an arterial line.
 12 Reassess whether further intravascular volume is 

needed (give if the central venous pressure is low).
 13 Give dopamine 5–10 micrograms/kg/minute if perfusion 

remains poor or the blood pressure remains low.
 14 Give adrenaline 0.1–0.2 micrograms/kg/minute if perfu-

sion remains poor or the blood pressure remains low 
(by central venous access only).

 15 If acidosis is profound and not improving with other 
measures, give IV sodium bicarbonate 4.2%.

 16 Ask for an urgent paediatric cardiology review and 
advice.

Asymptomatic murmurs
When a child presents with an asymptomatic murmur, 
fi rst examine them for cyanosis and measure the oxygen 
saturation. If there is desaturation, refer the child for an 
echocardiogram, as cyanotic congenital heart disease 
requires a detailed anatomical assessment. Tetralogy of 
Fallot is the most likely diagnosis. If cyanosis is excluded, 
the child may have an innocent cardiac murmur or one of 
the following defects.

TABLE 5.4.A.7 Initially asymptomatic heart lesions

Left- to- right shunts Left or right heart 
obstruction

Small to moderate- sized VSD

Small to moderate- sized PDA

Atrial septal defect (ASD)

Partial AVSD

Pulmonary stenosis

Aortic stenosis

Coarctation of the aorta

Innocent murmurs are characterised as follows:
 O The Still’s murmur is a vibratory short systolic murmur 

heard at the lower left sternal border or apex.
 O The venous hum is a soft continuous murmur heard 

best below the clavicles, and is abolished by pressure 
over the jugular vein or lying down with the neck fl exed.

 O The pulmonary fl ow murmur is a soft ejection systolic 
murmur at the upper left sternal border, and may be 
confused with an ASD or mild pulmonary stenosis.

 O The neck bruit is an ejection systolic murmur that is 
maximal above the clavicle and may be confused with 
aortic stenosis.

The cardiac defects are characterised as follows:
 O In coarctation, the right arm blood pressure is often 

elevated, the femoral pulses are weak or impalpable, 
and there is brachiofemoral delay.

 O The patent ductus arteriosus (PDA) has a continuous 
murmur that is loudest in the left infraclavicular region.

 O The ventricular septal defect (VSD) has a harsh pan-
systolic murmur that is loudest at the lower left sternal 
border radiating to the lower right sternal border.

 O Aortic stenosis, pulmonary stenosis, atrial sep-
tal defect (ASD) and partial atrioventricular septal 
defect (AVSD) all have an ejection systolic murmur at 
the upper left sternal border.

 — In aortic stenosis the ejection systolic murmur is 
harsh and may be heard at the upper right and left 
sternal border. The murmur radiates to the carotid 
arteries and there is often a carotid thrill. There may 
be an ejection click at the apex if the stenosis is at 
valvar level.

 — In pulmonary stenosis, the ejection systolic murmur 
is harsh and radiates to the back. There may be an 
ejection click along the left sternal border if the ste-
nosis is at valvar level.

 — In an atrial septal defect (ASD) there is a soft ejection 
systolic murmur at the upper left sternal border from 
increased fl ow across the pulmonary valve. There is 
sometimes a fi xed widely split second heart sound, 
and there may be a mid- diastolic murmur at the lower 
left sternal border (from increased fl ow across the 
tricuspid valve) when the left- to- right shunt is large.

 — In partial atrioventricular septal defect (AVSD) 
there is an abnormal atrioventricular valve and a 
defect in the atrial septum. There may be a blowing 
pansystolic murmur at the lower left sternal border 
or apex from atrioventricular valve regurgitation. The 
ejection systolic murmur may mimic an ASD, but 
the defect is distinguished by a superior QRS axis 
on the ECG.

Unless the murmur is clearly innocent, perform an ECG 
and chest X- ray.

Right ventricular hypertrophy (RVH) is indicated by an 
R wave in lead V1 > 98th centile for age (³ 20 mm is always 
abnormal), a neonatal RS progression beyond the neona-
tal period (dominant R waves in lead V1 and dominant S 
waves in lead V6) or an upright T wave in lead V1 before 
the teenage years. 

Left ventricular hypertrophy (LVH) is indicated by T 
inversion in leads V5 and V6, loss of the Q wave in lead V6 
or the amplitude of the R wave in lead V6 plus S wave in 
lead V1 > 98th centile for age (³ 50 mm is always abnor-
mal). RVH may indicate signifi cant right heart obstruction 
or high pulmonary artery pressure (secondary to a large 
left- to- right shunt or pulmonary vascular disease). LVH may 
indicate signifi cant left heart obstruction. Cardiomegaly and 
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increased pulmonary vascular markings on the chest X- ray 
may indicate a large left- to- right shunt.

Any child who is thought to have an anatomical defect 
on the basis of the clinical examination, or any child with 
an abnormal ECG or chest X- ray, should if possible be 
referred to a paediatric cardiologist for an echocardiogram 
and opinion. If there is evidence of a signifi cant left- to- right 
shunt (see Section 5.4.B) in a VSD or PDA, the referral 
should be as soon as possible, as there is still a risk of 
pulmonary vascular disease even when the child does not 
present in heart failure.

Rheumatic fever
For the diagnosis and treatment of rheumatic fever, see 
Section 5.13.

Long-term consequences of rheumatic fever
After an attack of acute rheumatic fever there may be per-
manent valve damage. Rheumatic heart disease occurs 
when acute valve infl ammation is followed by scarring and 
fi brosis, resulting in various degrees of shortening, thick-
ening, rigidity, deformity, retraction and fusion of the valve 
cusps. The commonest valve lesions are mitral regurgita-
tion, mitral stenosis and aortic regurgitation.

Rheumatic heart disease is most severe and progressive 
in (1) children who initially have severe carditis in (2) children 
who have recurrent attacks of acute rheumatic fever. The 
prognosis is more favourable if recurrences are prevented 
(residual cardiac disease may disappear or improve and 
valve damage only worsens in a few cases). It is therefore 
crucial to maintain continuous antibiotic prophylaxis to 
prevent further valve damage, particularly as children are 
prone to develop a recurrence after the initial attack (below).

Mitral regurgitation
Mitral regurgitation is the commonest valve lesion in children 
with rheumatic heart disease. Patients are often asympto-
matic during childhood as symptoms are caused by left 
ventricular failure which may take as long as two decades 
to develop. However, cases may present before adoles-
cence and mitral regurgitation may be rapidly progressive 
in regions where the incidence of rheumatic fever is high 
and recurrent rheumatic fever is common. Mitral regurgita-
tion may be diagnosed by the presence of a blowing apical 
pansystolic murmur radiating to the left axilla. There may 
also be a third heart sound and a short low frequency mid-
diastolic murmur from increased transmitral fl ow.

Features of severe mitral regurgitation:
 O Easy fatigue (caused by low cardiac output)
 O Shortness of breath on exertion (caused by pulmonary 

oedema)
 O Hyperdynamic apical impulse and pansystolic murmur
 O Apical impulse displaced laterally and inferiorly
 O The chest X ray demonstrates cardiomegaly and left 

atrial enlargement (a double density on the right heart 
border and elevation of the left main bronchus)

 O The ECG demonstrates left atrial enlargement (broad 
bifi d P waves in lead II and a prominent negative com-
ponent to the P in V1) and left ventricular hypertrophy

 O Signs of pulmonary hypertension (see below).

If there are features of severe mitral regurgitation, the child 
should be urgently referred for a paediatric cardiology opin-
ion as surgery is likely to be necessary. Ideally all children 

with mitral regurgitation should be evaluated by echocar-
diography annually, as progressive left heart dilation may 
result in irreversible left ventricular dysfunction if referral is 
delayed until symptoms develop. Medical treatment should 
be given for heart failure (captopril is particularly useful) but 
children who are unwell enough to require this often need 
either a mitral valve repair or a mitral valve replacement with 
a mechanical valve or bioprosthesis.

Mitral stenosis
If there is effective antibiotic prophylaxis, mitral stenosis 
usually develops slowly over 5–10 years and is often not 
suffi ciently severe to cause symptoms in childhood. The 
reality in countries where there is inadequate prophylaxis 
and recurrent attacks of rheumatic fever are common is 
that mitral stenosis may progress much more rapidly and 
symptoms may be evident 6 months to 3 years after the fi rst 
attack. Mild stenosis does not cause symptoms, moder-
ate stenosis causes shortness of breath on exertion and 
severe stenosis causes easy fatigue, shortness of breath 
at rest, orthopnoea, paroxysmal nocturnal dyspnoea and 
haemop-tysis. Mitral stenosis may be diagnosed by the 
presence of a low frequency mid-diastolic murmur maximal 
at the apex. The murmur may be accentuated by exercise 
and is often accompanied by a loud fi rst heart sound and 
a diastolic opening snap. The murmur becomes longer as 
the severity of the stenosis increases. In severe cases there 
are also signs of pulmonary hypertension.

Signs of pulmonary hypertension:
 O Left parasternal heave
 O Loud second heart sound
 O Early diastolic murmur of pulmonary regurgitation at the 

upper left sternal border
 O Elevated JVP and hepatomegaly if there is right heart 

failure.

The chest X ray and ECG often show left atrial enlargement 
when there is moderate mitral stenosis. Radiographic signs 
of pulmonary oedema may be evident when stenosis is 
severe. ECG changes of right ventricular hypertrophy and 
right axis deviation are present when there is pulmonary 
hypertension. Symptoms should be treated with diuretics 
and a low-sodium diet. Digoxin is only indicated in rare 
cases where there is atrial fi brillation secondary to left atrial 
enlargement. Symptomatic children and children with signs 
of pulmonary hypertension should be referred for paediatric 
cardiology review as surgery is often necessary. The options 
for treatment are open or closed mitral commissurotomy, 
mitral valve replacement and percutaneous catheter balloon 
mitral commissurotomy.

Aortic regurgitation
Aortic regurgitation is less common than mitral regurgita-
tion and frequently occurs in combination with mitral valve 
disease. Affected children usually remain asymptomatic for 
many years as symptoms only become evident when left 
ventricular dysfunction develops secondary to chronic left 
ventricular volume overload. Severe symptomatic aortic 
regurgitation may however become established within 
1–2 years of the initial attack of rheumatic fever if recurrence 
is not prevented. Once symptoms appear deterioration is 
often rapid. Symptoms include exercise intolerance, short-
ness of breath on exertion and chest pain in a few severely 
affected cases. Examination reveals a blowing decrescendo 
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early diastolic murmur maximal at the mid to lower left 
sternal border. The murmur is loudest sitting forward with 
the breath held in expiration.

Signs of moderate to severe aortic regurgitation:
 O The murmur lengthens and may be throughout diastole
 O Hyperdynamic apex
 O Apical impulse displaced laterally and inferiorly
 O Wide pulse pressure
 O Collapsing pulses
 O Visible pulsations in the suprasternal notch and neck 

vessels
 O Systolic murmur at the upper right sternal border (from 

increased aortic valve fl ow).

If patients are symptomatic or have signs of severe aortic 

regurgitation they should be referred for paediatric cardiol-
ogy assessment as surgery may be necessary. Marked 
cardiomegaly on the chest X ray or multiple ventricular 
ectopics on the ECG should also prompt referral. Ideally all 
children with aortic regurgitation should have an echocar-
diogram at least annually as it is important to assess left 
ventricular dilation and function to ensure that surgery is 
carried out before irreversible left ventricular dysfunction 
develops. Exercise tolerance may be improved by captopril 
treatment and medical treatment for heart failure may be 
necessary in severe cases. Surgical options include aortic 
valve reconstruction, aortic valve replacement with an 
aortic homograft or mechanical valve and transferring the 
patient’s own pulmonary valve to the aortic position (Ross 
procedure).

5.4.B The child with heart failure and cardiomyopathy

BOX 5.4.B.1 Minimum standards
 Q Electrocardiograph.
 Q Chest X- ray.
 Q Furosemide.
 Q Spironolactone.
 Q Anticoagulant.

Introduction
Heart failure occurs when the heart is unable to pump 
enough blood to meet the metabolic needs of the body. 
The term is often used to indicate the clinical changes that 
occur when the cardiac pump cannot meet the workload 
it is presented with. This may occur either because the 
pump is weak (due to a primary abnormality of the cardiac 
muscle) or because the workload imposed on the heart is 
higher than normal. The latter is the case in congenital heart 
disease, where heart failure occurs because the heart is 
pumping against a high resistance (in the case of obstruc-
tive lesions) or because it is volume loaded (commonly in 
left- to- right shunting cardiac lesions).

Left- to- right shunting cardiac defects are the com-
monest cause of heart failure in infancy identified in 
well- resourced countries.

In resource-poor countries most heart failure is related 
either to severe anaemia or to fl uid overload when treating 
infections or severe malnutrition, particularly with IV fl uids 
or during blood transfusion (see below).

The physiology of left- to- right shunts
A large defect between the ventricles or great arteries allows 
free communication between the left and right sides of the 
heart. Left and right heart pressures therefore equalise, and 
pulmonary artery pressure is maintained at systemic level. 
The pulmonary vascular resistance then determines the 
pulmonary blood fl ow. In the newborn period the pulmonary 
vascular resistance is high, which limits the pulmonary blood 
fl ow and therefore the left- to- right shunt across the defect. 
Over the fi rst 6 weeks of life, the pulmonary vascular resist-
ance gradually falls, allowing pulmonary blood fl ow and the 
left- to- right shunt to increase. This gives rise to heart failure, 
which usually appears after 4 weeks of age. If the pulmonary 

arteries are exposed to high pressure and fl ow for a pro-
longed period, pulmonary vascular disease develops. This 
normally becomes signifi cant between 12 and 18 months 
of age. High pulmonary vascular resistance secondary to 
pulmonary vascular disease reduces the left- to- right shunt, 
and symptoms of heart failure gradually resolve. Eventually, 
pulmonary resistance becomes so high that fl ow across 
the defect becomes right to left, and cyanosis develops 
(Eisenmenger’s syndrome). The pulmonary artery pressure 
remains high throughout, and it is only the amount of fl ow 
through the lungs that changes.

Is heart failure present?

TABLE 5.4.B.1 Diagnosis of heart failure secondary to congenital 
heart disease in infancy

Symptoms Signs

Easily tired
Poor feeding
Breathlessness (particularly 
during feeds)
Sweaty (particularly during 
feeds)

Failure to thrive
Tachypnoea 
Increased respiratory effort
Tachycardia > 160 bpm
Sweating
Pallor 
Hepatomegaly
Gallop rhythm

What type of cardiac defect is present?
Heart failure in the first few weeks of life is a medical 
emergency.

The following causes should be considered:
 O supraventricular tachycardia
 O complete atrioventricular block
 O high- output cardiac failure
 O left heart obstruction.

Perform an ECG to detect supraventricular tachycardia and 
heart block. Check the haemoglobin level, as severe anae-
mia may cause high- output cardiac failure. Also examine the 
baby for cranial and hepatic bruits, as cranial and hepatic 
arteriovenous malformations are a potential (although very 
rare) cause of high- output cardiac failure.
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If these tests are negative, refer the child to a paedi-
atric cardiologist, as a left heart obstructive lesion is likely 
and there may be duct- dependent systemic circulation. 
Consider the use of prostaglandin to keep the ductus 
arteriosus open until the referral can be achieved (see 
Section 5.4.A).

Heart failure in infancy presenting after the fi rst few 
weeks of life may be caused by any of the following:

 O the left- to- right shunting lesions listed in Table 5.4.B.2
 O cyanotic congenital heart defects with high pulmonary 

blood fl ow
 O the same causes that present in the fi rst few weeks of life
 O myocarditis or cardiomyopathy.

TABLE 5.4.B.2 Common left- to- right shunting lesions that cause 
heart failure

Large ventricular septal defect (VSD)

Atrioventricular septal defect with large ventricular component 
(AVSD)

Large persistent ductus arteriosus (PDA)

Examine the child for cyanosis and measure the oxygen 
saturation. It should be possible to detect those children 
with cyanotic defects immediately (note, however, that 
children with AVSD are sometimes mildly desaturated). 
Next, attempt to detect the children with left- to- right shunts, 
looking for the following features which are present in 
signifi cant shunts: 

 O hyperdynamic precordial impulse
 O apical impulse displaced laterally and inferiorly
 O apical mid- diastolic murmur (from increased fl ow across 

the mitral valve)
 O loud second heart sound (from increased pulmonary 

artery diastolic pressure)
 O cardiomegaly and increased pulmonary vascular mark-

ings on the chest X- ray 
 O signs of heart failure and pulmonary oedema on the 

chest X- ray in severe cases.

If these examination fi ndings are not present and there is no 
evidence of SVT or a hyperdynamic circulation (see above), 
a left heart obstructive lesion should be considered. Some 
of these are eminently treatable conditions and if they 
are suspected the child should be referred for paediatric 
cardiology review without delay. 

If there is evidence of a large left- to- right shunt, 
refer the child to a paediatric cardiologist within a 
few weeks. These signs must not be missed, as a 
remediable cardiac defect is rendered inoperable by 
delay.

Although it is not imperative to make a more spe-
cifi c diagnosis, the following clinical features discriminate 
between the three most common left- to- right shunts:

 O The persistent arterial duct has a continuous murmur 
that is maximal in the left infraclavicular area.

 O A large ventricular septal defect has a quiet pansystolic 
murmur that is maximal at the lower left sternal border 
radiating to the lower right sternal border. There may also 
be a soft ejection systolic murmur at the upper left sternal 
border from increased fl ow across the pulmonary valve.

 O An atrioventricular septal defect with a large ventricular 
component may have a blowing pansystolic murmur at 
the lower left sternal border or apex from atrioventricular 

valve regurgitation. The ECG shows a characteristic 
superior QRS axis (between –30 and –180 degrees).

Heart failure in later infancy and childhood
In addition to the symptoms seen in early infancy (easily 
tired, poor feeding, breathlessness particularly during feeds, 
excess sweating particularly during feeds), older children 
may have decreased exercise tolerance, shortness of 
breath on exertion and when lying fl at. 

The signs of heart failure are cyanosis or SaO2 < 94%, 
basal lung crepitations, failure to thrive, tachypnoea > 50 
breaths/minute for children aged 2–12 months, tachyp-
noea > 40 breaths/minute for children aged 12 months to 
5 years and the cut-offs for tachycardia are > 120 bpm aged 
1–5 years and > 100 bpm after age 5 years. 

There is usually increased respiratory effort, sweating, 
pallor and hepatomegaly.

In older children the hepatomegaly may be tender, a 
gallop rhythm may be heard and a raised jugular venous 
pressure may be observed.

In addition to the congenital heart defects described in 
Section 5.4.A the following causes of heart failure should 
be considered:

 O Severe anaemia
 O Severe malnutrition
 O Excessive intravenous fl uids
 O Rheumatic fever
 O Myocarditis
 O Cardiomyopathy
 O Infective endocarditis
 O Constrictive pericarditis (rare and most often caused by 

tuberculosis) (see Section 6.1.N).

Anaemia is a common and often severe problem in poorly 
resourced settings (see Section 5.11.A). When the hae-
moglobin falls below 7 g/dl cardiac output must increase 
to maintain oxygen delivery and heart failure frequently 
develops with a haemoglobin < 5 g/dl). The treatment is 
careful blood transfusion, but the increase in intravascular 
volume may precipitate worsening heart failure. Blood 
must therefore be infused slowly in small boluses and an 
exchange transfusion may be needed if there is clinical 
deterioration. Furosemide 1 mg/kg IV may be given during 
transfusion (see Section 5.11.A). 

Protein-calorie malnutrition is also an important 
cause of cardiac failure in disadvantaged countries (see 
Section 5.10.B) with specifi c contributions from certain 
vitamin defi ciencies (see Section 5.10.A). Although cardiac 
failure is unusual at presentation, it may occur after several 
days of refeeding. Rapid refeeding can cause a hyper-
metabolic state, demanding an increase in cardiac output 
which cannot be met by the malnourished heart which has 
a decreased cardiac reserve. The problem is exacerbated 
by coexisting anaemia, blood transfusion, inappropriate 
intravenous fl uid administration and high sodium diets. 

The other common causes of cardiac failure are dealt 
with individually in the sections below.

Management of heart failure
Monitor heart and respiratory rates, respiratory distress and 
oxygenation regularly during treatment of acute heart failure. 
It is necessary to both control the symptoms of failure and 
to determine and treat the underlying cause.
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 O Treat severe anaemia if present, be careful with IV fl uids 
and ensure adequate nutrition.

 O Nasogastric feeding if there is inadequate oral intake.
 O For older children nurse sitting up with legs dependent
 O Treat hypoxaemia with oxygen to keep SaO2 > 94%.
 O In an emergency where there is pulmonary oedema, give 

furosemide 1 mg/kg IV which should produce a diuresis 
within 2 hours. If the initial dose is ineffective, give 2 mg/
kg IV and repeat after 12 hours if necessary.

 O For chronic heart failure give oral furosemide 1 mg/kg 
once a day, twice a day or three times a day.

 O Spironolactone 1 mg/kg once a day or twice a day 
in combination with furosemide, matching the dose 
frequency, to enhance diuresis and prevent furosemide-
related hypokalaemia.

 O If furosemide is used without spironolactone, oral potas-
sium 3–5 mmol/kg/day, should be given (supplemental 
potassium is not required if furosemide is given for less 
than 4 days).

If more than twice daily diuretics are required, consider using 
captopril. Captopril should be commenced in hospital with 
a 100 microgram/kg test dose. The dose should then be 
increased gradually over a number of days 100–300 micro-
gram/kg 2–3 times a day to a maximum total dose of 
4 mg/kg daily. After the test dose and each increment 
monitor the blood pressure carefully, as hypotension is 
common. Reduce the dose if significant hypotension 
occurs. Monitor urea and electrolytes daily while building 
up the dose, as renal failure is a well-recognised side effect. 
Stop spironolactone when the captopril dose is greater 
than 500 micrograms/kg per day as both drugs cause 
potassium retention. Do not give captopril if there is left 
heart obstruction.

Cardiomyopathy and myocarditis
Myocarditis and dilated cardiomyopathy both cause impair-
ment of myocardial contractility. This results in a dilated 
poorly functioning heart. Children present with heart failure, 
sometimes in association with shock. They may also more 
rarely present with ventricular arrhythmias.

The unexpected onset of heart failure in a previously 
well child should suggest the diagnosis. However, in the fi rst 
3 months of life, heart failure associated with cardiomegaly 
is more likely to be caused by congenital heart disease than 
by heart muscle disease. Echocardiography is therefore 
particularly important in this age group, to discriminate 
between the two potential causes of heart failure.

In addition to the features of heart failure listed earlier 
in Table 5.4.B.1, signs may include lateral displacement 
of the apex beat and an apical pansystolic murmur from 
mitral regurgitation. The chest X- ray often demonstrates 
cardiomegaly. It is not essential to identify whether the 
child has cardiomyopathy or myocarditis, as the manage-
ment of both conditions is the same. However, the latter 
may be suggested by a preceding viral illness or evidence 
of acute myocardial damage with elevated blood levels of 
creatinine kinase or troponin. Myocarditis may be confi rmed 
by identifying enterovirus by polymerase chain reaction 
(PCR) or serology.

In most cases, the cause of the cardiomyopathy remains 
unknown. However, it is important to perform a 12- lead 
ECG in all cases of cardiomyopathy, as it may reveal two 

particular conditions that are reversible causes of poor 
heart function:

 O Incessant tachyarrhythmias may cause cardiomyopathy. 
In cardiomyopathy there is often sinus tachycardia, 
which appears on the ECG as a heart rate faster than 
that expected for the child’s age, with each QRS com-
plex being preceded by a P wave that is positive in 
both lead I and lead aVF. If the QRS complexes are not 
preceded by P waves, or P- wave morphology is unusual, 
the rhythm is not sinus rhythm and a tachyarrhythmia 
must be suspected. Sometimes the tachyarrhythmia 
heart rate is only marginally higher than that expected 
for the child’s age, but many months of mild tachycar-
dia have resulted in poor function. If the arrhythmia 
is successfully controlled with anti- arrhythmic drugs 
or radiofrequency ablation, the heart function should 
normalise.

 O Anomalous origin of the left coronary artery from the pul-
monary artery (ALCAPA) presents with severely impaired 
cardiac function at around 3 months of age. The ECG 
will show transmural anterolateral myocardial infarction 
in most cases. If the coronary artery is reimplanted in 
the aortic root the function will usually recover.

Post- intervention management is aimed at supporting the 
heart while function spontaneously recovers. It includes 
the following:

 O Furosemide and spironolactone (see above, under 
heart failure)

 O Captopril (see above, under heart failure)
 O Digoxin:

 — 5 micrograms/kg orally twice a day (in children under 
5 years old).

 — 3 micrograms/kg orally twice a day (in children over 
5 years old).

 — Plasma levels should be in the range 0.8–2.0 micro-
grams/litre (check the level after 5 days, and at least 
6 hours after giving a dose).

 O Aspirin 3–5 micrograms/kg once a day if function is poor, 
to prevent thromboembolism.

 O Anticoagulation if cardiac function is very poor:
 — Heparin IV, initially 20 U/kg/hour, titrated to APTT 2–3 
times normal.

 — Warfarin if anticoagulation is needed long term.
 O Intubation and ventilation if pulmonary oedema is severe.
 O Inotropic support (dobutamine 5–10 micrograms/kg/

minute, dopamine 5–10 micrograms/kg/minute, mil-
rinone maximum dose of 0.7 micrograms/kg/minute). 
Ventilation and inotropic drugs should be a last resort if 
the child is deteriorating despite other measures, as it 
can be diffi cult to wean them off intensive care support 
once these steps are taken.

 O Once the child is stabilised, introduce carvedilol at a 
dose of 50 micrograms/kg (maximum dose 3.125 mg) 
twice a day, doubling the dose at intervals of at least 
2 weeks up to an upper limit of 350 micrograms/kg 
(maximum 25 mg) twice a day. Use echocardiography to 
check that cardiac function has not deteriorated before 
each dose increment, and monitor blood pressure for 
4 hours after every dose increment. Carvedilol promotes 
myocardial remodelling.

Bacterial endocarditis
Endocarditis should always be suspected in a child with 
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a cardiac defect when there is a fever without a focus. 
Infection develops on injured areas of endothelium or on 
abnormal or damaged heart valves. In some cases the 
onset may be sudden with obvious signs of sepsis and car-
diac fail-ure (secondary to valve damage). However, in most 
cases the onset is insidious and the diagnosis is unclear. 
There may be fever, malaise, fatigue, arthralgia, anorexia 
and weight loss. It may occur in a child previously thought 
to have a normal heart but with an undiagnosed congenital 
heart defect or undiagnosed episode of rheumatic fever.

Signs of endocarditis:
 O Pyrexia
 O Microscopic haematuria
 O Splenomegaly
 O Changing heart murmur
 O Petechiae
 O Neurological abnormalities (caused by cerebral abscess 

or infarction)
 O Splinter haemorrhages, Janeway lesions, Osler’s nodes 

and Roth’s spots (characteristic but rare).

The diagnosis is made by isolating bacteria from the blood. 
At least three sets of blood cultures must be obtained from 
different puncture sites. If possible, antibiotics should be 
witheld until multiple blood cultures have been obtained 
and should only be started when the diagnosis is clear or 
there is a pressing clinical urgency. Blood cultures will be 

negative in 10–15% of cases. Echocardiography helps to 
make the diagnosis if vegetations are seen, but a negative 
echocardiogram does not exclude the diagnosis.

Organisms most commonly isolated in endocarditis:
 O Streptococcus viridans (commonest overall)
 O Staphylococcus aureus (most cases of fulminant 

endocarditis)
 O Coagulase-negative staphylococci (if the patient has 

a central venous line or is immunocompromised e.g. 
with HIV).

If the organism is Streptococcus viridans, IV benzylpenicillin 
25 mg/kg 6 hourly and gentamicin 7.5 mg/kg once daily are 
given for two weeks, followed by a further two weeks of oral 
amoxycillin. If the organism is Staphylococcus aureus, IV 
fl ucloxacillin 25 mg/kg 6 hourly is given for 4 weeks, coupled 
with IV gentamicin 7.5 mg/kg once daily (or sodium fucidate) 
6–7 mg/kg 8 hourly for the fi rst two weeks. Vancomycin 
10 mg/kg 6 hourly is used in place of fl ucloxacillin if the 
organism is a coagulase negative Staphylococcus or the 
patient is allergic to penicillin. 

The effectiveness of treatment is monitored by symp-
toms and infl ammatory markers (WBC, ESR and CRP). 

Surgery is necessary when the organism cannot be 
eradicated, when there is evidence of embolisation, where 
there is a large mobile vegetation at risk of embolisation or 
when there is severe cardiac failure from valve damage. 

5.4.C The child with a cardiac arrhythmia

BOX 5.4.C.1 Minimum standards
 Q Electrocardiograph.
 Q Defi brillator.
 Q Adenosine.
 Q Beta- blockers.
 Q Flecainide.
 Q Amiodarone.
 Q Atropine.

Supraventricular tachycardia
Supraventricular tachycardia (SVT) is the commonest 
tachyarrhythmia in childhood.

It may present with poor systemic output and heart 
failure in infancy, or palpitations and dizziness in later child-
hood. SVT can be distinguished from sinus tachycardia 
because the rate is usually more rapid (200–300 beats/
minute) than can be explained by the child’s level of activ-
ity, fever, agitation or pain. The ECG in most cases shows 
narrow QRS complexes without a preceding P wave. The 
commonest cause of SVT in childhood is an accessory 
pathway, which is an abnormal bundle of muscle fi bres 
bridging from the atrium to the ventricle. In accessory 
pathway- mediated tachycardia, depolarisation passes 
down from the atrium to the ventricle through the atrio-
ventricular node, and then returns back up to the atrium 
using the accessory pathway. If the electrical wavefront then 
passes down the atrioventricular node again and once again 
returns up to the atrium via the accessory pathway, SVT has 
initiated. Some, but not all, accessory pathways are evident 

on the resting ECG because forward conduction across the 
accessory pathway in sinus rhythm causes a slurred stroke 
just before the QRS complex, known as a delta wave. The 
condition is often known as the Wolff–Parkinson–White 
(WPW) syndrome. The best method of treating this condi-
tion is by radiofrequency ablation of the abnormal pathway 
by means of a catheter passed into the atria, but this is a 
skilled technique that is only available in specialist centres.

Some patients have a different type of SVT, where the 
electrical wavefront loops back on itself to form a ‘short 
circuit’ entirely within the atrioventricular node. This is less 
often seen in early childhood, but becomes more com-
mon towards adolescence. A totally different mechanism 
of tachycardia occurs when there is an abnormally rapid 
atrial discharge (atrial fl utter or atrial ectopic tachycardia). 
This is relatively rare in childhood.

Management of SVT
 1 Record a 12- lead ECG in tachycardia,
 2 While attempts are made to terminate the tachycardia, 

record a rhythm strip (this can often be easily run off a 
standard defi brillator). 

 3 In the infant, try to terminate the SVT by facial immersion 
in ice- cold water.

 4 To terminate symptomatic or prolonged attacks of SVT 
in the older child, try vagal manoeuvres such as ice- cold 
packs on the face, the Valsalva manoeuvre or carotid 
sinus massage. 

 5 If tachycardia persists, obtain IV access (via a large 
antecubital vein if possible) and give a rapid bolus of 
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adenosine 100 micrograms/kg followed by a rapid 
crystalloid fl ush.

 6 If the SVT is not terminated, give larger doses of 
adenosine, doubling the dose until a maximum dose 
of 400 micrograms/kg is reached.

 7 If adenosine terminates the tachycardia transiently, and 
then SVT re- initiates, anti- arrhythmic drug treatment 
needs to be initiated straight away to prevent constant 
recurrence of the arrhythmia.

 8 If adenosine successfully terminates the tachycar-
dia, it is not compulsory to initiate anti- arrhythmic 
treatment. As SVT is not dangerous beyond infancy, 
anti- arrhythmic drugs are only given if the child wants to 
avoid further attacks (this decision is usually infl uenced 
by the frequency and duration of attacks). In infancy, 
SVT may cause serious haemodynamic compromise. 
In view of this, all infants who present with SVT should 
be started on anti- arrhythmic medication, which should 
be continued until the child’s fi rst birthday.

 9 If adenosine does not terminate the tachycardia at 
all, carry out synchronised DC cardioversion, after 
anaesthesia, intubation and ventilation with 0.5 joules/
kg, rising to 2 joules/kg in steps if the fi rst shocks are 
unsuccessful.

 10 In rarer cases, adenosine causes only transient block 
of the atrioventricular node, revealing rapid atrial activ-
ity in the form of P waves or sawtooth fl utter waves. 
When atrioventricular nodal conduction returns after 
a few seconds, the tachycardia is re- initiated. These 
tachycardias require either anti- arrhythmic drug treat-
ment to be initiated straight away or DC cardioversion. 

FIGURE 5.4.C.1 Supraventricular tachycardia (SVT).

FIGURE 5.4.C.2 Termination of supraventricular tachycardia (SVT).

FIGURE 5.4.C.3 Administration of adenosine during atrial 
tachycardia shows underlying rapid P waves.

Ventricular tachycardia

FIGURE 5.4.C.4 Ventricular tachycardia.

Ventricular tachycardia (VT) is normally diagnosed when 
there is a broad complex tachycardia. However, the latter is 
more often seen in childhood when there is SVT with bundle 
branch block. In view of this, adenosine should be given if a 
child presents with regular broad complex tachycardia. If the 
adenosine terminates the tachycardia, this proves that SVT 
was the correct diagnosis. If there is irregular broad complex 
tachycardia, do not give adenosine (this pattern indicates 
a dangerous arrhythmia). If the tachycardia persists even 
after high- dose adenosine, ventricular tachycardia is likely. 
Not all childhood ventricular tachycardia is dangerous. If the 
child is haemodynamically stable, attempts can be made to 
terminate the tachycardia with anti- arrhythmic drugs (see 
below). If there is haemodynamic compromise, immediate 
DC cardioversion is required. 

Direct current (DC) cardioversion
Sedate or anaesthetise the child unless they are in extremis. 
Use paediatric paddles if the child weighs less than 10 kg. 
Place one paddle over the apex of the heart in the mid- 
axillary line and the other immediately below the clavicle 
just to the right of the sternum. If there are only adult pad-
dles and the child weighs less than 10 kg, place one on 
the back and one over the lower chest anteriorly. The fi rst 
shock should be 0.5 joules/kg, and subsequent shocks 
should be increased stepwise to a maximum of 2 joules/kg.

Anti- arrhythmic drugs 
This is only a guide, and other types of drug within a class 
can be given.

First choice
Beta-blockers (oral doses given)

Infants: propranololol 1 mg/kg/dose three times a day.
Children (when cannot swallow tablets): atenolol 

1–2 mg/kg once a day.
Older children (when can swallow tablets): bisoprolol 

0.2–0.4 mg/kg once a day (tablets come as 2.5 mg, so use 
multiples of this amount).

Second choice
Flecainide (oral doses given)

Under 12 years of age: initially 2 mg/kg/dose twice a 
day. It is possible to increase to 3 mg/kg/dose if tachycar-
dias persist (maximum of 8 mg/kg/day).

Over 12 years of age: 50–100 mg twice a day (maxi-
mum of 300 mg a day).

It is preferable to measure the fl ecainide level after 
5 days just before the next dose is due to be adminis-
tered, to check that the plasma level has not exceeded 
800 micrograms/litre.

Avoid feeds for 30 minutes before or after giving oral 
fl ecainide, as the absorption of the drug is signifi cantly 
affected by milk and dairy products.

Third choice
Beta-blocker and fl ecainide together
If the tachycardia does not respond to the above drugs in 
the acute setting, or the child’s haemodynamic status is 
borderline, IV amiodarone is the safest option.

IV amiodarone
Give a loading dose of 5 mg/kg over 2 hours (dilute with 
5% dextrose only). Then continue infusion at a rate of 
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5–20 micrograms/kg/minute (maximum of 1.2 grams in 
24 hours).

Consider stopping the infusion 4–8 hours after the SVT 
has resolved.

If tachycardia recurs after stopping amiodarone, give a 
further loading dose and recommence infusion, continuing 
for at least 1 day after tachycardia resolution.

As amiodarone has a large number of side effects, 
consider switching to either a beta- blocker or fl ecainide 
once the tachycardia has been controlled and the child is 
haemodynamically stable.

Make up the amiodarone infusion as follows:
15 mg/kg in 50 mL of 5% dextrose (1 mL/hour = 5 micro-
grams/kg/hour: such a slow infusion will need an electrically 
driven syringe pump).

Amiodarone is incompatible with sodium chloride. 
Therefore do not make up with and do not fl ush lines with 
this solution.

Amiodarone can be given through a peripheral line, 
but serious tissue damage may be caused by the drug 
if extravasation occurs, so central access is preferred. If 
peripheral access is used, dilute the infusion to a con-
centration between 600 micrograms/mL and 2 mg/mL. 
This dilution will be more appropriate in situations where 

electrically driven syringe pumps are not available, but the 
infusion needs close monitoring. 

Congenital complete heart block
 O Consider this in any newborn who has a consistent 

bradycardia without apparent cause, such as terminal 
respiratory failure or very severe shock.

 O P waves are dissociated from QRS complexes on the 
12- lead ECG.

 O Perform an echocardiogram to exclude structural heart 
disease.

 O Check for anti- Ro and anti- La antibodies in the child’s 
mother (the underlying cause in the majority of cases).

 O Monitor the heart rate for 24–48 hours.
 O Assess perfusion and blood pressure, and examine for 

signs of heart failure.
 O Arrange for a permanent pacemaker if there is inad-

equate cardiac output, heart failure, structural heart 
disease or the heart rate is < 50 beats/minute.

 O Atropine 20 micrograms/kg or isoprenaline infusion 
0.02–0.2 micrograms/kg/minute can be used for emer-
gency treatment of severe bradycardia with inadequate 
cardiac output.

5.5 Shock

5.5.A Shock 

Introduction
‘Shock’ occurs when the circulatory system fails to deliver 
adequate amounts of primarily oxygen, but also nutrients, 
to the tissues, and fails to remove unwanted metabolites 
from the tissues for excretion.

Pathology at cell level
At a cellular level, the end result of shock is anaerobic 
metabolism (oxygen- depleted metabolism). This is an inef-
fi cient mechanism and requires much more energy than 
aerobic metabolism (the normal oxygen- dependent sys-
tem). In addition, anaerobic metabolism builds up excess 
toxic acid products in the cells which cannot be removed by 
the failed circulation. Cellular function deteriorates and there 
is a downward spiral of increasing loss of homeostasis, the 
onset of disseminated intravascular coagulation, and after 
a short while so much cell death occurs in vital organs that 
recovery is impossible and the patient dies.

In the early stages of shock the body has mechanisms 
to try to combat this process. The circulatory system is 
under the control of the sympathetic nervous system. This 
system regulates the fl ow of blood in health and in disease 
to all organs so as to respond to demands on different 

organs. In health, more blood is sent to muscles if a person 
is exercising, more to the digestive system if they are eating, 
and more to the skin if their body is too warm. 

In shock, the sympathetic nervous system attempts 
to protect the vital organs by diverting blood away from 
muscle, skin and the digestive system and directing it to 
the heart, brain and kidneys. This gives rise to some of the 
earlier signs of shock, such as cold peripheries, increased 
capillary refi ll time, cerebral anxiety or agitation, tachycardia 
to increase cardiac output, and reduced urine output as 
the kidneys conserve fl uid.

Later signs such as depressed consciousness, weak 
pulses, falling blood pressure and acidotic breathing show 
that the body’s compensation mechanisms are failing. It 
can be seen that it is vital to recognise and treat shock in 
the patient as soon as possible, as this will give the best 
chance of patient recovery.

Clinical diagnosis of shock
The signs of shock are listed below, although not all of them 
are present in all types of shock.

 O Tachycardia (best measured with a stethoscope).
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 O Weak pulse (ideally central – brachial, femoral or carotid, 
but diffi cult to gauge).

 O Low blood pressure (this is a late sign and very diffi cult 
to measure in young children).

 O Extreme central pallor (severe anaemia).
 O Raised respiratory rate (due to acidosis).
 O Cold skin with poor circulation.
 O Prolonged capillary refi ll time (CRT) > 3 seconds.
 O Increased skin sweating in some cases. 
 O Agitation and anxiety (this is an early sign).
 O Reduced conscious level.
 O Reduced urine output (this is an early sign).

The WHO diagnosis of shock includes all of the above 
signs that are highlighted in bold type.

The problem is that shock is quite diffi cult to diagnose 
in the early stages, as some signs also occur as a result 
of medical causes other than shock. The diagnosis in the 
early stages depends on the following: 

 O tachycardia, which is a very useful sign of shock, but 
also occurs with fever and with anxiety or fear

 O anxiety and/or agitation
 O prolonged capillary refi ll time, which also occurs in dehy-

dration and is infl uenced by environmental temperatures 
and by how hard the nail bed or sternum is pressed

 O cold skin, which is also dependent on environmental 
temperature

 O reduced urine output, which is also dependent on fl uid 
intake.

It is vital that if any of these early signs are noted in a patient 
that they are not dismissed as some unrelated cause, but are 
seriously considered as likely to be indicating the develop-
ment of shock.

This is why it is so useful to have regular vital signs 
(pulse, respiration, conscious level, temperature and blood 
pressure) observations on patients, so that abnormal trends 
can be detected early.

It is also important to note that shock is not diagnosed 
on the basis of one physical sign alone, but on the basis of 
several signs occurring together. For example, a tachycardia 
alone does not diagnose shock, but if you note a tachycardia, 
you should look for cold limbs, prolonged capillary refi ll time, 
or a history suggestive of a cause of shock, such as a fever, 
severe diarrhoea or bleeding.

Pathological mechanisms that can 
cause shock
The circulatory system is complex, so there are many 
causes of shock. The organs, systems and pathologies that 
can be the primary cause of the shock include the heart 
itself, the blood vessels, restriction to the fl ow of blood, 
failure of the oxygen- carrying capacity of the blood, and 
loss of blood or fl uid from the body. The main mechanisms 
of shock can be summarised as follows:

 O loss of fl uid or blood: hypovolaemic shock (e.g. diar-
rhoea, blood loss)

 O failure of the heart pump: cardiogenic shock (e.g. dys-
rhythmias, cardiomyopathy, myocarditis, malnutrition)

 O abnormal function of vessels supplying nutrients and 
oxygen to tissues: distributive shock (e.g. sepsis, 
anaphylaxis)

 O inadequate capacity of the blood to release oxygen: 

dissociative shock (e.g. severe anaemia, carbon mon-
oxide poisoning)

 O restriction of circulation to the tissues: obstructive 
shock (e.g. some congenital heart diseases, ten-
sion pneumothorax, cardiac tamponade, pulmonary 
embolus).

In an individual with shock, often several of these mecha-
nisms may coexist. Therefore the clinician must consider 
which emergency treatments will be effective and which 
will be harmful for any particular patient. One of the most 
diffi cult situations is in the anaemic malnourished child with 
sepsis, where fl uid is required to expand the circulating 
volume, but the heart is already failing and cannot cope 
with a rapid fl uid infusion (see Section 5.10.B).

Basic management of shock
Shock is managed according to the following principles: 

 O High concentrations of oxygen are safe and must be 
given regardless of the cause of shock.

 O Airway and breathing stability or support must be estab-
lished promptly fi rst (the only exception is to control 
exsanguinating external bleeding in trauma or major 
obstetric haemorrhage concurrently with airway and 
breathing; see Sections 7.3.A, 2.5.D.i and 2.5.D.iv).

 O Frequent reassessment, at least after every therapeutic 
manoeuvre, is vital to avoid both under- infusing and 
over- infusing fl uids.

 O The underlying pathology must be treated to arrest the 
pathological process.

The clinical diagnosis of the cause of shock is not easy 
or defi nitive. Shock is a spectrum of conditions and 
mechanisms, and it is a clinical challenge. 

Immediate resuscitation is needed to maintain 
oxygenation and perfusion of vital organs. Once this 
is under way, the cause of shock needs to be found 
and treated.

Diagnosis depends on history, clinical examination, and 
response to treatment given. It is often possible to iden-
tify the cause of shock with a good history and a careful 
examination. 

Investigations 
 O Haemoglobin measurement is essential.
 O Blood glucose measurement is essential, as some signs 

of shock are the same as signs of hypoglycaemia.
 O Plasma electrolyte measurements are helpful, especially 

sodium and bicarbonate.
 O Lactate measurement is helpful (if available).
 O Central venous pressure (CVP) measurement is useful, 

if skilled staff are available to undertake the procedure 
and measurement (not an emergency procedure, but 
helpful if in high- dependency care).

Choice of intravenous fl uid
Fluid infused into the circulation should approximate 
to plasma in its electrolyte content, osmolality and pH.

Dextrose- only fl uids
It is clear that although glucose or dextrose is necessary to 
prevent or manage hypoglycaemia, fl uids containing only 
dextrose should never be used for IV fl uid replacement 
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or maintenance, or for the emergency management 
of shock. 

The reason for this is that the dextrose is rapidly metabo-
lised, so the effect of a dextrose- only IV fl uid on the child’s 
body is as if pure water had been given. The outcome of 
this treatment would be severe hyponatraemia, which could 
quickly lead to brain damage or death.

In addition, this pure water is rapidly moved out of the 
circulation and into the cells, and the state of shock is then 
worse than before the infusion.

Sodium- containing fl uids
The fl uid traditionally infused into the circulation for the man-
agement of shock has been ‘normal saline’ (0.9% sodium 
chloride, NaCl). This fl uid has increasingly been shown to 
be potentially dangerous, especially in the sick patient. An 
infusion of normal saline causes a hyperchloraemic acidosis 
(a high chloride concentration leading to an acidosis), which 
in the shocked patient, who is already acidotic, causes 
a deterioration in the health of cells in vital organs, even 
though perfusion of the cells has been improved by the 
increased circulating volume.

There are sodium- containing alternatives to normal 

saline which are safer as they approximate more closely to 
human serum in content (see Table 5.5.A.2), although they 
are a little more expensive. We recommend the use of either 
of these alternatives (Ringer- lactate and Hartmann’s 
solution are widely available) for all fl uid replacement. 
Recognising that not all hospitals will have access to 
these solutions immediately, there may sometimes be no 
alternative but to start fl uid replacement with normal saline. 
However, if more than 20 mL/kg needs to be given, one 
of the safer alternatives should be used in these very sick 
children if at all possible.

Note that hospitals and clinics will need to have 
access to some 0.9% NaCl (normal saline), usually in 
5 mL or 10 mL ampoules. This will be used for dissolving or 
diluting drugs for IV injection. If a specifi c fl uid is indicated 
as the diluent for a particular drug (e.g.0.9% NaCl, 5% 
dextrose, water for injection), this fl uid must be used. If 
drugs are infused using the wrong fl uid, their effect on the 
patient may be altered.

Clinicians should try to ensure that their hospital facil-
ity does have access to these safer infusion fl uids, such as 
Ringer- lactate or Hartmann’s solution.

TABLE 5.5.A.2 Comparison of electrolytes, osmolality and pH levels in IV fl uids with those in human serum

Fluid Na+ 

(mmol/litre)
K+ 

(mmol/litre)
Cl– 

(mmol/litre)
Ca2+

 (mmol/litre)
Lactate or 
bicarbonate 
(mmol/litre)

Osmolarity 
(mOsm/litre)

pH

Human serum/plasma 135–145 3.5–5.5 98–108 2.2–2.6 22–30 276 to 295 7.35–7.45

Ringer- lactate or 
Hartmann’s solution

131 5.0 111 2.0 29 279 6.0

0.9% ‘normal’ saline 154 0 154 0 0 310 5.4

Initial management of shock
Even though it may be clear on initial inspection that the 
child is in shock, the fi rst priority must still be to call for help, 

manage the airway, manage breathing and then manage 
the circulation. 

Call for help.

TABLE 5.5.A.1 Diagnostic pointers to the clinical causes of shock (each is discussed in the sections indicated)

Diarrhoea and/or vomiting with signs of severe 
dehydration

Gastroenteritis (see Section 5.5.B and Section 5.12.A), volvulus, 
intussusception (see Section 5.19)

Fever, non- blanching (purpuric) rash Meningococcal septicaemia (see Section 5.5.C and Section 6.1.G), dengue 
haemorrhagic fever (see Section 6.2.B)

Urticaria, wheeze, oedema, exposure to allergen Anaphylaxis (see Section 5.1.B)

Trauma Blood loss, tension pneumothorax, internal bleeding, spinal cord transection 
(see Section 7.3.A)

Major obstetric haemorrhage in children who are 
pregnant

Blood loss: ruptured ectopic pregnancy, antepartum haemorrhage, 
postpartum haemorrhage (see Section 2)

Burns Fluid loss from burns (see Section 7.3.I.b)

Pallor, tachycardia, severe malaria, severe acute 
malnutrition

Severe anaemia, often with malnutrition (see Section 5.10.B) and malaria 
(see Section 6.3.A.d)

Fever, signs of shock and a very sick child Septicaemia (see Section 5.5.C) and malaria (see Section 6.3.A.d)

Baby < 4 weeks old: cyanosis, with no response to 
oxygen, very weak pulses

Congenital heart disease (see Section 5.4.A)

Very fast pulse, heart failure Arrhythmia (see Section 5.4.C) and cardiomyopathy (see Section 5.4.B)

Dehydration, polyuria, polydipsia, high glucose levels Diabetic ketoacidosis (see Section 5.8.A)

History of sickle- cell disease or diarrhoeal illness and 
low haemoglobin levels

Haemolysis with severe anaemia (see Section 5.11.C)
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Airway
At this stage also stop any obvious exsanguinating bleeding.

Assess the airway by the simple technique of asking 
the child ‘Are you all right?’

Any vocalisation such as a reply or crying indicates 
an open airway and some ventilation. In the absence of a 
response, formally open the airway with a head tilt/chin lift 
or a jaw thrust manoeuvre (see Section 1.12), and assess 
breathing by looking, listening and feeling for its presence.

Stop any obvious exsanguinating bleeding by applying 
external pressure (or in the case of postpartum haemor-
rhage, see Section 2.5.D.iv).

Breathing
All children with suspected shock must receive high- fl ow 
oxygen.

In the absence of spontaneous breathing, give assisted 
ventilation with a bag-mask (see Section 1.13).

Circulation
Intravenous access with a short wide- bore venous cannula, 
or placement of an intra- osseous line (see Section 8.4.B), is 
vital. More than one line is preferable, as rapid fl uid resus-
citation may be needed, although always start treatment 
as soon as the fi rst access has been achieved and insert 
the second line when possible. Take blood samples for the 

Airway

Breathing

100% oxygen1–face 
mask and reservoir

Circulation

IV or IO access

IV bolus 20 mL/kg 
Ringer-lactate or 

Hartmann’s

Give 10 mL/kg Ringer-lactate or 
Hartmann’s with 5% dextrose over 

30–60 minutes while awaiting 
blood.

Then give 10 mL/kg bolus of blood 
over 15 minutes, then reassess 
and repeat 10 mL/kg every hour 
until total of 40 mL/kg has been 

given3, observing closely for 
circulatory overload 

Assess response to 
fluid; if no better 

repeat IV bolus of 20 
mL/kg  Ringer-lactate 
or Hartmann’s up to 
maximum of 40 mL/

kg 3  

Head tilt – chin lift
Jaw thrust
Oropharyngeal airway
Intubation

Assist ventilation

Not open 
or at risk

Open

Yes

Inadequate

2 IV antibiotics for septicaemia – ceftriaxone or [ampicillin + gentamicin].  
Add metronidazole if anaerobes may be present, especially if there is an 

intra-abdominal cause.
Correct any biochemical abnormality if possible (including bicarbonate if 

there is severe acidosis, especially when there is severe anaemia)
Re-evaluate after each step to check that the treatment is working, and for 

development of pulmonary oedema

1 Oxygen is vital in all cases, 
especially severe anaemia and 

severe malnutrition

 Shock due to severe 
dehydration or sepsis 
if no severe anaemia 
or severe malnutrition 

Shock due to  
bleeding

Severe malnutrition and/or 
severe anaemia on clinical 

examination and/or haemoglobin 
< 5 g/dL

5 mL/kg 10% glucose IV or IO

If hypoglycaemic on 
blood test or suspected 

Stop bleeding
IV/IO bolus 10 mL/kg 

Ringer-lactate or 
Hartmann’s and urgently 4 
start successive 10 mL/kg 

boluses of whole fresh 
blood until shock resolves 3

3 When total of 40 mL/kg IV or IO 
given, request anaesthetist ideally 

present before more fluids or 
blood are given

Consider inotrope (dopamine 
infusion or adrenaline boluses) 
and IPPV + PEEP to support 

further IV fluid boluses if available

IV antibiotics 2

IV antibiotics 2

4 Hypotensive 
resuscitation if 
bleeding from a 

penetrating injury

Baseline assessment
Repeat observations regularly to 

assess response

Take blood for:
haemoglobin, glucose, cross-

match, blood culture 

FIGURE 5.5.A.1 Pathway of care for the child with shock that is not cardiac in origin.
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following investigations: full blood count, glucose levels, 
electrolytes, blood culture (and, if relevant, cross- matching 
and malarial parasite test).

Nutritional status 
While starting to give fl uid, assess the child’s nutritional 
status (see Section 5.10.B). Look for visible severe wast-
ing or marasmus. The WHO recommended criteria are as 
follows: ‘Look at the arms, legs and chest. The marasmic 
child does not look just thin, but appears to be all skin and 
bone. The skin looks too large for the body, there is no fat 
on the child and you will see the outlines of the ribs. There is 
also severe muscle wasting of the arms, legs and buttocks. 
The head may appear relatively large because of wasting of 
the body.’ Use the mid upper arm circumference (MUAC) 
(see Section 9) to assess marasmus, as the urgency of the 
child’s need for treatment precludes a weight and height 
measurement.

Look also for kwashiorkor. Check for oedema of both 
feet. Look at the bare feet. Press the top of the foot gently 
with your thumb for a few seconds. Oedema is present if a 
defi nite dent is left in the tissues. Look and feel to determine 
whether the child has oedema of both feet.

Some assessment of weight will be necessary to 
calculate the amounts of fl uid and antibiotics to be 
given. If the child is not malnourished, use the follow-
ing formula:

weight in kg = 2 (age in years + 4).

If the child is malnourished, this formula can still be 
used, but perhaps a percentage such as 25–50% sub-
tracted from the result.

Severe anaemia
In very anaemic children (with either obviously pale palms or 
haemoglobin levels of less than 3–4 grams/dL), crystalloid 
alone will worsen oxygen delivery to the tissues. These chil-
dren need blood, either packed cells or a partial exchange 
transfusion, in addition to initial slow fl uid resuscitation (see 
Section 5.10.B, Section 5.11.A and Section 8.4.B).

The next step is to give fl uid intravenously. In most 
cases this should be a crystalloid such as Hartmann’s or 
Ringer- lactate solution, but give normal saline (0.9%) if 
this is all that is available. In children, the volume of fl uid to 
be given is usually 20 mL/kg, which is 25% of the child’s 
circulating volume (10 mL/kg in severe anaemia or severe 
malnutrition while awaiting blood for transfusion). Shock is 
not usually clinically evident until 25% of the circulation has 
been lost, so any child with signs of shock must have lost 
at least this amount of fl uid from the circulation.

The concept of targeted crystalloid fl uid resuscita-
tion is important if the cause of hypovolaemic shock in a 
child is haemorrhage from a penetrating injury. Here the 
initial boluses of IV crystalloids required to treat shock 
should only be given to keep the vital organs (especially the 
brain, heart and kidneys) perfused before life-saving surgery 
and blood transfusion can be undertaken. Fresh blood is 
particularly useful to combat the coagulopathy that occurs 
in major blood loss if specifi c coagulation components such 
as platelets are unavailable.

Giving too large a volume of IV fl uids can increase the 
blood pressure and thus increase bleeding by disrupting 
early clot formation. IV crystalloid also dilutes the red cells 
in the circulation, but whether or not this could reduce 
oxygen- carrying capacity requires further research. 

We suggest that when giving boluses of crystalloid or 
blood to patients in shock due to bleeding, only the amount 
needed to keep the blood pressure at a level suffi cient to 
perfuse the vital organs should be given. There is no clear 
evidence to indicate the precise blood pressure that should 
be achieved in a child in shock due to haemorrhage from 
penetrating injury. Adequate perfusion of vital organs 
may best be indicated by the following: in the child over 
2–3 years of age, a radial pulse that can be palpated 
and a conscious level of A or V on the AVPU scale (i.e. 
the child is either awake or will respond by opening 
their eyes when spoken to). In children under 2–3 years 
of age the radial pulse may be diffi cult to feel, and in 
children with shock due to haemorrhage the presence 
of a palpable brachial pulse may be the best available 
indicator at present. 

In this situation, therefore, and to maintain a palpable 
radial or brachial pulse, start with IV boluses of 10 mL/kg of 
crystalloid, or ideally blood, and reassess after each bolus.

The next very important step is to reassess the 
patient’s vital signs to see whether the fl uid has helped, 
and to ensure that circulatory overload has not given 
rise to a situation where more IV fl uids may produce 
very dangerous heart failure (see below for clinical 
signs of this). 

During this reassessment, give IV antibiotics, as 
shock without obvious fl uid loss is probably sepsis (see 
Section 5.5.C).

At this point, some children will need more crystalloid 
fl uid, while others will not, or they will need other fl uids (e.g. 
plasma expanders such as albumin or blood). Many will 
need additional treatments. The next two sections (Sections 
5.5.B and 5.5.C) deal with two of the commonest causes of 
shock in children, and the reader is referred to the sections 
indicated in Table 5.5.A.1 for details of the various other 
causes of shock.



463

Section 5.5

5.5.B The child with shock from dehydration

BOX 5.5.B.1 Minimum standards
 Q Oral rehydration solution (ORS), including ReSoMal.
 Q Crystalloid infusion fl uids (preferably Hartmann’s solu-

tion or Ringer- lactate solution, but normal saline may 
be used if it is the only available alternative).

 Q Blood transfusion.
 Q Antibiotics.
 Q Furosemide.
 Q MUAC tapes.

Dehydration 
 O Dehydration is loss of water, sodium and other essential 

electrolytes.
 O The most common cause in resource- limited countries 

is gastroenteritis (from a number of different organisms; 
see Section 5.12.A).

 O Most cases can be treated with low- osmolarity oral 
rehydration solution (ORS) administered by mouth or 
nasogastric tube.

 O In children with severe malnutrition, use a solution with 
lower sodium content, such as ReSoMal. 

 O It is important to also consider diabetic ketoacidosis 
(see Section 5.8.A) and surgical causes of dehydration, 
such as intussusception and volvulus (see Section 5.19).

Dehydration classifi cation
Dehydration is classifi ed by estimating the percentage 
of body water lost according to clinical criteria (except 
in malnutrition, where clinical signs are more diffi cult to 
interpret; see below).

‘No dehydration’
If there is less than 3% weight loss there are no clinical 
signs.

‘Some dehydration’
If there is 3–9% weight loss, the following signs are seen:

 O increased thirst 
 O drinks eagerly
 O dry mucous membranes 
 O loss of skin turgor, tenting when pinched
 O sunken eyes
 O sunken fontanelle in infants
 O restless or irritable behaviour
 O decreased capillary refi ll time (> 3 seconds)
 O decreased urine output.

‘Severe dehydration’
If there is * 10% weight loss, the following signs are seen:

 O more pronounced signs than those seen in moderate 
dehydration

 O lack of urine output
 O lack of tears when crying
 O inability to drink or drinking poorly (because of reduced 

conscious level)
 O lethargy

plus
 O hypovolaemic shock, including:

 — rapid and weak low- volume pulse (radial pulse may 
be undetectable) (use a stethoscope for measuring 
heart rate)

 — altered consciousness or coma
 — low or undetectable blood pressure
 — cool and poorly perfused extremities
 — severe nail bed or sternum decreased capillary refi ll 
time 

 — peripheral cyanosis
 — rapid deep breathing (from acidosis).

It is important to realise that the above classifi cation is made 
only to guide the start of treatment. Levels of dehydration 
are a continuous spectrum, not three separate and 
distinct categories. The only way to be absolutely certain 
about the percentage dehydration of a child is to compare 
an accurate weight measured just before the onset of the 
diarrhoeal illness with an accurate current weight. It is 
very unlikely in most cases that the former weight will be 
available. In the case of the shocked patient, immediate 
treatment takes precedence over weighing the child (esti-
mate the child’s weight from the formula:

weight (kg) = 2 (age in years +4)

for previously well children before puberty, or read it from 
a weight/age chart (see Section 9)).

However, if the clinical situation is not so critical, the 
weight of the child on presentation is very helpful for 
subsequent management, and should be measured and 
recorded as a daily routine.

Emergency treatment of severe 
dehydration: principles of treatment

 O Recognise and treat shock.
 — Give a fl uid bolus, 20 mL/kg IV of Hartmann’s or 
Ringer- lactate solution (0.9% saline, or ‘normal’ 
saline, can be used if there is no alternative; see 
Section 5.5.A).

 — A second bolus may be needed if the child does not 
respond (see the ‘shock’ pathway in Figure 5.5.A.1).

 — It is unusual to need more than two boluses in 
cases of dehydration due to gastroenteritis alone, 
unless they are due to cholera (see Section 5.12.A). 
Consider other causes, such as septicaemia, diabetic 
ketoacidosis (check blood sugar levels), volvulus 
or intussusception (check whether vomit is bile- 
stained, and whether there is fresh blood in stools; 
see Section 5.19).

 — If septicaemia is suspected, treat with IV antibiotics.
 O Think of the most likely cause of the dehydration.
 O Estimate the level of dehydration (see above) to calculate 

the fl uid defi cit, maintenance needs and ongoing losses 
(see below). 

Shock recognition and treatment
Children with shock associated with dehydration will 
have a high and increasing heart rate, weak pulse, poor 
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skin circulation time with prolonged capillary refi ll time 
(> 3 seconds), depressed conscious level, and low or 
even unmeasurable blood pressure.

These children require immediate resuscitation (ABC) 
and emergency treatment. 

Call for help (summon an anaesthetist if possible). 

Airway (in cases of reduced conscious level)
Use an opening manoeuvre if the airway is not open or 
if it is partially obstructed. Keep the airway open. If there 
is immediate improvement but the airway closes without 
active opening support, consider airway adjuncts to sup-
port the airway. 

Suction if necessary under direct vision, but not routinely.
If the child is deeply unconscious (P or less on the AVPU 

scale), the airway may need to be secured by intubation 
using experienced senior help (if available).

Breathing
Give 100% oxygen (using a mask with reservoir and a 
fl ow rate of at least 6 litres/minute) regardless of SpO2 
(this increases oxygen delivery as well as improving tissue 
oxygenation). For inadequate ventilation or depressed 
conscious level (check with the AVPU scale) with hypoven-
tilation, respiration should be supported with oxygen via a 
bag and mask, and experienced senior help should be 
summoned (if available). 

Circulation
 O Obtain vascular access to give IV boluses quickly. Insert 

an IV cannula and send blood for a full blood count, 
urea and electrolytes, cross- matching (if the patient is 
anaemic) and clotting. If peripheral veins are diffi cult to 
access, the external jugular vein or long saphen-
ous vein cut- down are good alternatives, as is an 
intra- osseous infusion (see Section 8.4.B). If a skilled 
operator is available, an internal jugular or femoral vein 
central line is ideal, as it can also allow central venous 
pressure (CVP) measurements (if available).

Some assessment of weight will be necessary to calculate 
the amounts of fl uid and antibiotics to be given. If the child 
is not malnourished, use the formula:

weight (kg) = 2 (age in years +4).

If the child is malnourished, this formula can still be used 
but perhaps a percentage such as 25–50% subtracted 
from the result.

Children with normal nutrition
 O If the child is not malnourished, give an initial rapid 

bolus of 10–20 mL/kg of Ringer- lactate or Hartmann’s 
solution, but give normal saline (0.9%) if this is all that 
is available. It is essential that the bolus is given as 
rapidly as possible. Do not use 5% glucose or 0.18% 
saline/4% glucose solutions for resuscitation, which 
can be dangerous (risk of hyponatraemia and cer-
ebral oedema). Boluses should be manually pushed in 
using a 20-  to 50- mL syringe (with a three- way tap and 
linked to an IV giving set). 

 O When this bolus of fl uid has been given, review the 
child’s condition, looking to see whether there has 
been any improvement in pulse rate, conscious level, 

respiratory rate, capillary return and limb warmth, and 
blood pressure.

 O A further 10–20 mL/kg bolus will be required if signs 
of shock remain. Once a total of 40 mL/kg of boluses 
has been given IV, complications such as pulmonary 
oedema are more likely to occur. In a child with shock 
from severe dehydration caused by diarrhoea, it would 
be unusual to need more than 40 mL/kg to improve 
the child’s circulation, unless cholera was the cause. 
In severe cases, where more than a total of 40 mL/
kg is considered essential, intubation, ventilation, CVP 
monitoring and inotrope support might be indicated (if 
available), but the diagnosis should be reviewed as 
this need is unusual in straightforward gastroen-
teritis. Reconsider the diagnosis. For example:

 — surgical abdominal pathology, such as intus-
susception, peritonitis or volvulus (bile- stained 
vomiting, abdominal distension or tenderness) (see 
Section 5.19)

 — additional pathology, severe anaemia, septicaemia 
or a cardiac problem.

Children with severe malnutrition or severe 
anaemia

 O If the child is malnourished and/or has severe anae-
mia, fl uid must be given much more carefully. Give 
15 mL/kg IV over 1 hour. The recommended solution 
is Ringer- lactate or Hartmann’s solution, each with 5% 
glucose (insert 50 mL of 50% dextrose into a 500- mL 
bag of the bolus fl uid, ideally after fi rst removing 50 mL 
from the bag: not essential), but give normal saline 
(0.9%) if this is all that is available, also with 5% dextrose. 
At the same time, insert a nasogastric tube and give 
ReSoMal, 10 mL/kg/hour. Monitor carefully for signs of 
over- hydration: reassess the respiratory and heart rates 
every 15 minutes. It is also wise to give IV antibiotics 
in this situation, as it can be very diffi cult to distinguish 
septic shock from dehydration shock in children with 
malnutrition. 

Nutritional status 
 O While starting to give fl uid, assess the child’s nutri-

tional status (see Section 5.10.B). Look for visible 
severe wasting or marasmus. Follow the WHO criteria: 
‘Look at the arms, legs and chest. The marasmic child 
does not look just thin, but appears to be all skin and 
bone. The skin looks too large for the body, there is no 
fat on the child and you will see the outlines of the ribs. 
There is also severe muscle wasting of the arms, legs 
and buttocks. The head may appear relatively large 
because of wasting of the body.’

 O Use the mid upper arm circumference (MUAC) (see 
Sections 5.10.B and 9) to assess marasmus, as the 
urgency of the child’s need for treatment precludes a 
weight and height measurement.

 O Look also for kwashiorkor. Check for oedema of both 
feet. Look at the bare feet. Press the top of the foot gently 
with your thumb for a few seconds. Oedema is present 
if a defi nite dent is left in the tissues. Look and feel to 
determine whether the child has oedema of both feet.

Severe anaemia
In very anaemic children (with either obviously pale palms 
or haemoglobin levels less than 3–4 grams/dL), crystalloid 
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alone may worsen oxygen delivery to the tissues. These chil-
dren need blood, either packed cells or a partial exchange 
transfusion, in addition to initial slow fl uid resuscitation (see 
Section 5.10.B and Section 8.4.B).

 O If after 1 hour the child is improving but still severely 
dehydrated, stop the IV fl uids, but continue nasogas-
tric ReSoMal 10 mL/kg/hour for up to 5 hours (see 
Section 5.10.B for further details).

 O A child with a haemoglobin level of less than 5 grams/
dL will also need a transfusion of 10 mL/kg of packed 
cells over 4 hours, watching continuously for evidence 
of pulmonary oedema. If pulmonary oedema develops, 
furosemide 1 mg/kg IV may be required, but if possible 
pulmonary oedema of severity requiring diuretics should 
be avoided by a slow and vigilant approach to therapy 
in these very sick children.

 O Keep the patient warm, but do not overheat them, as 
this will cause peripheral vasodilatation and reduce the 
blood supply to vital centres. Hypothermia will exacer-
bate poor peripheral perfusion, acidosis and coagulation 
abnormalities.

 O Elevate the patient’s legs (raise the foot of the bed).
 O A central venous pressure (CVP) line is potentially helpful 

for avoiding under- transfusion or fl uid overload. Insertion 
should not delay initial resuscitation, but if peripheral 
access is inadequate this route may be used for volume 
replacement. If disseminated intravascular coagulation 
(DIC, a clotting disorder) has become established, CVP 
insertion is hazardous, must be undertaken by an expert, 
especially via the subclavian vein.

 O If the child has a reduced level of consciousness or 
has a convulsion, particularly if they are an infant or a 
young child, hypoglycaemia may be present. Always 
measure the blood glucose concentration in this situ-
ation. However, if blood glucose measurement is not 
possible, always treat as for presumed hypoglycaemia 
and, in addition to the IV fl uids given above, give 5 mL/
kg of 10% glucose IV or, if there is no IV access, by 
intra- osseous needle.

While treating shock, reassess the child, ideally continu-
ously, until signs of shock have resolved.

When signs of shock have resolved
When shock has resolved and the patient’s level of conscious-
ness has returned to normal, the remaining estimated fl uid 
defi cit MUST be taken by mouth or by gastric tube, especially 
if there is malnutrition and/or anaemia (due to the danger 
of a large IV fl uid volume). Use WHO Plan B (see Appendix 
to Section 5.12.A). 

 O Check the serum sodium concentration, and if it is higher 
than 155 mmol/litre, reduce it slowly with oral rehydra-
tion solution over 48 hours. Too rapid a reduction in 
sodium levels leads to cerebral oedema.

 O Further tests might include abdominal X- ray or ultra-
sound scanning, if there is concern about a distended 
abdomen.

 O A surgical opinion is needed if there is bile- stained vomit-
ing or abdominal signs.

Fluid requirements
WHO Plans A, B and C for gastroenteritis in children (see 
Appendix to Section 5.12.A) include estimates of total fl uid 

requirements, and assume that most children will be drink-
ing by 4 hours into treatment and thus able to ‘self- regulate’. 
For patients for whom this is not the case, the following 
guidelines can be used.

Estimating fl uid requirements
The amount of fl uid needed in a 24- hour period must be 
calculated. It is the sum of: 

estimated fl uid defi cit + maintenance requirements 
+ ongoing losses.

Defi cit
If an accurate recent pre- illness weight is available, subtract 
the current weight to estimate lost fl uid (1 kg = 1 litre of fl uid).

For example, a child who weighed 9.2 kg is seen with 
diarrhoea and a weight of 8.3 kg. The estimated fl uid loss 
in this case is (9.2 – 8.3) kg = 0.9 kg = 900 mL defi cit, i.e. 
10% dehydrated.

If no recent reliable weight is available:
1 Estimate the degree of dehydration.
2 Weigh the child or estimate their weight from their age 

as follows:

weight (kg) = 2 [age (years) + 4].

3 Use the formula: percentage dehydration × weight (kg) 
× 10 = defi cit (in mL).

For example, a child whose weight is estimated to be 10 kg 
is 10% dehydrated. The estimated fl uid loss in this case is 
10 × 10 × 10 = 1000 mL (i.e. 40 mL/hour if replaced over 
24 hours).

Maintenance
The estimated maintenance fl uid requirements based on 
body weight for a child are shown in Table 5.5.B.1.

TABLE 5.5.B.1 Fluid requirements per day

Body weight Volume of fl uid 
needed per day 

Volume of fl uid 
needed per hour

First 10 kg of body 
weight

100 mL/kg 4 mL/kg

Second 10 kg 50 mL/kg 2 mL/kg

Subsequent kg 20 mL/kg 1 mL/kg

Ongoing losses
Estimated ongoing fl uid losses are shown in Table 5.5.B.2.

TABLE 5.5.B.2 Estimates of ongoing fl uid losses in gastroenteritis

For each 
diarrhoea stool 

Age < 2 years: give 50–100 mL

Age * 2 years: give 100–200 mL

For each vomit 2 mL/kg oral rehydration solution: give small 
frequent volumes (e.g. 5 mL every minute for 
a child) via a spoon, syringe or cup

For nasogastric 
tube aspirates

Replace volume for volume with either oral 
rehydration solution or Hartmann’s or Ringer- 
lactate solution with 5% or 10% glucose or 
normal saline with 5% or 10% glucose and 
5 mmol/litre of potassium chloride
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Over- hydration
Signs of over- hydration, especially if there is cardiac failure 
(e.g. in severe malnutrition) are as follows: 

 O tachycardia, increased respiratory rate, oedematous 
(puffy) eyelids, crepitations at lung bases, enlarged liver 
and raised jugular venous pressure (JVP)

 O pulmonary oedema on chest X- ray.

Management
 O Stop giving IV fl uids or oral rehydration solution, but give 

breast milk or plain water and food. 
 O Do not give a diuretic unless there is pulmonary oedema 

(crepitations in lungs), in which case give furosemide 
1 mg/kg IV.

Reassess:
 O ABC. 
 O The state of intravascular rehydration. 
 O Plasma electrolytes (if possible).
 O Urine output and urine electrolytes.
 O Glucose levels.

Reduce fl uid intake and continue to monitor, responding 
to changes in the child’s condition as described above.

5.5.C The child with septic shock

BOX 5.5.C.1 Minimum standards
 Q High- dependency care.
 Q Ringer- lactate or Hartmann’s solution (or 0.9% saline 

if no other crystalloid is available).
 Q Urgent blood transfusion.
 Q Antibiotics: cefotaxime, fl ucloxacillin, gentamicin, met-

ronidazole and penicillin.
 Q Dopamine and adrenaline.
 Q MUAC tapes.

Introduction
Septic shock develops when a number of different mech-
anisms of shock operate in the context of an invasive 
bacterial infection (an exception is dengue, which is caused 
by a viral agent; see Section 6.2.B). These mechanisms 
are as follows: 

 O hypovolaemic: there is abnormal capillary permeability, 
fever and accompanying vomiting and diarrhoea

 O distributive: there is loss of the normal sympathetic 
nervous system control of vascular tone, so that blood 
is lost from vital organs into non- vital areas

 O cardiogenic: there is impaired cardiac function sec-
ondary to hypovolaemia and the toxic effects of the 
pathogen.

These multiple factors make septic shock diffi cult and 
complex to treat, and they contribute to a high mortality 
rate in these conditions.

The bacteria that cause septic shock include 
Meningococcus, Staphylococcus, Streptococcus pneu-
moniae and Streptococcus pyogenes, together with 
Gram- negative organisms such as E. coli which par-
ticularly affect patients who are at risk due to lower 
immunity, such as the newborn, those with HIV/AIDS, 
and the malnourished.

Diagnosis of septic shock
The early recognition and treatment of septic shock is key 
to a good outcome, so a high degree of vigilance for this 
condition is necessary.

In a child who has an infection, with a fever (although 
the at- risk group mentioned above may have a normal or 
subnormal temperature), the development of a change in 

mental status, such as irritability, drowsiness, lack of interac-
tion or reduced or absent eating or breastfeeding is often 
the fi rst feature to alarm parents, and is the result of the 
effect of poor cerebral perfusion and possible accompany-
ing hypoglycaemia on the child’s brain.

The signs which should then be sought include the 
following:

 O tachycardia (best measured with a stethoscope)
 O weak pulse (ideally central – brachial, femoral or carotid, 

but diffi cult to gauge)
 O reduced urine output (this is an early sign)
 O cold skin with poor circulation, or sometimes peripheral 

skin vasodilatation
 O prolonged capillary refi ll time (CRT) > 3 seconds 
 O agitation and anxiety
 O increased skin sweating in some cases 
 O extreme central pallor (in cases with severe anaemia)
 O raised respiratory rate (due to acidosis)
 O reduced conscious level (this is a serious and danger-

ous sign) 
 O low blood pressure (this is a late sign and diffi cult to 

measure in young children; the correct- sized cuff is 
needed).

Diffi culties in managing septic shock
In well- resourced countries or well- resourced areas of coun-
tries with specialist paediatric intensive care units (PICUs) 
or high- dependency units, some cases of septic shock are 
still diffi cult to manage and some children die.

In resource- limited countries the following additional 
diffi culties need to be taken into account:

 O Severe malnutrition: this makes the diagnosis of septic 
shock more diffi cult, as the child’s malnourished body 
does not respond with the same physical signs as that 
of a well- nourished child. In addition, malnourished 
children may have poor myocardial function and almost 
always have severe anaemia. This will result in cardiac 
failure and probable death if rapid infusions of large and 
repeated boluses of fl uid (an important part of septic 
shock management) are given (see Section 5.10.B).

 O Severe anaemia: as shock is a failure of oxygen delivery 
to the tissues, clearly anaemia will make this worse. 
Rapid crystalloid fl uid infusion will dilute the blood fur-
ther and worsen the heart failure which may be present 
in severe anaemia. These children need early fresh 
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whole blood transfusion, where the red blood cells will 
improve oxygen- carrying capacity, and the plasma will 
support the circulation and supply coagulation factors. 
If only stored blood is available, it should be packed to 
provide predominantly red blood cells. In the absence 
of a suitable centrifuge, hanging the bag vertically allows 
the red cells to fall to the bottom of the pack and these 
can be transfused fi rst. 

 O HIV/AIDS: again diagnosis may be diffi cult, as physi-
cal signs and laboratory tests may be unreliable. A 
low threshold for treatment of suspected sepsis with 
broad- spectrum antibiotics is recommended (see 
Section 6.2.D).

 O Lack of PICU or high- dependency care facilities: 
even in children with good nutrition, no severe anaemia 
and no other long- term debilitating condition, the amount 
of fl uid infusion required to successfully treat some cases 
of septic shock is suffi cient to induce heart failure and 
pulmonary oedema. If facilities are available, intuba-
tion and ventilation, IV infusion of inotropic drugs such 
as dopamine and adrenaline, invasive cardiovascular 
monitoring, renal dialysis and other aspects of paediatric 
intensive care are required. The absence of these facili-
ties limits the treatment that can be offered to children 
with septic shock.

Initial management of septic shock
Even though it may be clear on initial inspection that the 
child is in shock, the fi rst priority must still be to call for help, 
manage the airway, manage breathing, and then manage 
the circulation. 

Call for help.

Airway
Assess the airway by the simple technique of asking the 
child ‘Are you all right?’

Any vocalisation such as a reply or crying indicates 
an open airway and some ventilation. In the absence of a 
response, formally open the airway with a head tilt/chin lift 
or a jaw thrust maneouvre (see Section 1.12), and assess 
breathing by looking, listening and feeling for its presence.

Breathing
All children with suspected shock must receive high- fl ow 
oxygen.

If possible, this should be given through a mask with 
a reservoir to achieve the higher concentrations. In the 
absence of spontaneous breathing give assisted ventilation 
with a bag-mask (see Section 1.13).

Circulation
Some assessment of weight will be necessary to calculate 
the amounts of fl uid and antibiotics to be given. If the child 
is not malnourished, use the following formula:

weight in kg = 2 (age in years + 4).

If the child is malnourished, this formula can still be used, 
but perhaps a percentage such as 25–50% subtracted 
from the result.

Intravenous access with a short wide- bore venous 
cannula, or placement of an intra- osseous line (see 

Section 8.4.B), is vital. More than one line is preferable, as 
rapid fl uid resuscitation may be required, and other drugs 
may need to be given simultaneously, but start IV treatment 
as soon as the fi rst line is in place before seeking additional 
IV access (unless suffi cient staff are available). Take blood for 
the following investigations: full blood count, glucose levels, 
electrolytes (including calcium and lactate levels if possible), 
blood grouping and blood cross- matching in all cases. Treat 
hypoglycaemia if it is identifi ed (see Section 5.8.B).

Nutritional status: severe malnutrition 
While starting to give fl uid, assess the child’s nutritional 
status (see Section 5.10.B). Look for visible severe wasting 
or marasmus. Follow the WHO criteria: ‘Look at the arms, 
legs and chest. The marasmic child does not look just thin, 
but appears to be all skin and bone. The skin looks too large 
for the body, there is no fat on the child and you will see 
the outlines of the ribs. There is also severe muscle wast-
ing of the arms, legs and buttocks. The head may appear 
relatively large because of wasting of the body.’ Use the mid 
upper arm circumference (MUAC) (see Section 9) to assess 
marasmus, as the urgency of the child’s need for treatment 
precludes a weight and height measurement.

Look also for kwashiorkor. Check for oedema of both 
feet. Look at the bare feet. Press the top of the foot gently 
with your thumb for a few seconds. Oedema is present if a 
defi nite dent is left in the tissues. Look and feel to determine 
whether the child has oedema of both feet.

Severe anaemia
In very anaemic children (with either obviously pale palms or 
haemoglobin levels of less than 3–4 grams/dL), crystalloid 
alone will worsen oxygen delivery to the tissues. These chil-
dren need blood, either packed cells or a partial exchange 
transfusion, in addition to initial slow fl uid resuscitation (see 
Section 5.10.B, Section 5.11.C and Section 8.4.B).

First fl uid
The next step is to give fl uid and antibiotics intravenously. 

Malnourished and/or severely anaemic children
 O If the child is malnourished and/or anaemic (hae-

moglobin concentration < 5 grams/dL), fl uid must 
be given much more carefully. Give 10 mL/kg IV over 
30–60 minutes. The recommended solution is Ringer- 
lactate solution or Hartmann’s solution, each with 5% 
glucose (insert 50 mL of 50% dextrose into a 500- mL 
bag of the bolus fl uid), but give normal saline (0.9%) if 
this is all that is available, also with 5% dextrose. For 
antibiotic treatment, see below.

 O Give a bolus of 10 mL/kg of fresh blood (if available) 
or stored blood over 15 minutes as soon as possible.

 O Assess the child and if they are not in clinical heart 
failure, give another 10 mL/kg bolus of fresh or stored 
blood over 15 minutes.

 — If the child is in heart failure, give 10 mL/kg of blood 
as packed red cells over 2–3 hours, or use a partial 
exchange transfusion as follows: using a cannula in 
a large vein, withdraw 5–10 mL of the patient’s anae-
mic blood (depending on the child’s size) and infuse 
10–20 mL, respectively, of new blood over 5 minutes 
and repeat 10 times.

 O If the child is not improving after having been given the 
above treatment and antibiotics (see below), further 
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clinical interventions must be determined by the indi-
vidual situation.

Normal nutrition
 O If the child is not malnourished, infuse a crystalloid 

such as Hartmann’s or Ringer-lactate solution as quickly 
as possible, but give normal saline (0.9%) if this is all that 
is available. In well-nourished children, the initial bolus 
volume of fl uid to be given is usually 20 mL/kg, which 
is 25% of the child’s circulating volume. Shock is not 
usually clinically evident until 25% of the circulation has 
been lost, so any child with signs of shock must have 
lost at least this amount of fl uid from the circulation. For 
example, a child weighing 12 kg would need 240 mL 
of crystalloid. This fl uid should be given as quickly as 
possible, usually over 5–10 minutes. It is easily given by 
pushing the fl uid in using a 50-mL syringe. 

Antibiotics
 O While giving the first bolus of IV fluid, also give IV 

antibiotics if suffi cient staff are available to avoid intro-
ducing delays with the fi rst fl uid bolus. The choice of 
antibiotics will depend on the clinical clues as to the 
infecting organism. In the presence of a purpuric rash 
(and in a non- endemic dengue area), meningococ-
cus is the likely organism. Otherwise Streptococcus 
or Staphylococcus or Gram- negative organisms are 
candidates. A third- generation cephalosporin such 
as ceftriaxone or a combination of gentamicin and a 
penicillin would be advisable. Flucloxacillin should be 
added if Staphylococcus is suspected (e.g. if there are 
boils or a known abscess). In newborn infants or children 
with suspected intra- abdominal sepsis, Gram- negative 
organisms are likely. Metronidazole should be given to 
cover anaerobic organisms if clinically appropriate. 

Reassessment
 O The next very important step before a second IV bolus 

is given is to reassess the patient’s vital signs to see 
if the fl uid has helped. Check the pulse rate, capillary 
return, limb temperature and blood pressure, and pay 
particular attention to the child’s mental status. Observe 
the parent–child interaction. Is the child more or less 
responsive to the parent? Look for signs of heart failure 
(i.e. raised jugular venous pressure, enlarged liver, and 
crackles in the lung bases). 

 O If the child still shows the signs of shock, give further 
fl uid. If there are signs of fl uid overload with or without 
heart failure, stop the IV fl uid.

Further fl uid
 O If there has been a little improvement or no improvement, 

give a further bolus of 10–20 mL of fl uid. Reassess the 
child after each 10 mL/kg of fl uid, checking the pulse 
rate, capillary return, limb temperature, blood pressure 
and alertness, and looking for signs of heart failure, raised 
jugular venous pressure, enlarged liver, and crackles in 
the lung bases. 

 O Once a total of 40 mL of fl uid have been given, there is 
an increasing risk that you will cause fl uid overload with 
pulmonary oedema, which will make the child worse, 
not better. The problem is that there may still be leak-
age of fl uid out of the circulation (into which you have 
been infusing the crystalloid or other fl uid), which makes 

the tissues oedematous but leaves the circulation still 
hypovolaemic and the tissues under- perfused.

Inotropes
 O One response to this situation is to give an infusion of a 

drug that stimulates the heart to pump harder and sup-
ports the circulation (an inotrope). Dopamine is a very 
potent drug and must be given carefully. It should 
be given into a peripheral vein or intra- osseously at a 
starting dose of 5 micrograms/kg/minute. The dose can 
be increased in steps up to 20 micrograms/kg/minute if 
lower doses do not help.

Dopamine infusion
 O Make up 0.3 mg/kg of dopamine in 500 mL of Ringer- 

lactate or Hartmann’s solution or normal saline. This will 
give 0.1 microgram/kg/minute if run at a rate of 1 mL/
hour. Use an 100- mL paediatric burette in the infusion 
line for this fl uid. The burette can then be fi lled with a 
further 100 mL and a further dose of dopamine added 
when necessary. To give 5.0 micrograms/kg/minute, 
give 50 mL/hour of this dilution for a child. Do not forget 
that the fl uid that you are using for the infusion must be 
included in your calculations of total fl uid given. If higher 
doses of dopamine are needed, a more concentrated 
solution of dopamine should be used or too much fl uid 
will be given.

 O If dopamine is not available or is not having any signifi cant 
effect in the larger doses, then adrenaline, which is more 
potent than dopamine, may be tried.

Intermittent adrenaline infusions
 O Dissolve 0.1 mL of 1 in 1000 adrenaline or 1 mL of 1 

in 10 000 adrenaline in 10 mL of 0.9% saline and give 
1 mL IV in a child (100 microgram) or 0.2 mL in an infant 
(20 micrograms). Check the response (in particular of 
blood pressure), and repeat after 15–30 minutes if it 
helps to improve perfusion. Then intermittently give 
further doses as required (1 mL of this solution contains 
100 micrograms).

 O It must be emphasised that in the absence of paedi-
atric intensive care, the above infusions of inotropic 
(circulation- supporting) drugs are an attempt to save a 
child in extremis, and may not be effective.

 O Once the infusion of inotropes has been started and 
the child’s vital signs reassessed, fl uid may cautiously 
be continued, reassessing frequently and stopping the 
infusion if signs of heart failure appear. 

 — If there is a skilled operator (an anaesthetist or sur-
geon) available, the placing of a central venous line 
would be very helpful for monitoring the venous 
pressure (around + 8 mmHg is a good target) and 
for infusing the dobutamine or adrenaline centrally. 

 — Once 60 mL/kg have been given in total along with 
inotropes, further fluid is unlikely to be beneficial 
unless skilled ventilation is available.

 — In this situation, provided that adequate facilities and 
expertise are available, positive pressure ventilation 
through an endotracheal tube (usually with positive 
end- expiratory pressure) can assist the circulation and 
help to manage the effects of any pulmonary oedema.
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Reviewing the full blood count and 
biochemistry

 O Blood tests were taken at the beginning of treatment, 
but it is useful to check the blood tests again (taking the 
blood from a vein with no IV in place). 

 — Check the haemoglobin level to see whether there is 
now a need for a blood transfusion (fresh blood would 
be best). Studies have shown that the haemoglobin 
concentration should ideally be above 10 grams/dL 
when treating shock in children.

 — Check the blood glucose level and treat with 2 mL/
kg of 10% dextrose in a neonate and 2–5 mL/kg of 
10% dextrose in an older infant or child if the level 
is less than 2.5 mmol/litre. Also add glucose to any 
infusion fl uid. 

 — Check the calcium level, and if the concentration 
of ionised calcium is less than 1 mmol/litre, give 
0.3 mg/kg of 10% calcium gluconate IV slowly (over 
30 minutes, as calcium can cause cardiac arrest if 
given too quickly).

 O Consider giving 0.5–1 mmol/kg of sodium bicarbo-
nate (0.5–1 mL/kg of 8.4% sodium bicarbonate) over 

15 minutes IV for refractory acidosis that is not respond-
ing to fl uid resuscitation and effective ventilation.

Steroids
 O There is some evidence that IV steroids can be helpful in 

some cases of septic shock. If the suspected organism 
is meningococcus or the child has previously been on a 
prolonged course of steroid treatment (e.g. for nephrotic 
syndrome), IV hydrocortisone can be given at a dose 
of 1–2 mg/kg/day in divided doses or as a continuous 
infusion. Occasionally higher doses up to 50 mg/kg/day 
have been used.

Further treatment
 O Many children with septic shock may respond to the 

above treatments. For those who have not done so, 
paediatric intensive or high- dependency care is needed. 
If this is available, contact should be made with the PICU 
team as soon as it becomes clear that the child has 
septic shock. Advice on their care can then be given 
by experts and arrangements made, if possible, for the 
child to be ‘retrieved’ by the intensive care team coming 
to stabilise and transfer them.

5.6 Renal disorders

5.6.A Medical renal disorders

BOX 5.6.A.1 Minimum standards
 Q Accurate weight- measuring scales.
 Q Fluid input and output charts. 
 Q Urine microscopy, culture and sensitivity.
 Q Antibiotics: trimethoprim, cephalosporins, amoxicillin, 

nitrofurantoin, gentamicin, penicillin.
 Q Blood biochemistry: urea, creatinine, sodium, potas-

sium, chloride, bicarbonate.
 Q Urinary electrolytes.
 Q Full blood count.
 Q Ultrasound scan.
 Q Blood pressure measurement. 
 Q Furosemide and chlorothiazide.
 Q Nifedipine or amlodipine, hydralazine, propranololol or 

atenolol, captopril or enalapril.
 Q Prednisolone, levamisole and cyclophosphamide.
 Q IV albumin.
 Q Analgesia: morphine. 
 Q IV Ringer- lactate solution, Hartmann’s solution, phos-

phamide and 5% albumin.
 Q IV glucose 10% and insulin.
 Q Sodium bicarbonate, calcium gluconate, calcium reso-

nium and calcium carbonate.
 Q Antihypertensive drugs.

Introduction
Common renal investigations: plasma or 
serum biochemistry
Electrolytes
Sodium (Na+) and potassium (K+) assays are essential for 
the logical management of children with kidney dysfunction. 
Bicarbonate (HCO3

–) is also extremely helpful, but more 
diffi cult to measure.

Problems with fl uid and electrolyte balance are common 
in ill children. They can occur in a wide variety of clinical 
situations and with a wide range of underlying diagno-
ses. A methodical approach to history taking and clinical 
examination is therefore essential, and interpretation of 
biochemical results must always be done in the context of 
the clinical situation. 



470

International Maternal & Child Health Care

TABLE 5.6.A.1 Maintenance water, sodium and potassium requirements

Age Preterm Term 1 year 5 years 12 years

Sodium (mmol/kg/24 hours) 5 3 2 2 1

Potassium (mmol/kg/24 hours) 5 3 2 2 1

Water (mL/kg/24 hours) 200 150 100 75 50

Fluid (mL/kg/hour) 8 6 4 3 2

Dehydration and hypovolaemia
Fluid within the body is distributed between the intracellular 
fl uid (ICF) and extracellular fl uid (ECF) compartments, the 
ECF being composed of the intravascular and interstitial 
components. Differential solute composition of the ICF 
and ECF compartments is maintained by cell membrane 
pump activity and solute size and electrical charge. Fluid 
movement is regulated by a balance between osmotically 
active solutes and hydrostatic pressure.

It is useful when clinically assessing the fl uid volume 
status of a patient to try to consider which compartment 
has insuffi cient or excess volume.

The effects of ECF volume depletion are usually shared 
between the intravascular and interstitial compartments, 
and are seen as hypovolaemia and dehydration, respec-
tively. However, assessment can be complex. For example, 
in a condition like nephrotic syndrome, on examination there 
may be weight gain and oedema. However, since there is 
hypoalbuminaemia, and albumin is the primary intravascular 
osmotic component, the intravascular fl uid volume may be 
low but the total ECF volume is high. Conversely, in acute 
renal failure there can be weight gain and oedema in a 
situation where both the total ECF and the intravascular 
volume are high. In heart failure, oedema can be present 
with high, normal or low intravascular volume, depending 
on other additional pathologies. In summary, oedema can 
occur with high, normal or low intravascular fl uid volume, 
which makes the clinical history and a full examination vitally 
important for understanding the individual patient.

Often, in dehydration, sodium and water have been 
lost in an approximately normal ratio and therefore the 
defi cit should be replaced as Ringer- lactate or Hartmann’s 
solution. Normal saline can be used if these two solutions 
are unavailable, but it is less satisfactory because large 
volumes cause the patient to develop a hyperchloraemic 
acidosis, due to the larger chloride load in normal saline 
than there is in plasma.

Practical point
When prescribing rehydration fl uids: 
A Make an assessment of volume defi cit and replace this 

as Ringer- lactate or Hartmann’s solution. 
B Calculate maintenance fl uids and insensible losses.
C Initially estimate, and then measure, ongoing losses and 

replace them appropriately in volume and content.

Fluid prescription should consist of A + B + C.

Aim to treat cardiovascular collapse or ‘shock’ quickly over 
the fi rst 1–2 hours. Infuse Ringer- lactate or Hartmann’s solu-
tion to restore the circulating blood volume, reviewing to 
assess the response (see Section 5.5.A), and thereafter use 
a slow replacement rate so that the total defi cit is replaced 
over at least 24 hours.

In hypernatraemic dehydration, after an acceptable 

cardiovascular state has been restored, aim to reduce 
plasma sodium levels slowly over 24–48 hours by altering 
the sodium concentration of the infusion fl uid appropriately, 
and repeatedly monitoring the rate of fall of the plasma 
sodium and urinary sodium concentration.

Fluid and electrolyte disorders
Good management depends on measurement of input and 
output, plus repeated: 

 O clinical examination
 O biochemical data on urine and blood
 O weight measurements.

Hyponatraemia
Hyponatraemia is defi ned as a plasma sodium concentra-
tion of less than 130 mmol/litre, and it occurs when there is:

 O sodium loss in excess of water loss
 O or water gain in excess of sodium gain.

The total body sodium level may be high, low or normal, 
and therefore initial and ongoing clinical assessment of the 
extracellular fl uid volume is essential.

Hypernatraemia
Hypernatraemia is defi ned as a plasma sodium concentra-
tion greater than 150 mmol/litre, and occurs when there is: 

 O water loss in excess of sodium loss
 O or sodium gain in excess of water gain.

Again, the total body sodium level may be high, low or 
normal. 

TABLE 5.6.A.2 Clinical estimation of ECF volume deficit in 
dehydration

Mild 
3–5% weight loss Thirsty

Mucous membranes dry

Decreased skin turgor

Moderate 
5–10% weight loss Increased severity of the above 

Depressed fontanelle

Sunken eyes

Tachycardia

Severe 
10–15% weight 
loss

Increased severity of the above 

Drowsiness, confusion or coma

‘Shock’

Cool peripheries

Prolonged capillary refi ll time

Hypotension
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Hypernatraemic dehydration: water loss in excess of 
sodium loss
Because sodium is the principle ECF osmole, the ECF vol-
ume is relatively well maintained, and signs of dehydration 
and hypovolaemia are less apparent. 

Creatinine
Plasma creatinine concentration is the best available, most 
clinically useful and relatively inexpensive guide to glomeru-
lar renal function. It is easily, quickly and cheaply measured 
on a small blood sample. Individual measurements are 
of use in determining whether renal function is within the 
normal range. Sequential measurements are useful for 
following deterioration or improvements in renal function 
over a short time scale of hours or days, or over a long time 

scale of months or years. Although formulae can be used, 
the following guidelines allow the glomerular fi ltra tion rate 
(GFR) to be estimated in most clinical situations. 

The plasma creatinine concentration depends on the 
bulk of the patient’s muscle (where it is produced) and the 
patient’s height, so on aver age men have higher values than 
women, and older children have higher values than babies, 
except in the fi rst few days of life (see Table 5.6.A.3).

For example, a creatinine concentration of 150 mmol/
litre in a well- nourished 5- year- old girl would be three 
times the upper limit of normal, indicating a GFR of one- 
third normal. The same creatinine concentration in a very 
undernourished girl with little muscle bulk would imply a 
GFR considerably lower than one- third.

TABLE 5.6.A.3 Upper limit of normal plasma creatinine concentrations

Subject Plasma creatinine concentration 
(micromol/litre)

Plasma creatinine concentration 
(mg/dL)

Well- nourished average man 100 1.15

Well- nourished average woman 75 0.85

Well- nourished average 10- year- old child 60 0.70

Well- nourished average 5- year- old child 50 0.65

Well- nourished average baby or toddler 40 0.45

Baby aged 3 days to 3 weeks Variable

Baby in fi rst 2 days of life Maternal

Urea
Although useful for managing children with renal failure, 
urea concentration is an inaccurate way of measuring renal 
function because it is also highly dependent on hydration, 
and on carbohydrate and protein intake.

Urine biochemistry
Concept of fractional excretion
Clearance of any substance which is fi ltered by the glomeruli 
and then reabsorbed by the tubules can be compared to the 
clearance of creatinine which is fi ltered and then excreted 
largely unmodifi ed by the tubule. The fractional excretion 
is that fraction of substance x that has been fi ltered at the 
glomerulus that actually reaches the urine.

Fractional excretion (FE) x  % =
filtered x

     urine x      
× 100

Fractional excretion of sodium 
Normally, most of the fi ltered sodium (Na+) is reabsorbed; 
the majority of this reabsorption occurs in the proximal 
tubule. When plasma sodium is normal and the patient is 
not shocked, physiologically fractional excretion of sodium 
can vary. However, calculating FE Na can give useful clues 
in pathological states.

The normal renal response to intravascular fl uid volume 
reduction is to excrete urine with a low sodium content. It 
does this by a number of mechanisms, including reduction 
of glomerular fi ltration rate (GFR) and aldosterone- stimulated 
sodium reabsorption, which requires intact tubules.

Fractional excretion of sodium (FE Na) is calculated 
from the urine (U) and plasma (P) concentrations (check 

that P and U creatinine values are expressed in the same 
units), using the following formula:

FE Na (%) = U/P sodium × P/U creatinine × 100.

TABLE 5.6.A.4 Interpretation of excretion of sodium in pathologi-
cal processes

FE Na Interpretation

Shock < 1% Tubules functioning = pre- renal 
failure

> 1% Acute tubular necrosis (ATN)

Hyponatraemia < 1% Salt loss or water overload 
(appropriate renal response)

> 1% Renal salt wasting (tubular disease)

Hypernatraemia < 1% Renal concentration defect

> 1% Salt overload (may be abuse)

Urine collection and examination
Collecting urine from babies can be time consuming, but 
is important in establishing a diagnosis. 

Methods of urine collection
 O Clean catch into a sterile pot.
 O Sterile collecting pads are cheaper and easier to use 

than an adhesive bag. 
 O For toddlers it is fi ne to use a potty or equivalent which 

has been thoroughly washed in hot water and detergent 
(using antiseptics or bleach, or scalding with boiling 
water, are unreliable). 

 O Suprapubic or catheter urine sampling is useful in ill chil-
dren when antibiotics need to be started without delay.
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Stick testing of urine and protein 
measurement

 O Dipstick testing for blood, protein and glucose is useful 
and reliable. 

 O Stick testing for nitrite to identify urinary tract infec-
tions (UTIs) is useful when positive to rule in UTIs, but 
unreliable when negative because it remains negative 
in 50% of cases. 

 O Stick testing for white cells to diagnose UTIs is unreli-
able because they may occur without white cells, and 
because white cell numbers also increase in the urine 
of febrile children without UTIs. 

Laboratory measurement of protein in urine
Urine protein should be < 20 mg protein/mmol creatinine 
in an early- morning sample of urine. 

In nephrotic syn drome there is typically > 500 mg pro-
tein/mmol creatinine.

Microscopy of urine
Microscopy of unspun fresh urine can provide a cheap 
and reliable way of rapidly diagnosing UTIs (by identifying 
bacteria directly, rather than by counting white cells), and 
of diagnosing schistosomiasis. 

Red blood cells can be identifi ed as being due to glo-
merulonephritis (when they are small, fragmented and of 
varied and distorted shapes), or due to other causes, such 
as trauma, stones or bladder infl ammation (when they are 
all similar, and typically biconcave). 

A standard light microscope with a magnifi cation of 
× 400 is suffi cient. Using a counting chamber (or a micro-
scope slide with a scratched surface) and cover slip ensures 
that the microscope is focused at the correct plane, other-
wise it is not possible to tell when microscoping a normal 
urine. A counting chamber with a mirrored surface is not 
essential, but makes identifi cation of bacteria easier. Phase 
contrast makes identifi cation even easier. A highly reliable, 
almost pocket- sized microscope (McArthur) is available 
with phase contrast.

Urinary tract imaging techniques
All renal imaging techniques are relatively expensive, and 
many will have limited availability.

Ultrasound scanning
Useful information can only be obtained from ultrasound 
scanning by a skilled operator using an adequate machine. 
It demonstrates anatomy, but not function. It is ionising 
radiation free, and, when available, is now the fi rst choice 
for initial imaging of most renal conditions in children. It is 
excellent at demonstrating cysts, stones and dilatation, 
and has a similar sensitivity to the intravenous urogram 
(IVU) for demonstrating long- standing or extensive scarring. 
Nephritis causes echo brightness of the kidneys. Tumours 
and cysts are easily seen, usually before they are visible 
by other modalities. Stones can be easily identifi ed, but 
may be misinterpreted by the inexperienced because the 
whole stone is not seen; a bright line identifi es where the 
ultrasound hits the front edge of the stone, and an acous-
tic shadow is thrown behind it. Nephrocalcinosis can be 
detected easily as white renal pyramids long before it can 
be seen on X- rays.

Ultrasound scanning during the acute phase of the 
UTI will often show dilation of the ureters. It is therefore 

suggested that this investigation should be undertaken 
2–3 weeks after the infection. Any dilation of the ureters 
should then be regarded as signifi cant.

Micturating cystogram (MCUG)
This is still the most reliable way to assess vesico- ureteric 
refl ux (VUR), but unfortunately depends on invasive urethral 
catheterisation, and depending on the equipment used it 
may require a relatively high dose of radiation. It should be 
reserved for use when the result will affect management. 
(Refl ux is less commonly found in Afro-Caribbean children.)

This investigation is very important to confi rm pos-
terior urethral valves, one of the commonest obstructive 
uropathies seen in Afro-Caribbean children. The age of 
presentation is variable. When it presents in the neonatal 
period there is usually severe renal involvement. 

Plain abdominal X- ray
This demonstrates radio- opaque stones, but these and 
nephrocalcinosis are usually easier to see on an ultrasound 
scan.

Urinary tract infections (UTIs)
Background
UTIs are very common. The risk of UTI is increased in babies 
with anatomical nephro- urological abnormalities, those with 
obstruction, those with VUR, and in girls. Management of 
VUR is controversial (see Section 5.6.B). Recent studies 
have shown that about 10% of girls and 3% of boys will 
have had a UTI diagnosed by the age of 16 years in the 
UK. Most children with UTIs have no underlying renal tract 
problem and suffer no serious consequences. However, UTI 
may be the fi rst indicator of underlying renal tract abnormal-
ity, and may be associated with acquired renal scarring. 
Distinguishing the small group of children with important 
fi ndings in this common condition remains a challenge, and 
the question of how intensively to investigate children after 
UTI remains controversial.

Large scars may cause renal failure, but even small 
ones can cause hypertension, often in later childhood or in 
adulthood. To prevent seri ous sequelae of hypertension, 
children with scars should have lifelong blood pressure 
monitoring, as symptoms do not occur until serious 
irreparable disease is present.

Infants are the most vulnerable to scarring, and most 
children who will acquire scarring will have started to do so 
by the age of 4 or 5 years. Animal studies and case series 
suggest that a UTI in a vulnerable individual may cause 
permanent scarring rapidly, in a matter of a very few days.

Diagnosis
Symptoms
Older children may present with typical ‘cystitis’ symp-
toms, typically due to bladder and urethral irritation, such 
as frequency and dysuria. Loin pain suggests likely upper 
renal tract involvement, but some children have few or no 
symptoms. Younger chil dren (under 2 years of age) often 
only have non- specifi c symptoms such as anorexia, failure 
to thrive, unexplained fever or prolonged jaundice. Therefore 
all young children with an unexplained illness, particularly 
with a fever, should have a UTI excluded.
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Urine testing
A diagnosis is usually made by culture of a pure growth 
of one species of bacteria (most commonly E. coli ) at a 
concentration of more than 105/mL. Any concentration of 
bacteria in a suprapubic urine sample suggests infection. 
White blood cells (> 50/microlitre) are usually considered 
helpful in making the diagnosis, but UTIs can occur without 
any white cells (sometimes because they lyse in minutes), 
and urinary white blood cells can be found in children with 
fever who have some other cause and do not have a UTI. 

As stated above, the organism most commonly involved 
is E. coli. If unusual organisms such as Pseudomonas are 
cultured at the fi rst episode of UTI, it is mandatory to rule 
out an underlying urinary tract abnormality.

Microscopy
Microscopy of freshly voided unspun urine is a quick, reliable 
and cheap way to diagnose UTIs if a × 400 microscope 
is available, and it enables an immediate diagnosis to be 
made. This allows the best- guess antibiotic to be started 
at once. Infected urines need to be cultured to obtain anti-
biotic sensitivities. Infected urine will contain many bacteria, 
up to thousands per high- power fi eld, depending slightly 
on the depth of urine under the cover slip. The bacteria 
will all look the same, and are typically rods of identical 
length. Occasionally, UTIs are caused by streptococci, 
which are seen as long chains of dots. Separate small dots 
that appear to be swimming are not streptococci, but are 
phosphate crystals (the shimmering movement is due to 
Brownian motion). Most but not all children with UTIs will 
also have > 50 white blood cells/microlitre, or at least 1 per 
10 high- power fi elds.

If no bacteria are seen in about 5 high- power fi elds, the 
urine is not infected; the samples therefore need no further 
testing and can be discarded. Urine samples containing 
less than 1 bacterium per high- power fi eld, or mixtures 
of rods and cocci, are likely to have been contaminated. 
Because this can be identifi ed quickly, further samples can 
and should be collected until a clearly uninfected or infected 
one is obtained.

FIGURE 5.6.A.1 Rods seen in 10 high- powered fi elds.

Imaging 
Imaging after the fi rst UTI is controversial. Young children 
and infants warrant more intensive investigation, as do 
those with a family history of renal disease.

Ultrasound scanning
This should be undertaken for all children after their fi rst 
recognised UTI in order to identify structural abnormalities, 

and to try to identify scars. The likelihood of detecting a scar 
is much greater if it is large, involving multiple renal seg-
ments, or several years old, so that it will have had time to 
shrink and distort. Negative scans in young children (under 
4 years) therefore need to be interpreted with caution.

Ultrasound scanning during the acute phase of the UTI 
will often show dilation of the ureters. It is therefore sug-
gested that this investigation be undertaken 2–3 weeks 
after the infection. Any dilation of the ureters should then 
be regarded as signifi cant.

Micturating cystogram (MCUG)
It is probably ideal to perform an MCUG on very young 
children who have had a defi nite UTI. It is recommended that 
an MCUG be performed on all those under 1 year of age, 
because about a third will have an anatomical abnormality 
detected, usually vesico- ureteric refl ux (VUR). However, 
there is not universal agreement about this, as there is a 
high percentage of normal results. 

Posterior urethral valves may present with a UTI, espe-
cially in parts of the world where there is little or inadequate 
antenatal scanning. Thus in baby boys who have had a UTI, 
a good view of the urethra is essential.

Children with VUR are at risk of developing scars with 
UTI. Therefore finding VUR should make you suspect 
that the child may have a scar that was not identifi ed by 
ultrasound.

Management of VUR is controversial (see Section 5.6.B). 
Prophylactic antibiotics may reduce the recurrence of 
infection; awareness and rapid treatment of infection is 
important. Most VUR is self- resolving and the aim of medi-
cal treatment is to keep free of UTI while allowing natural 
resolution (over a period of years). The possibility of VUR 
should be considered and, if possible, tested for if scarring 
is identifi ed on ultrasound scanning.

Most VUR resolves with time; the lower the grade, the 
more likely it is that resolution will occur (80–90% resolution 
of grade 1–2 over 5 years).

Treatment of UTIs
Encourage a high fl uid intake to produce dilute urine and 
reduce the symptoms of dysuria.

Treat the child for 7 days initially with: 
 O oral trimethoprim (4 mg/kg twice daily) 
 O or cephalexin (10 mg/kg three times daily)
 O or amoxicillin (1 month to 1 year 62.5 mg: 1–5 years 

125 mg: 5–18 years 250 mg, all three times daily)
 O or nitrofurantoin (3 months to 5 years: 750 micrograms/

kg 4 times daily, 12–18 years: 50 mg 4 times daily).

Intravenous antibiotics may be necessary for very unwell 
children (particularly under 2 years of age) for as long as 
they are unable to tolerate oral medication. This may include 
gentamicin 7.5 mg/kg as a loading dose and then 7.5 mg/
kg once daily only after confi rmation that the plasma creati-
nine concentration is normal. If there is renal failure, no more 
should be given after the single dose, unless blood levels 
are available to guide the dosage. If necessary, change the 
antibiotic according to the laboratory sensitivity testing, 
when and if it is available.

Use of prophylactic antibiotics is controversial. Use may 
reduce recurrence of UTI and should be considered when 
there is VUR. A night- time dose of trimethoprim (2 mg/kg) or 
cephalexin (12.5 mg/kg maximum 125 mg) or nitrofurantoin 
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(1 mg/kg) may be used. Do not use amoxicillin for prophy-
laxis, because resistant organisms are likely to emerge. 

In many resource- limited countries where there may be 
inadequate procedures for ensuring that antibiotics are used 
appropriately and where disposal of body fl uids containing 
antibiotics may contaminate drinking water supplies, UTIs 
are resistant to trimethoprim but remain sensitive to cepha-
losporins and amoxicillin. Ideally, where available, cultures 
for antibiotic sensitivity should be undertaken.

Hypertension
Background
There is a steady increase in blood pressure with age, and 
defi nitions of hypertension are arbitrary. However, in most 
children with hypertension the blood pressure becomes 
very much higher than normal (unlike the majority of adult 
hypertension patients, whose blood pressure is only mod-
erately elevated, causing a skewed frequency distribution 
curve). Primary hypertension is rare in children, and in more 
than 80% of them hypertension is secondary, and in at least 
75% it is renal in origin. Diagnosis of the underlying cause 
is therefore very important in management. Children are 

relatively intolerant of hypertension, so they are at major 
risk of sequelae, especially encephalopathy, blindness 
and death.

Measurement
Blood pressure is best measured with a simple sphyg-
momanometer, as automatic blood pressure machines may 
be unreliable. It is more reliable to use the largest cuff that 
will fi t on to the upper arm, rather than using ‘formulae’ that 
relate the cuff size to the child’s size. A cuff that is too large 
will not signifi cantly underestimate the blood pressure, but 
one that is too small will overestimate it. In children, it is 
best to use systolic blood pressure; it is just as important 
as diastolic pressure for diagnosis and treatment, and is 
easier and more reliable to measure. In most children, 
palpating the reappearance of the pulse at the wrist is as 
accurate as using a stethoscope at the antecubital fossa, 
or a Doppler (if available) may be used at the wrist to 
detect the reappearance of the pulse. High values should 
be confi rmed with the child relaxed to reduce the effects of 
anxiety. Measurements should be repeated several times if 
they are abnormal. Table 5.6.A.5 shows the upper limit of 
normal blood pressure ranges according to age. 

TABLE 5.6.A.5 Mean, upper limit of normal and dangerous levels of systolic blood pressure in children of different ages

Value 1 month 1 year 5 years 10 years 15 years

Mean (mmHg) 75 85 95 105 115

Upper limit of normal (mmHg) 80 90 100 110 125

Needing urgent treatment (mmHg) 100* 120 130 140 150

*In infants, the likeliest cause of hypertension is coarctation of the aorta.

TABLE 5.6.A.6 Oral hypotensive drugs* for children, with maximum doses

Class of drug Example Maximum dose (mg/kg/day)

Calcium- channel blocker Nifedipine 1

Vasodilator Hydralazine 10

Beta- blocker Atenolol 1

Angiotensin- converting- enzyme (ACE) inhibitor† Captopril 5

* These are often given in combination to achieve a powerful effect with fewer side effects.
† ACE inhibitors must be started by giving a very low test dose fi rst and building up slowly. They must be used with great care if renal 
artery stenosis is suspected.

Causes and diagnosis
It is important to fi nd the underlying cause of the hyper-
tension to guide management. Sometimes the cause is 
clear from the history, examination or urine testing, and 
sometimes it requires diagnostic imaging. Ultrasound is 
the most useful screening technique, but is quite operator 
dependent. Hypertension can be caused by renal scarring 
that is diffi cult to detect with ultrasound.

Treatment
If the hypertension is known to be of recent onset, as in 
acute glomerulonephritis, it is safe to reduce the blood 
pressure quickly. Usually salt and water overload is a major 
factor; if so, restrict sodium and give furosemide 1–2 mg/
kg (the oral route is as effective as the intravenous one).

In other cases, treat the blood pressure slowly because 
cerebral arterial vasoconstriction may have occurred to 
protect the brain parenchyma from the impact of the 

hypertension, and made the cerebral blood fl ow dependent 
on a high blood pressure being sustained. 

A rapid fall in blood pressure may cause cerebral infarc-
tion and blindness. Reduction over 2 days or more allows 
the vascular tone to return to normal. Slow control may be 
achieved by introducing oral hypotensive drugs slowly 
at well below the maximum dose. 

Glomerular disease
Glomerular disease is characterised by proteinuria with or 
without haematuria. It may be caused by a primary glo-
merular disease or be secondary to a systemic illness, and 
it can cause a wide spectrum of clinical pictures, including 
the following:

 O nephrotic syndrome
 O acute glomerulonephritis
 O chronic glomerulonephritis
 O asymptomatic proteinuria or haematuria.
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Nephrotic syndrome
Background and clinical features
The clinical picture is of proteinuria, hypoalbuminaemia 
and oedema.

It must be differentiated from other causes of hypoalbu-
minaemia, such as protein malnutrition (see Section 5.10.B) 
and protein- losing enteropathy (see Section 5.12.D). 

It is traditionally classifi ed as early- onset (congenital, 
diagnosed at under 6 months of age) and later- onset types.

Early onset 
Children with congenital nephrotic syndrome frequently do 
not survive, many of them dying early of protein malnutrition, 
infection or thrombosis unless they are aggressively treated. 

Those with severe proteinuria, including the recessively 
inherited Finnish type, tend to fare worst. Diffuse mesangial 
sclerosis is a similar condition, but is usually less acute. 
Congenital syphilis can cause neonatal nephrotic syn-
drome which may respond to penicillin treatment. Some 
early nephrotic syndromes are self- resolving, but this is 
uncommon. 

Treatment is often diffi cult. Early- onset nephrotic syn-
drome is generally not responsive to steroids. Treatment 
may be supportive, including frequent albumin infusions, 
and in the most severe cases may require early unilateral 
or even bilateral nephrectomy, leading to dialysis and 
transplantation. Reduction of proteinuria by the use of ACE 
inhibitors or indomethacin may be attempted, but very 
careful monitoring is required.

Later onset 
Most children with nephrotic syndrome presenting in child-
hood (after the age of 1 year and before the teenage years) 

are steroid responsive, losing their proteinuria within 1 to 
2 months of treatment. They share clinical characteristics 
(see Table 5.6.A.8). Children with steroid- resistant nephrotic 
syndrome may have a range of diagnoses, including focal 
segmental glomerulosclerosis, Henoch–Schönlein purpura, 
lupus and mesangiocapillary glomerulonephritis. There is a 
strong association with infections, especially malaria and 
hepatitis B, as well as hepatitis C and HIV.

Acute management
It is reasonable to attempt to induce a remission with 
steroids, unless the clinical picture virtually excludes the 
possibility of steroid sensitivity. 

 O Use pred nisolone 60 mg/m2 daily (see Section 9 to con-
vert from body weight to surface area) for up to 6 weeks 
(about 95% of children who are going to respond do so 
within 1 month). Monitor carefully for the development 
of hypertension on steroids.

 O Limit fl uid retention by imposing a tight dietary sodium 
restriction. 

 O Prevent secondary pneumococcal infection with pro-
phylactic penicillin V (125 mg twice daily up to 5 years 
of age, and 250 mg twice daily thereafter). 

 O Avoid the sequelae of hypovolaemia (thrombosis).
 O Intravascular hypovolaemia is a high risk and should be 

monitored clinically by the appearance of cold periph-
eries and sometimes abdominal pain. There may be 
initial paradoxical hypertension, and hypotension may 
not occur until late. The best laboratory test is a urinary 
sodium concentration of less than 15 mmol/litre, espe-
cially if combined with a urine osmolality of over 800 
osmol/kg. Blood tests are seldom helpful. 

 O Treatment of hypovolaemia should be with 1 gram/kg 

TABLE 5.6.A.7 Renal and arterial causes of hypertension in childhood

Diagnosis Notes Renal ultrasound

Refl ux nephropathy Also called pyelonephritis (see UTI) Focal scars or shrunken kidney

Glomerulonephritis

Post- infective

Other causes

Typically have proteinuria and glomerular haematuria. Typically after 
a streptococcal infection, sore throat/skin infection. Give a 10- day 
course of penicillin

May have evidence of Henoch–Schönlein purpura or lupus; if not, 
renal biopsy is needed

Echo bright 

Inherited polycystic disease

Infantile type (recessive)

Adult type (dominant)

Kidneys large at birth, typically severe hypertension, renal failure in 
early life

Seldom causes renal failure in childhood, but may cause 
hypertension. Screen blood pressure of children of affected parents

Huge, homogeneous, echo 
bright

Discrete cysts develop through 
childhood

Narrowed arterial supply

Coarctation of the aorta

Renal artery stenosis

Check femoral pulses; may need surgical treatment or balloon 
angioplasty

Requires long- term medical treatment. May occur with 
neurofi bromatosis; screen for this

May be small, and diffi cult to 
diagnose without expensive 
imaging

TABLE 5.6.A.8 Clinical characteristics of steroid- sensitive and steroid- resistant nephrotic syndrome

Feature Steroid- sensitive nephrotic syndrome Steroid- resistant nephrotic syndrome

Gender Male > female Varies with condition

Age 1–3 years Usually older

Blood pressure Normal Often elevated

Speed of onset Rapid (days or weeks) Usually weeks or months

Haematuria Microscopic Often macroscopic

Plasma creatinine concentration Normal or low unless hypovolaemic May be elevated
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of IV 20% albumin over 4 hours, preferably with 2 mg/
kg of IV furosemide given halfway through. If shocked, 
give 10 mL/kg of 4.5% albumin.

 O Avoid the use of furosemide in the acute situation without 
adequate volume replacement.

Subsequent management if steroid- sensitive
This is ideally based on daily home monitoring of the morn-
ing urine protein level by stick testing. A common defi nition 
of a relapse is ++ proteinuria for 7 consecutive days, or +++ 
for 3 days, and it should be responded to by reintroducing 
salt restriction, penicillin V and prednisolone.

Protocols for doses and duration of use of predniso-
lone and steroid- sparing agents vary. The following is a 
proposed example:

First presentation: give prednisolone 60 mg/m2 daily 
(see Section 9), and if the patient responds (by loss of 
protein uria), complete 6 weeks of 60 mg/m2 daily, followed 
by 40 mg/m2 on alternate days for a further 6 weeks.

Subsequent relapse: restart 60 mg/m2 daily until there 
is no proteinuria for 3 days, then give 40 mg/m2 on alternate 
days for a further 4 weeks.

Frequent relapses: give prophylactic low- dose (e.g. 
200 micrograms/kg) alternate- day prednisolone. Titrate 
the dose up until either relapses are prevented, or steroid 
side effects develop.

If steroid prophylaxis causes unacceptable side effects, 
add prophylactic levamisole 2.5 mg/kg on alternate days 
(approximately 50% of cases will benefi t), which can be 
used relatively long term.

If levamisole is ineffective, consider giving cyclophos-
phamide 2.5–3 mg/kg daily for 12 weeks, monitoring 
weekly with white blood cell count, and reducing the dose 
if the absolute neutrophil count falls below 1 × 109/litre, or 
stopping if it falls below 0.5 × 109/litre. Or give 6 × monthly 
cyclophosphamide infusion (600 mg/m2). Note that this is 
potentially dangerous in resource- limited circumstances 
where infections are frequent.

Subsequent management if steroid resistant
Persistent haematuria and hypertension at the fi rst pres-
entation may be early warning signs of steroid resistance. 
Steroids should be used with caution, as the hypertension 
may be aggravated.

There is a wide range of conditions that may induce 
steroid- resistant nephrotic syndrome. These include 
infective agents, autoimmune diseases, some drugs and 
poisons, and unknown causes. The cause may be appar-
ent from the history and examination and other tests, but 
in most cases the diagnosis relies on the accurate 
interpretation of a kidney biopsy.

The infective causes include hepatitis B, HIV, 
Schistosoma mansoni, leprosy, tuberculosis and malaria. 
These conditions should be sought in those parts of 
the world where they are likely to be found, and treated 
appropriately. Hepatitis B typically causes a membranous 
nephropathy which tends to improve spontaneously. Post- 
streptococcal glomerulonephritis may cause nephrotic 
syndrome, but it is seldom the presenting feature. Although 
it is not the only cause of this clinical picture, it is sensible to 
treat any child who develops nephrotic syndrome after 
an acute nephrotic illness with 10 days of oral penicil-
lin V, 1–6 years 125 mg, 6–12 years 250 mg, 12–18 years 
500 mg per dose 6-hourly.

The autoimmune causes of nephrotic syndrome 
include Henoch–Schönlein purpura and IgA nephritis, 
lupus, mesangiocapillary glomerulonephritis, and some 
cases of membranous nephropathy. The commonest 
cause of steroid- resistant nephrotic syndrome in many 
parts of the world is focal segmental glomerulosclerosis 
(FSGS), the pathophysiological mechanism of which is 
unknown. In some of these conditions (including lupus, 
mesangiocapillary glomerulonephritis and FSGS), some 
children do respond to steroids. However, many children 
with steroid- resistant nephrotic syndrome do not respond 
to any treatment at all. Most of those who do only respond 
to more powerful immunosuppressants, such as cyclo-
phosphamide or cyclosporine. Some conditions have been 
treated with plasmapheresis, but in most conditions the 
evidence for this is purely anecdotal. These treatments are 
diffi cult to use because they are expensive, and they require 
close monitoring for side effects. Even under ideal medical 
conditions with considerable resources, many cases still 
progress to end- stage renal failure.

Protein in the diet
Children with nephrotic syndrome may lose huge quantities 
of protein in their urine. If they are on a low- protein diet they 
will quickly lose muscle mass as the body proteins are uti-
lised to synthesise plasma albumin. A relatively high- protein 
diet will be muscle sparing, but will make no signifi cant 
difference to the plasma albumin concentration.

Glomerulonephritis
Glomerulonephritis (GN) strictly refers to infl ammation of 
the glomeruli with cellular proliferation, although it is often 
used to include other glomerulopathies such as FSGS and 
membranous nephropathy, both of which typically cause 
steroid- resistant nephrotic syndrome. 

The commonest cause of childhood glomerulonephritis 
varies widely across the world. In resource- limited countries, 
acute post- streptococcal glomerulonephritis is the com-
monest type. In wealthier countries this is now becoming 
more unusual, and IgA nephropathy predominates.

Post- streptococcal glomerulonephritis
This is caused by antibodies produced in response to spe-
cifi c strains of streptococci. These bacteria typically cause 
throat and skin infections. The antibodies then form com-
plexes and are deposited within the glomeruli along with 
C3. Because it takes time for antibody production to occur, 
the signs and symptoms of nephritis do not usually begin 
to appear until 10–20 days after the start of the infection.

The infl amed glomeruli leak blood and protein, so the 
fi rst symptom is usually the child passing smoky or frankly 
bloody urine. The glomerular fi ltration rate usually falls 
slightly, so the plasma creatinine concentration is typically 
slightly elevated. Also the tubules reabsorb sodium and 
water excessively, which causes water retention out of 
proportion to the fall in glomerular fi ltration rate. This leads 
to swelling, which is most easily noticed around the eyes 
and face, and in the legs, but which does not pit as easily 
as oedema does in the nephrotic syndrome. The water 
retention also leads to hypertension. Most children with 
acute post- streptococcal glomerulonephritis do not lose 
enough protein into the urine to cause nephrotic syndrome 
as well, although some do, producing a mixed nephrotic–
nephritic picture.



477

Section 5.6

A presumptive diagnosis is made by examination of 
the urine for the presence of protein (using stick tests) 
and glomerular red cells and casts (by microscopy; see 
Section 8.S), in a child with a history of a recent sore 
throat or skin infection. Culture of a specific strain of 
Streptococcus from a throat or skin swab may confi rm 
the diagnosis. 

It is not reliable to make a diagnosis from a single titre 
of an anti- streptococcal antibody such as the ASOT or the 
anti-DNase  B, because many chil dren have an elevated 
level from previous exposure to other strains of strepto-
cocci. Confi rmation requires a signifi cant rise between two 
titres taken at least 10 days apart. 

If plasma complement levels (C3 and C4) can be meas-
ured, they may give a clue to the underlying diagnosis but 
are not confi rmatory. In post- streptococcal glomerulone-
phritis the plasma C3 concentration is reduced, and often 
stays subnormal for up to 6 weeks before rising back to 
normal. The plasma C3 level is usually low in mesangiocapil-
lary glomerulonephritis, and the C3 and C4 levels are often 
both low in lupus, and these conditions may present clini-
cally identically to post- streptococcal glomerulonephritis.

Treatment
If post- streptococcal glomerulonephritis is suspected, 
immediately start penicillin V, 1–6 years 125 mg, 6–12 years 
250 mg, 12–18 years 500 mg per dose four times daily for 
10 days, to eradicate the organism. There is always a delay 
in obtaining bacteriological confi rmation, either from culture 
or from paired titres, so it is best to start the penicillin at 
once, and use these tests as retrospective confi rmatory 
evidence.

It is essential to measure the child’s fl uid intake and 
losses accurately as well as daily weighing, and restrict 
the amounts of sodium and water allowed. This should be 
to balance the losses, or to cause net fl uid reduction if the 
child is signifi cantly fl uid- overloaded. The insensible loss is 
about 300 mL/m2 daily, but will be higher in a hot dry climate. 
(Estimate the surface area from Table 9.16 in Section 9.) Salt 
restriction is far more important than water restriction, 
and is sometimes all that is required for a child to maintain 
fl uid balance. This is because the tubules retain sodium 
avidly, so any salt that is eaten will be retained in the body 
and cause hypernatraemia. This drives an intense thirst, 
and it then becomes almost impossible to stop the child 
drinking. By contrast, a tight salt restriction will minimise 
the thirst, which aids management.

If the plasma albumin concentration is normal or only 
slightly reduced, it is safe to give an oral dose of furosem-
ide, 1–2 mg/kg. This will increase the urinary excretion of 
sodium and water, and thus improve fl uid overload and 
hypertension. It will also increase potassium loss, which 
is helpful if the fall in glomerular fi ltration has led to hyper-
kalaemia. It may be repeated as needed. However, if the 
child has a very low plasma albumin concentration from 
a mixed nephrotic–nephritic picture, giving furosemide 
may precipitate hypovolaemia. Because of this, either 
give intravenous albumin combined with furosemide (see 
section on acute management of nephrotic syndrome), or 
give furosemide under close observation and be prepared 
to give albumin if hypovolaemia occurs. Cold peripheries 
and abdominal pain (from splanchnic vasoconstriction) are 
important signs of this.

The raised blood pressure is frequently fully controlled 

by salt and water restriction and furosemide, but in some 
cases hypotensive agents are also needed (see Table 
5.6.A.5). Under such acute conditions it is safe to reduce 
the blood pressure rapidly.

In children with post- streptococcal glomerulonephritis, 
the kidneys usually make a full recovery, and progression 
to renal failure is rare. Therefore most of these children will 
have no sequelae, provided that their fl uid and electrolyte 
balance and blood pressure are carefully managed.

IgA nephropathy (Berger’s disease)
The typical presentation is of a child aged 5–15 years 
who develops an acute upper respiratory tract illness, and 
simultaneously has heavy haematuria that lasts for several 
days. Urine microscopy reveals distorted ‘glomerular’ red 
cells (see above). Usually the urine then clears completely, 
but the haematuria may return with subsequent illnesses. 
Some children with IgA disease have a more insidious illness 
with little or no macroscopic haematuria.

The diagnosis is suggested in children who present 
with recurrent heavy glomerular haematuria. There may 
be a family history. The plasma IgA concentration may be 
elevated in affected children, but this test is a poor dis-
criminator. In children with a less obvious clinical picture the 
diagnosis can only be made on a kidney biopsy. Antibody 
staining will show granular deposits of IgA in glomeruli that 
have mesangial proliferation. Histologically, IgA disease is 
identical to Henoch–Schönlein nephritis.

The best prognostic indicator in IgA nephropathy is the 
amount of proteinuria that persists between the acute epi-
sodes of haematuria. Most children have heavy haematuria 
but little or no proteinuria between attacks, and virtually all of 
these grow out of the condition, usually without any seque-
lae. Often the ones with the most dramatic haematuria 
recover particularly well. The children with a more insidious 
onset are more likely to have persistent proteinuria, and 
to continue with the condition into adulthood, eventually 
developing end- stage renal failure by middle age. There is 
no good evidence for treatments to prevent this happening. 
However, adequate blood pressure control is important in 
slowing the progression of renal disease.

Rarely, IgA disease fi rst presents as a severe rapidly 
progressing glomerulonephritis. The picture is one of an 
acute nephritis in which the creatinine level rises rapidly and 
inexorably. It is therefore clinically indistinguishable from any 
other rapidly progressive glomerulonephritis, other than by 
renal biopsy. Treatment options include various immuno-
suppressive drugs and plasmapheresis. These have not 
been subjected to controlled trials, are expensive and may 
lead to serious complications.

Haematuria 
 O Urine test sticks are highly sensitive and detect the 

smallest traces of blood.
 O For most conditions that can cause haematuria, the 

clinical signifi cance is best predicted by the quantity 
of protein present, so always test for that, too.

 O The most important test for determining the cause 
of haematuria is to check the shape of the red 
cells, ideally under phase- contrast microscopy 
(see above).

Macroscopic glomerular haematuria
The presence of distorted red cells may be due to any 
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form of glomerulonephritis, as listed above. The history of a 
simultaneous infection may suggest IgA nephropathy, while 
a recent infection points to post- streptococcal glomeru-
lonephritis. The presence of a rash, or joint involvement, 
or abdominal pain might suggest Henoch–Schönlein or 
lupus nephritis as causes, but most other types can only 
be diagnosed on renal biopsy.

Macroscopic non- glomerular haematuria
The presence of red cells with a normal biconcave appear-
ance indicates bleeding into the urine, and excludes 
glomerulonephritis as a cause. This may be due to trauma, 
but this would have to be major, because the renal tract 
is physically well protected. Minor trauma will only cause 
bleeding if the kidney is enlarged with cysts, as in adult- 
type (dominantly inherited) polycystic kidney disease, or if 
it is vulnerable due to being ectopically positioned. Urinary 
tract stones can also cause bleeding. 

The cystitis caused by a urinary tract infection or by 
Schistosoma mansoni may cause frank haematuria. These 
can be distinguished on phase- contrast microscopy of a 
fresh sample, when either bacteria or ova are easily visible. 

Although bleeding into the urine can be due to a malig-
nancy, this is rare in childhood, and is then usually from a 
Wilms’ tumour. Frank haematuria in a newborn suggests a 
renal vein thrombosis, which may be unilateral or bilateral, 
and the affected kidney is usually easily palpated.

Trauma, stones, an ectopic kidney, adult polycystic 
disease, a Wilms’ tumour and renal vein thrombosis can 
each be identifi ed by their characteristic appearance on 
ultrasound scanning. In cases for which no cause has been 
found, cystoscopy should be considered.

Microscopic glomerular haematuria
Blood may be detected in urine that looks completely clear. 
Rarely, the red cells appear normal on microscopy; these 
children should be investigated as for frank non- glomerular 
haematuria. Most children with microscopic haematuria 
have distorted ‘glomerular’ red cells. In this group, manage-
ment depends on how much proteinuria they have. Those 
with massive nephrotic- level proteinuria should be assessed 
and managed in the same way as for other children with 
nephrotic syndrome. Those with moderate proteinuria 
are likely to have a form of glomerulonephritis. The vast 
majority of children will not have any proteinuria with their 
microscopic haematuria. Investigation of this group is 
unlikely to identify a cause. If the renal ultrasound scan is 
normal, these children should be monitored annually with 
just a urine stick test and blood pressure measurement. If 
the blood disappears, follow- up may be discontinued. If 
it persists without proteinuria or hypertension developing, 
continue the annual reviews. If proteinuria or hypertension 
appears, the child needs to be investigated accordingly.

Haemolytic uraemic syndrome (HUS) 
HUS is a common cause of established (parenchymal) acute 
renal failure (see above). Children with HUS fall broadly 
into two groups, according to their pathophysiological 
mechanisms. It is important to divide them clinically into 
diarrhoea- associated HUS (D + HUS) and diarrhoea- 
negative HUS (D – HUS).

D + HUS
This is the common type, and it occurs in otherwise normal 
children, often in outbreaks or clusters of cases. It is trig-
gered by a toxin that is produced by some colonic bacteria, 
including Shigella and some strains of enteropathic E. coli. 
Infection is from ingestion of contaminated food or fl uids. 
Public health measures to identify a source of the organ-
ism are important in preventing and limiting outbreaks. 
Typically the child has several days of bloody diarrhoea, and 
then becomes pale and mildly jaundiced (from haemolytic 
anaemia), may bruise and have petechiae (from thrombo-
cytopenia), and develops oligo- anuria. A blood fi lm shows 
fragmented red blood cells and a low platelet count.

Antibiotics are not of benefi t, and may worsen the condi-
tion by causing the acute release of more bacterial toxin. 
Blood transfusion may be needed (usually when the hae-
moglobin level falls below 6 grams/dL). Platelet transfusion 
may exacerbate the condition, and should only be used in 
the face of uncontrolled bleeding. There is no evidence that 
any specifi c medication is of benefi t. Management is as for 
other children with acute renal failure (see above). Mortality 
from this condition has decreased with active management 
of fl uid and electrolyte imbalance and dialysis.

In a minority of cases, D + HUS can affect other organs, 
sometimes severely. Effects can include bowel perforations, 
pancreatitis with diabetes mellitus, and cerebral involve-
ment, with fi ts, coma and death.

The long- term outcome for children who survive the 
acute episode of D + HUS is relatively good. Most appear 
to fully recover renal function, although up to 25% have 
persistent hypertension or proteinuria. Few develop end- 
stage renal failure.

D – HUS 
This variant is very rare, and is often associated with a 
functional or actual defi ciency of factor H, so a minor trig-
ger (such as a minor viral illness) can precipitate the typical 
clinical and haematological HUS picture, but without a 
diarrhoeal prodrome. Typically, D – HUS patients fare much 
worse long term than D + HUS patients.

Confusing fi ndings
Blood may be present on stick testing without any red cells 
visible on microscopy. This indicates acute haemolysis such 
as may occur in glucose- 6- phosphate dehydrogenase 
(G6PD) defi ciency or malaria.

Large quantities of urate make the urine brick red. 
Although families may think the colour resembles blood, it is 
easily distinguished visually. Porphyria is a very rare cause of 
confusion. Ingestion of red vegetables, especially beetroot, 
causes red urine. Rarely, but this possibility must not be 
forgotten, a parent may place their own blood in a child’s 
urine, leading to unnecessary investigations. This condition 
is called fabricated or induced illness (FII). 

Urinary tract stones
Background
There is wide geographical variation in the frequency of 
stone disease, and there have been major changes in 
prevalence with time within populations. The incidence 
appears to be infl uenced by a wide range of factors, such 
as climate, race, diet, dehydration, infections and socio- 
economic status.
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Causes
There are three broad causes of urinary tract stones (which 
may coexist in individual children).

Proteus urinary tract infections 
The mechanism is twofold. The infection results in turbid 
urine containing cells and debris, and secondly Proteus 
splits urea to form ammonia, which raises the urinary pH. 
Because calcium ammonium phosphate is relatively insolu-
ble in alkaline urine, it will co- precipitate readily on to the 
urinary debris under these conditions to form thick sludge 
initially, and subsequently a stone. This explains why these 
stones take up the shape of the tract they form in (‘stag- 
horns’ in the pelvi- calyceal system, ‘date stones’ in the 
lower ureter, and round stones in the bladder). Preschool 
boys are affected much more than any other groups.

Relative dehydration and possibly dietary 
factors
The mechanisms of stone formation are probably similar to 
those for infection stones, with chemicals normally found 
in the urine reaching relatively high concentrations due to 
low urine volumes, and high dietary intake and consequent 
excretion rates of relatively insoluble chemicals.

Rare inherited metabolic conditions
These result in excessive urinary excretion of poorly soluble 
chemicals. Calcium stones are most commonly caused by 
isolated hypercalciuria (without hypercalcaemia), and more 
rarely by hypercalciuria combined with hypercalcaemia in 
hyperparathyroidism. Cystine stones are seen due to an 
inherited (dominantly or recessively) failure of the proximal 
tubules to reabsorb this amino acid. Oxalate stones may 
be due to excessive gut absorption of oxalate when the 
calcium is unavailable to precipitate it, such as with steator-
rhoea. Rarely it is also produced and excreted in excess 
due to a recessive liver enzyme defi ciency.

Presentation and diagnosis
Children may pass a stone or present with severe colicky 
abdominal pain (typically in one loin), often with frank hae-
maturia. Ultrasound scanning is a sensitive imaging tool, 
showing the front edge as a bright line, with an acoustic 
shadow thrown behind it, rather than showing the whole 
stone. Nephrocalcinosis associated with hypercalciuria is 
seen as white (echo- bright) renal pyramids.

A plain abdominal X- ray will show radio- opaque stones, 
and is thus useful for distinguishing the type. Similarly, the 
appearance of a passed stone or fragment may aid identi-
fi cation. Infection and dehydration stones are usually grey, 
and only moderately X- ray dense, and take up the shape 
of the collecting system. Calcium (white) and cystine (yel-
low) stones are very X- ray dense, may grow up to 2 cm or 

more in diameter, and are typically smooth, and round or 
oval wherever they form. Oxalate stones are yellowish- buff 
coloured and typically grow to 5 mm, with irregular spiky 
edges. A high oxalate load will result in many small stones 
rather than large individual ones.

If the type of stone is not clear from the history, chemical 
measurements can be made and compared with urinary 
creatinine measurements on an untimed ‘spot’ urine sample 
collected during the morning (but not the overnight sample). 

The upper normal limits of the ratio of the chemical x to 
creatinine concentrations, both in mmol/litre, are as follows:

 O calcium:creatinine ratio of < 0.8 
 O cystine:creatinine ratio of < 25
 O oxalate:creatinine ratio of < 0.18. 

These ratios will be normal in children with infection stones, 
or those secondary to dehydration.

Treatment
Removal of stones
Small stones may be passed spontaneously. Ureteric colic 
may be excruciatingly painful and should be treated with 
powerful opiate analgesia (see Section 1.15). Spasmolytics 
such as hyoscine butylbromide (age 6–12 years: 5–10 mg 
IV or orally; age > 12 years: 20 mg IV or orally) are some-
times used, but are often not effective. Larger stones may 
need surgical removal by open surgery or cystoscopy. 
Percutaneous nephrostomy or lithotripsy may be used 
where specialist facilities exist. 

Preventing recurrences
Infection stones should not recur in the absence of infec-
tion. Stones due to metabolic causes and those related to 
dehydration are all helped by a consistently high fl uid intake, 
but it is probably even more important to avoid episodes 
of acute dehydration (e.g. with vomiting or diarrhoea) than 
increasing daily fl uid intake.

Chlorothiazide up to 10 mg/kg twice daily reduces 
urinary calcium excretion; its dose can be titrated in hyper-
calciuria to keep the urinary calcium:creatinine ratio in the 
normal range. Furosemide should be avoided because it 
increases urinary calcium excretion.

Children with hyperparathyroidism may require 
parathyroidectomy.

In cystinuria, it is essential to maintain a lifelong high 
fl uid intake. Alkalinising the urine increases the solubility of 
cystine. Give oral sodium bicarbon ate supplements (start 
with 1 mmol/kg daily) until the urine pH is usually * 7 on 
home testing with strip test paper.

With oxalate stones due to malabsorption, treat the 
underlying bowel problem. Inherited hyperoxaluria typi-
cally leads to renal failure and widespread calcifi cation of 
soft tissue.
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5.6.B The child with vesico- ureteric refl ux

BOX 5.6.B.1 Minimum standards
 Q Ultrasound scanning.
 Q Micturating cystogram.
 Q Antibiotics: trimethoprim, nitrofurantoin, nalidixic acid.
 Q Paediatric surgery.

Introduction
Vesico- ureteric refl ux (VUR), which is the abnormal fl ow of 
urine from the bladder into the upper urinary tract, occurs 
in about 1 in 100 members of the general population and 
is more common in girls. Refl ux nephropathy is a cause 
of hypertension and chronic renal failure in children and 
young adults. 

Renal scarring is an acquired phenomenon that usually 
occurs during the fi rst few years of life, and rarely after the 
age of 5 years.

Grades of VUR (International Refl ux Study 
Group classifi cation) 
These are as follows:

 O Grade I: partial fi lling of an undilated ureter. 
 O Grade II: total fi lling of an undilated upper urinary tract. 
 O Grade III: dilated calyces but sharp fornices. 
 O Grade IV: blunted fornices and degree of dilatation 

greater than in lower stages. 
 O Grade V: massive hydronephrosis and tortuosity of the 

ureters.

Figure 5.6.B.1 illustrates the different grades of VUR.

Clinical presentation
 O VUR almost always occurs in conjunction with an asso-

ciated UTI.
 O It is rarely a cause of fl ank pain.
 O Fever is the single most important symptom for differen-

tiating children with upper tract infections (pyelonephritis) 
from those with lower tract infections (cystitis).

Investigations
The minimal acceptable standards of investigation would 
include the following:

 O ultrasonography (useful for detection of dilatation, but 
not for demonstrating scars or refl ux)

 O micturating cystourethrogram

 O investigations in siblings: VUR occurs in up to 30% of 
siblings, and families should be made aware of this.

Medical management
 O Spontaneous resolution occurs most often in the fi rst 

2–3 years after diagnosis and then at the rate of 10–15% 
per year.

 O The main goal is the prevention of ascending UTI and 
renal scarring.

The following measures should be used to prevent UTI:
 O Proper wiping techniques (girls should be taught to wipe 

their bottoms backwards, and to avoid using soap on 
the vulva if possible; they should be discouraged from 
wearing nylon knickers). 

 O Frequent voiding.
 O Avoidance of constipation.
 O Low- pressure voiding.
 O Continuous antibiotic prophylaxis, usually maintained 

for 2 years. Trimethoprim, 2 mg/kg/day, is the usual 
prophylactic agent. If breakthrough infections that are 
resistant to this occur, a suitable alternative prophylactic 
such as nitrofurantoin (1 mg/kg/day) or nalidixic acid 
(7.5 mg/kg twice daily) may be used.

In children of all ages the preferred initial treatment is medi-
cal, but they need regular follow- up. The need for surgery 
is becoming increasingly uncommon, but re- implantation 
of the ureters is occasionally necessary if the VUR is not 
resolving, is bilateral, in late presentations and in children, 
or with higher grades of VUR and with antenatally detected 
hydronephrosis.

FIGURE 5.6.B.1 The different grades of vesico- ureteric refl ux 
(VUR) according to the International Refl ux Study Group 
classifi cation.



481

Section 5.6

5.6.C Acute renal failure

BOX 5.6.C.1 Minimum standards
 Q Peritoneal dialysis. 
 Q ECG monitoring.
 Q Nebulised salbutamol. 
 Q Vitamin D with serum calcium monitoring. 
 Q Blood transfusion.
 Q Low protein and sodium diet.
 Q Furosemide.
 Q Antibiotics.

Types of acute renal failure
Acute renal failure (ARF) may be caused by a wide variety 
of insults to the renal tubule cells. Each type of ARF has a 
different management. It is therefore important to distinguish 
them clearly.

Pre- renal failure 
This is caused by poor perfusion and hypovolaemia second-
ary to gastroenteritis, septic shock, haemorrhage, burns, 
nephrotic syndrome or cardiac failure.

Established (intra- ) renal failure
Established renal failure most commonly results from more 
extreme or more prolonged versions of the same insults 
that cause pre- renal failure, leading to acute damage to 
the kidney cells. Other causes include haemolytic–uraemic 
syndrome and drug toxicity and acute rapidly progressive 
glomerulonephritis. The prognosis for recovery depends 
on the underlying cause, whether only the tubule cells are 
damaged, and whether the glomeruli are also involved. 

Post- renal failure
Acute complete obstructions of the renal tract causing 
failure of urine production are rare, but include posterior 
urethral valves, obstruction of a single kidney, bilateral 
stones and trauma.

Diagnosis and initial management of ARF
Pre- renal ARF
Pre- renal failure is essentially a reversible renal dysfunction 
due to the kidneys being under- perfused, but where the per-
fusion is still suffi cient to prevent necrosis of the renal tissue. 

The clinical diagnosis is made by recognising the signs 
of shock, the commonest of which are a delayed capillary 
refi ll time, cool peripheries, a weak pulse, and usually a 
low blood pressure. However, the blood pressure may 
also be unexpectedly high because of the powerful renin 
drive in response to hypovolaemia. An important feature is 
that the child may complain of abdominal pain (induced by 
splanchnic ischaemia as blood fl ow is diverted from the gut 
to more vital organs).

Laboratory support of the clinical diagnosis is made by 
measuring the fractional excretion of sodium (FE Na; see 
Section 5.6.A). This requires measurement of the sodium 
and creatinine concentrations in a sample of blood and 
urine. If the FE Na is less than 1% this indicates that the 
renal tubule cells are still alive, and able to respond to shock 
by reabsorbing sodium avidly. This therefore confi rms a 
diagnosis of pre- renal failure. No other tests, including 

measurements of osmolality, urinary sodium concentration 
alone, or urine microscopy, can reliably differentiate pre- 
renal from established renal failure. Ultrasound scanning 
is useful to exclude obstruction, but cannot differentiate 
pre- renal from established renal failure.

Treatment 
This consists of urgent volume expansion followed by 
furosemide. Percentage dehydration should be estimated, 
and rehydration should be with Hartmann’s or Ringer- lactate 
solution, plasma, 4.5% albumin or other similar isotonic 
fl uid or plasma substitute. Give 10–20 mL/kg as rapidly 
as possible initially, and repeat if necessary. If urine output 
does not commence after adequate volume replacement 
and furosemide, consider whether this is actually estab-
lished renal failure, and do not continue repeating fl uid 
boluses. Thereafter give Hartmann’s or Ringer- lactate 
solution to fully correct the fl uid defi cit within 2–4 hours. The 
defi cit can be estimated by multiplying the child’s weight 
by the estimated percentage dehydration. For example, a 
6 kg infant estimated to be 10% dehydrated is defi cient of 
approximately 600 mL. According to the above guidelines 
he would receive 60–240 mL of plasma or plasma substitute 
very rapidly, and the rest of the 600 mL as Hartmann’s or 
Ringer-lactate solution over a few hours.

Once rehydration has started, give furosemide 2 mg/kg 
orally or IV. If there is a urine output response to furo-
semide this will usually indicate that the renal failure can 
recover. If the blood pressure remains markedly depressed 
after rehydration, it may be due to cardiogenic shock, so 
consider administering inotropes (see Section 5.5.C). 

Established ARF
Established failure is due to acute parenchymal damage 
to the kidneys. In most cases the causes are exactly the 
same as for pre- renal failure, but an increased severity or 
duration of the insult has led to death of some of the renal 
cells. Therefore the pertinent history and clinical signs are 
usually the same as for pre- renal failure. Other cases are 
due to directly toxic effects of drugs such as gentamicin, 
or poisons to the tubular cells. Some forms of glomerulo-
nephritis may lead to ARF (see Section 5.6.A), as may the 
arteriolar disease, haemolytic–uraemic syndrome.

The laboratory diagnosis of established renal failure 
due to under- perfusion or an ischaemic insult can be made 
reliably by calculating the FE Na from a measurement of 
the sodium and creatinine concentrations in a plasma 
sample and a spot urine sample. The FE Na is typically 
greater than 2% because the damaged tubules are usually 
unable to reabsorb sodium avidly. Again, attempts to use 
other laboratory criteria are unreliable. The history, clinical 
examination and laboratory confi rmation of glomerulone-
phritis and haemolytic–uraemic syndrome are described 
in Section 5.6.A.

The most vulnerable region of the kidney is the highly 
metabolically active mass of proximal tubule cells. If these 
cells alone die from the insult, this causes acute tubular 
necrosis (ATN), which will fully recover in 2–4 weeks if the 
child is maintained in good health during that period of 
renal failure (likely to require dialysis). More severe insults 



482

International Maternal & Child Health Care

may result in damage to some or all of the glomeruli as 
well, which are in the renal cortex. Glomerular damage is 
irreversible, and acute cortical necrosis may therefore result 
in chronic or end- stage renal failure.

Fluid repletion and furosemide administration will not 
result in recovery of renal function. If an FE Na is not avail-
able to distinguish between pre- renal and established ARF, 
it is sensible to give a trial of fl uid bolus and furosemide. 
Management consists of correcting the dehydration, as for 
pre- renal failure, and thereafter careful maintenance of fl uids 
(usually restriction) and electrolyte balance and nutrition 
(restricting potassium intake) while it is hoped that some 
recovery of tubule cells will lead to recovery of kidney func-
tion. This is likely to require dialysis. If recovery is going 
to happen it is likely to have begun by 4 weeks, but can 
occur up to 2 or even 3 months later. There are no reliable 
imaging techniques for determining whether the child has 
recoverable ATN or irrecoverable cortical necrosis, but renal 
biopsy if available may distinguish between these. 

Post- renal ARF
Post- renal causes are due to obstruction to all of the urinary 
fl ow, and are uncommon. This will not occur if the fl ow from 
just one kidney is blocked (unless a single kidney is pre-
sent). Causes in a child with two kidneys include congenital 
urethral valves, or a bladder stone obstructing the urethra. 
Causes in a child with a single kidney include a ureteric 
stone, or a pelvi- ureteric junction narrowing (which is con-
genital, but often blocks intermittently and presents late).

All of these pathologies cause severe acute colicky 
abdominal pain. This is well localised in older children to 
either unilateral pain with ureteric obstruction, or lower 
abdominal pain with bladder neck obstruction. An ultra-
sound scan will reveal stones and dilatation of the urinary 
tract proximal to the site of the obstruction.

Treatment
The treatment of post- renal ARF is to remove or bypass 
the obstruction. For a bladder neck stone obstruction, 
catheterise the child. Giving pain relief with an opiate anal-
gesic may allow time for an obstructing urethral stone to 
pass, or for the intermittent blockage from a pelvi- ureteric 
junction narrowing to clear. If not, the stone may need to 
be removed cystoscopically or by ureterolithotomy, or the 
upper renal tract can be drained by insertion of a percu-
taneous nephrostomy under ultrasound guidance. Once 
removal of the obstruction has allowed the renal function 
to recover, procedures such as surgical repair of the pelvi- 
ureteric junction may be performed.

Ongoing management of persistent ARF
General management
The management of ARF consists of the provision of 
good general care for an acutely ill child, plus the specifi c 
management of fl uid and electrolyte balance, blood pres-
sure, and the adjustment of some drug dosages. In many 
instances the limitations that need to be imposed to keep 
in metabolic balance compromise the care that can be 
given in other areas.

The safe management of these children requires the 
maintenance of meticulous fl uid balance. To achieve 
this it is necessary to accurately measure all intake and 
losses. For babies, stool and urine losses are best esti-
mated by weighing their clean and dirty nappies. Insensible 

water losses need to be estimated. This is done most 
reliably by assuming it to be 300 mL/m2 in temperate condi-
tions, and higher in hotter climates and at low humidity (for 
estimation of body surface area, see Table 9.16, Section 9). 
The best guide to the overall changes in fl uid balance is to 
weigh the child twice daily.

Nutrition, fl uid and electrolyte balance
Adequate nutrition is important for recovery, but may be 
diffi cult to provide. If a child is old enough and well enough 
to eat solid food they are relatively easy to manage because 
they can obtain their requirements with little water. Aim to 
provide their normal calorie intake from carbohydrates and 
fats, and limit their protein intake to about 1 gram/kg/day 
to minimise uraemia. It is necessary to limit the salt intake 
to prevent sodium retention and hypernatraemia, which 
leads to insatiable thirst and hence fl uid overload. It may be 
necessary to provide some of the sodium as bicarbonate to 
prevent acidosis, typically at a starting dose of 1 mmol/kg/
day (note that 1 mL of an 8.4% sodium bicarbonate solution 
contains 1 mmol, and 1 gram of powder contains 12 mmol).

Dietary potassium must be restricted (avoid in 
particular bananas, tomatoes, coconut, citrus fruits or 
juices, and chocolate) to decrease the risk of hyper-
kalaemia. Dietary phosphate must be restricted (restrict 
milk and dairy products but not breastfeeding) to 
reduce the risk of hyperphosphataemia. 

Giving calcium carbonate with the food (e.g. 0.5–2 grams 
with each meal) will bind the intestinal phosphate and 
reduce hyperphosphataemia as well as reducing the ten-
dency to hypocalcaemia.

Young infants who normally take milk, and children who 
are too ill to eat solid food, or who have gastrointestinal 
involvement, will need either nasogastric tube feeding 
or intravenous nutrition. The enteral route should 
always be used if possible. However, adequate nutri-
tion has to be delivered in a relatively large fl uid volume. If 
the child has polyuric renal failure, or has high non- renal 
water losses (e.g. from diarrhoea or drain fl uids), this can 
be achieved. However, if the child is oligo- anuric it is very 
diffi cult (and often impossible) to give suffi cient nutrition 
without causing fl uid overload, which can lead to hyperten-
sion and pulmonary oedema. Concentrated fat- based oral 
feeds can be made up from ingredients such as double 
cream. Specialist parenteral nutrition solutions will 
be required if they are to be used for a child in renal 
failure.

The need for dialysis
Although severe fl uid and electrolyte restriction is pos-
sible for short periods of time while awaiting spontaneous 
recovery of renal function, it is not possible to both provide 
adequate nutrition and maintain stable water and chemical 
balance over a prolonged period in a child with oligo- anuria. 
If such a child does not start to regain renal function, they 
will die unless they are dialysed. 

The main indications for starting dialysis (where avail-
able) are as follows: 

 O Hyperkalaemia: this is discussed below.
 O Fluid overload causing pulmonary oedema and/or 

hypertension.
 O Severe metabolic acidosis: this is another important 

reason for dialysis (if available). Treatment with sodium 
bicarbonate is limited because this may lead to massive 
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sodium overload, and thus to dangerous levels of hyper-
natraemia, and to greater fl uid retention. Fluid overload 
is worsened if hypoglycaemia occurs (this needs to be 
treated with IV glucose solutions) and if other fl uids are 
required (e.g. platelets).

 O Uraemia: clinical symptoms are apparent at concentra-
tions above 40 mmol/litre, but uraemia is not as acutely 
life- threatening as hyperkalaemia or pulmonary oedema. 
It needs to be reduced by providing more non- protein 
calories.

Hyperkalaemia
Hyperkalaemia causes life- threatening arrhythmias, espe-
cially in acute renal failure, where other metabolic changes 
may exacerbate the risk (e.g. hypocalcaemia). Aim to keep 
the plasma potassium concentration below 6.5 mmol/litre 
in older children and below 7.0 mmol/litre in neonates (who 
appear to tolerate hyperkalaemia better). 

There are three pharmacological approaches to 
managing children with hyperkalaemia. 
1 Reduce the risk of it causing arrhythmias. Reduce 

the effect of hyperkalaemia by increasing the plasma 
calcium concentration. Give 0.5 mL/kg (0.1 mmol/kg) 
of calcium gluconate 10% IV.

2 Remove potassium from the body. Give calcium 
resonium 1 gram/kg orally or rectally, and repeat with 
0.5 grams/kg 12- hourly. This ion- exchange resin 
exchanges potassium for calcium. It is not well toler-
ated. If volume status and urine fl ow permit, furosemide 
will increase urinary potassium excretion.

3 Push potassium into the cells. This last option only 
results in a temporary improvement, because as soon 
as the treatment stops the potassium moves back out 
of the cells. Essentially this approach is only a holding 
treatment while a more effective therapy such as dialysis 
is prepared:

 O Give a beta- 2- adrenergic agonist, such as salbuta-
mol. Nebulise 2.5 mg for children under 25 kg, and 
5 mg for larger children, or give 4 micrograms/kg IV. 
This works rapidly, but the potassium will move back 
out of the cells within a few hours.

 O Alternatively, infuse a high concentration of glucose. 
Monitor the plasma glucose concentration and be 
prepared to infuse insulin beginning at a dose of 
0.05 units/kg/hour if it exceeds 12 mmol/litre. It is 
unsafe to mix the glucose and insulin and infuse them 
together in children, as this may cause hypoglycae-
mia. This necessitates close monitoring, an inevitable 
fl uid load, and only lasts while it is continued.

 O Bicarbonate infusions push potassium into the cells. 
A dose of 2.5 mmol/kg may be infused over 15 min-
utes. If a solution of 8.4% is used, containing 1 mmol/
mL, it will increase the plasma sodium concentration 
by approximately 5 mmol/litre very quickly, which may 
be hazardous. It is better to use a solution of 1.26% 
which is isonatraemic, but this requires that a volume 
of 17 mL/kg be infused, adding to fl uid overload.

Acute peritoneal dialysis
Indications
Children with acute renal failure can be considered for 
peritoneal dialysis if their biochemical control is not safe 

despite careful treatment (see section on management of 
acute renal failure above). Although the specifi c indications 
for initiating peritoneal dialysis vary from case to case, the 
commonest reason is a high and rising plasma potassium 
concentration (e.g. above 6.5 mmol/litre in an older child, or 
above 7 mmol/litre in a neonate). Others indications include 
a urea concentration above 40 mmol/litre, a phosphate 
concentration above 3.5 mmol/litre, or acidosis with a 
bicarbonate concentration below 12 mmol/litre, as well as 
hypertension or pulmonary oedema due to fl uid overload.

The primary underlying reason for needing to proceed to 
dialysis is usually anuria or severe oliguria. This is because 
even a moderate urine fl ow will prevent fl uid overload if the 
intake is restricted, and because it ‘makes space’ for bio-
chemically appropriate replacement fl uid. Even poor- quality 
urine contains potassium, so replacement with potassium- 
free fl uid allows a net loss. Also, urinary sodium losses 
can be replaced with IV sodium bicarbonate to counter 
acidosis, and a high infused glucose concentration will 
reduce catabolism and so minimise urea, potassium and 
phosphate production. Take advantage of all fl uid losses; 
diarrhoeal losses will ‘make space’ just as effectively as 
urine losses.

Practical techniques
PD Catheter
Ideally, a catheter with side holes should be inserted so 
that its tip lies in or near one of the iliac fossae. The ideal 
catheter is a cuffed silastic Tenckhoff which has a series of 
side holes and an end which is cut off straight, but these 
are expensive and need to be inserted through a peel- away 
sheath (usually in the midline below the umbilicus). It is pos-
sible to dialyse adequately using other more readily available 
catheters that have side holes, such as chest drains. These 
are usually inserted over a metal trocar, and have a tapered 
tip with an end hole that is considerably smaller than the 
diam eter of the tube lumen, which can lead to diffi culties 
with blockage with omentum (see below).

Insertion of catheter
 O This must be a strictly aseptic technique performed either 

under general anaesthetic, or under sedation/systemic 
analgesia (see Section 1.15) and local anaesthetic. The 
catheter may be placed directly percutaneously or with 
a subcutaneous tunnel or with full surgical procedure.

 O If the catheter is not tunnelled, to prevent fl uid leakage it 
is essential that it is inserted through the skin with a very 
tight fi t; using a larger skin hole and stitching it closed 
will inevitably result in leakage in time. Cut a skin slit that 
is obviously smaller than the tube, and stretch it with a 
surgical clip or stitch holder.

 O Before introducing the catheter, insert an IV cannula 
through the skin cut and fi ll the abdomen with about 
40 mL/kg of Ringer- lactate solution or 0.9% saline until 
the abdominal wall is fairly tense.

 O To insert the catheter through a tight hole requires some 
force, and this is best done by pushing the catheter and 
trocar tip into the dilated skin slit as far as possible, and 
then suddenly advancing it with a sharp force through 
the tense abdominal wall. Grip the catheter and trocar 
tightly about 3 cm from its tip to act as a stop as it pops 
into the abdomen (the risk of causing damage is greatly 
reduced by the presence of suffi cient instilled fl uid).

 O To further minimise the risk of trauma, it is better to 
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enter the upper quadrant lateral to the rectus sheath, 
and aim towards the opposite iliac fossa, than to use 
an infra- umbilical approach. Be aware of the possibility 
of an enlarged spleen or liver.

 O Once sited, test to check that fluid flows rapidly in 
and out, before securing with a skin stitch and sterile 
dressing.

Problems with omentum
It is common for omentum to wrap around the end of the 
catheter, and for some to enter the end hole. This slows 
or stops drainage because the omentum is sucked further 
into the lumen, but has little effect on fi lling because the 
omentum is washed back towards the catheter tip, and the 
fl uid exits through the side holes. Deal with it as follows:

 O The omentum can often be forced out by rapidly injecting 
up to 50 mL of dialysis fl uid, Ringer- lactate solution or 
0.9% saline into the catheter under pressure.

 O If this fails, withdraw the catheter from the abdomen 
using full aseptic technique. If the omentum has become 
detached, simply reinsert the catheter, and resume 
dialysis.

 O If (as usually happens) the catheter comes out with 
the omentum attached, detach it, and gently pull more 
omentum out, tie round it with an absorbable suture near 
to the skin surface, cut off the excess, and return the 
omentum into the abdomen, using the stitch to obtain 
easy purchase, and replace the catheter.

Fluid and cycles
 O Run the dialysis fl uid in through a giving set with a 

burette, and with the bag held about 1 metre above 
the patient, and leave it to dwell for 30 minutes. Allow it 
to drain by gravity through a Y- connector into a sealed 
bag for about 10–15 minutes; by then, it should have 
drained about as much as was instilled, and the fl ow 
should have stopped.

 O The osmolality of the dialysis fl uid determines the amount 
of water that is drawn off (ultra- fi ltered) during each peri-
toneal dialysis cycle, and this is adjusted by varying the 
glucose content. Typical glucose concentrations avail-
able are 1.36% (standard) and 3.86% (high- osmolality) 
bags. Start with 1.36% glucose.

 O Add heparin, 1000 units/litre, to the fl uid initially to pre-
vent any blood from the insertion clotting the catheter. 
Discontinue it once the effl uent fl uid looks clear.

 O Start with 10 mL/kg cycles of dialysis fl uid for the fi rst 
2 days. Using this small volume minimises the risk of a 
peritoneopleural leak of dialysate.

 O The fi rst cycle balances are unreliable because there is 
always a sump of fl uid left, but after that the ultra- fi ltrate 
required is the volume of fl uid that needs to be removed 
to correct any overload, plus an amount equivalent to 
the urine that would normally be passed (so just a little 
less than the normal fl uid intake).

 O If there is too little ultra- fi ltrate, increase the glucose 
concentration of the dialysate by giving some cycles of 
1.36% glucose and some of 3.86% glucose. Continue 
to review the fl uid balance, and vary the proportion of 
cycles of each strength as necessary.

 O Increase the cycle volume by 10 mL/kg every 2 days 
until tolerance occurs, or a maximum of 40 mL/kg. As 
the cycle volume increases, it is not necessary to dialyse 
so intensively. Either continue with 30- minute dwells, 

but just for part of the day (e.g. 8 hours overnight), 
or lengthen the dwells, eventually moving to chronic 
ambulatory peritoneal dialysis (CAPD), in which the fl uid 
is left in the peritoneum all the time, and exchanged four 
to six times per day.

Biochemical control
The sodium, calcium and magnesium content of the dialy-
sis fl uid is similar to that of plasma, and the fl uid contains 
lactate, which is converted to base, so is equivalent to 
bicarbonate. Cycling therefore tends to keep the plasma 
concentrations stable. Peritoneal dialysis fl uid contains no 
potassium, urea or creatinine, so these are removed.

 O Urea equilibrates rapidly, so is cleared well, allowing the 
child to have a normal protein intake.

 O Creatinine is removed slowly, so peritoneal dialysis 
never restores the plasma levels to normal. This is useful 
because creatinine is not toxic, and its plasma concen-
tration continues to provide a measure of intrinsic renal 
function and renal recovery.

 O Sometimes the dialysis required to control fl uid or urea 
excretion is suffi cient to cause hypokalaemia. If so, 
reduce the potassium dialysis clearance by adding up to 
3 mmol/litre potas sium chloride to the dialysate bags (do 
not use more than this; if the potassium concentration is 
still too low, give extra orally or intravenously).

Peritonitis
Infection is the major hazard of peritoneal dialysis, and 
produces a cloudy dialysis effl uent in the drainage bag due 
to white blood cells. Prevention is crucial, by scrupulous 
hand washing and avoiding touching the open tubing ends 
while changing peritoneal dialysis bags, and by changing 
connections as infrequently as possible.

 O Monitor constantly by inspecting the clarity of the effl u-
ent fl uid.

 O Undertake daily microscopy for white blood cells (there 
should be < 50 white blood cells/mL; see Section 8.5).

 O If the effl uent fl uid is cloudy, and microscopy confi rms 
the presence of large numbers of white blood cells (over 
100, but typically several hundred), culture a sample of 
fl uid, and start treatment at once by adding heparin (to 
stop blockage of the tube holes with fi brin) and antibiot-
ics to peritoneal dialysis bags and revert to continuous 
cycling if not still doing that. Start with vancomycin 
and ceftazidime, and adjust according to the culture 
and sensitivity results. Concentrations of antibiotics 
that may be added to peritoneal dialysis fl uid are as 
follows:

 — vancomycin, 25 mg/litre
 — ceftazidime, 125 mg/litre
 — ampicillin, 125 mg/litre
 — fl ucloxacillin, 250 mg/litre
 — gentamicin, 8 mg/litre.

 O Continue continuous cycling until a count of < 50 white 
blood cells/mL is obtained for two samples taken 
12 hours apart. Then return to previous dialysis cycles, 
adding peritoneal dialysis antibiotics for 14 days.

 O If accidental contamination occurs, such as touching 
the open dialysis catheter during a bag exchange, or 
a fl uid leak from a connection or punctured bag, add 
vancomycin and either ceftazidime or gentamicin to the 
dialysis fl uid for the next 12 hours.

 O Fungal peritonitis is diffi cult to clear. It is best to remove 
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the catheter and treat systemically until the peritonitis 
resolves.

The urine output must be measured throughout the 
procedure.

Analgesia for the procedure and throughout the dialysis 
is likely to be required.

Chronic renal failure
Background
Chronic renal failure (CRF) is more frequent in boys than in 
girls. Its commonest cause is congenital renal abnormalities 
such as dysplasia associated with severe antenatal vesico- 
ureteric refl ux, and often also with posterior urethral valves. 
It can also follow almost any form of acute renal failure.

It is relatively easy to improve the quality of life of children 
with milder forms of CRF by simple treatments, especially 
in the case of older children. In its more severe forms, CRF 
is very diffi cult to treat effectively, requiring expensive drugs 
and intensive laboratory monitoring. 

Very young children with CRF are particularly diffi cult to 
manage, as they usually have marked anorexia and failure 
to thrive. Successful treatment requires a massive family 
and medical input, highly expensive drugs, and a complex 
medical infrastructure of a kind that has only limited avail-
ability worldwide at present. Each country should have 
a specialised centre that can provide care for such 
children.

Progression of CRF
CRF tends to worsen progressively through childhood. 
This is mainly because dysplastic or damaged kidneys may 
not grow in parallel with body growth, and renal function 
becomes outstripped by demand. Deterioration is likely to 
be quicker if the child has hypertension, or has recurrent 
urinary infections with continuing refl ux, both of which 
require active treatment. 

Management
Water, sodium and potassium
Children with dysplastic kidneys usually have polyuric 
renal failure in which they lose water and salt, and often 
potassium, in an uncontrolled way. Consequently, they have 
a persistent thirst, and can become dehydrated extremely 
rapidly if they vomit persistently. They need IV fl uids early, 
particularly if there is an episode of gastroenteritis. 

Hyperkalaemia due to severe CRF occurs relatively late 
in children with polyuria.

Supplementing with sodium bicarbonate or salt, as 
needed, can improve well- being and growth. For each of 
these, start by adding about 1 mmol/kg per day. For bicar-
bonate, increase daily until the plasma concentration is in 
the normal range. The total extra sodium needed is best 
judged by measuring lying and standing blood pressures 
to detect postural hypotension; a fall in plasma sodium 
concentration is a very late event. Note that:

 O For bicarbonate, 1 mmol is equivalent to 84 mg, so 
1 gram contains about 12 mmol bicarbonate. For intra-
venous use, 8.4% bicarbonate solution contains 1 mmol/
mL.

 O For sodium chloride (salt), 1 mmol is equivalent to 57 mg, 
so 1 gram contains about 18 mmol sodium. For intrave-
nous use, each litre of 0.9% saline contains 150 mmol 

(see Table 5.5.A.2 in Section 5.5.A on ‘shock’ for details 
of electrolyte concentrations in other more physiologi-
cal infusion crystalloids, such as Ringer- lactate and 
Hartmann’s solution), and strong sterile sodium chloride 
solutions can be used to increase the sodium concentra-
tions of standard IV fl uids (e.g. a 30% solution contains 
5 mmol sodium/mL).

Children with oliguric renal failure are more diffi cult to 
manage because they require salt and water restriction to 
prevent hypertension, and potassium restriction to prevent 
hyperkalaemia. 

When dialysis is available, indications to begin this 
treatment are often multiple, and include an intoler-
able diet or fl uid restriction, and symptoms such as 
poor growth and lethargy as important factors, rather 
than just specifi c biochemical parameters. 

Calcium and phosphate
CRF can lead to abnormalities of the plasma calcium and 
phosphate concentrations, and these can cause rickets 
and hyperparathyroidism (renal osteodystrophy), which 
can result in bone pain, limb deformities, and fractures 
(especially slipped femoral capital epiphyses). The primary 
problem is phosphate retention due to a reduced glomerular 
fi ltration rate. This causes a high plasma phosphate con-
centration, which in turn leads to a low plasma calcium 
level by mass action, and by suppressing the enzyme 
1- alpha- hydroxylase, thus lowering the concentration of 
circulating activated 1- alpha- hydroxyvitamin D. A primary 
lack of 1- alpha- hydroxylase enzyme from destruction of 
kidney tissue is rare except in very severe CRF.

Treatment is therefore aimed at reducing the phosphate 
intake, either directly by dietary restriction (reducing the 
intake of meat and dairy products), or by giving calcium 
carbonate with meals. This binds with the phosphate in the 
gut, and prevents its absorption. The dose needed is very 
variable. Start at about 50–100 mg/kg, divided among the 
day’s meals, and titrate the dose (if biochemical monitoring 
is available) to keep plasma phosphate levels at the lower 
end of the normal range. This commonly also results in a 
rise in plasma calcium levels into the normal range. Because 
of this, it is seldom necessary to treat mild CRF with 
1- alpha- hydroxyvitamin D3. If it is needed, in more severe 
CRF, start with about 20 nanograms/kg once daily, and 
titrate the dose up until the plasma calcium concentration 
is normalised. It is extremely potent, and using it without 
regular monitoring can easily lead to severe hypercalcae-
mia, which can result in permanent calcifi cation of tissues, 
including the renal medullae.

Anaemia
Severe CRF leads to anaemia because the kidneys fail to 
produce enough erythropoietin. Treatment by repeated 
transfusions is unsatisfactory because blood is often scarce, 
carries infective risks, is always expensive, and eventually 
leads to iron overload. Recombinant erythropoietin (if avail-
able) should be used, after adequate iron levels have been 
achieved (folate and vitamin B12 supplementation is seldom 
required, but levels should be checked if possible). 

Growth
Many factors lead to growth failure in children with CRF.

In older children, attention to fl uid and electrolyte intake, 
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prevention of acidosis with bicarbonate supplements, and 
control of the bone biochemistry help considerably. Control 
of uraemia by encouraging a diet containing about 1 gram 
of protein/kg daily and a high carbohydrate intake will also 
contribute to good growth.

In young children, the problems are much greater. They 
are often extremely anorexic; most babies with severe CRF 
virtually do not feed, and only survive if tube fed for months 

or even years. Many also vomit excessively. Even when 
supplemented with tube feeds, very young children with 
CRF often remain small.

Transplantation
Renal transplantation (if it is available) from a living or 
deceased donor gives the best quality of life for children 
with end- stage renal failure.

5.7 Liver disorders

5.7.A Acute liver failure

BOX 5.7.A.1 Minimum standards
 Q Vitamin K.
 Q IV glucose 10%.
 Q Oxygen.
 Q Lactulose.
 Q Blood transfusions and clotting factors.
 Q Ranitidine/antacids.
 Q Antibiotics and antifungal treatment.
 Q High- carbohydrate diet.
 Q N- acetylcysteine.
 Q Measurements of prolonged blood clotting times.

Introduction
In contradistinction to fulminant liver failure in adults, acute 
liver failure (ALF) in children may not be accompanied by 
encephalopathy, which tends to be a late feature, or if it 
occurs early in the course suggests a metabolic cause.

Prolonged prothrombin time (PT) or international nor-
malised ratio (INR) indicates coagulopathy due to the 
absence of liver- synthesised coagulation factors, and is 
the basis of the defi nition of ALF. However, coagulopathy 
in the presence of liver dysfunction can also result from 
vitamin K defi ciency (usually due to prolonged cholestasis) 
and consumption of coagulation factors due to dissemi-
nated intravascular coagulation (DIC).

Defi nition
Based on the above, ALF is present in children when coagu-
lopathy accompanies liver disease but is not due to DIC or a 
lack of vitamin K (see Table 5.7.A.1). Administration of IV or 
IM vitamin K (300 micrograms/kg for children aged 1 month 
to 12 years: 10 mg for those over 12 years of age) ensures 
that remaining coagulopathy is due to failed production (liver 
failure) or excess consumption (DIC). Markers that suggest 
DIC, rather than ALF, include a low platelet count, compat-
ible blood fi lm (fragmented cells, schistocytes) and a serum 
bilirubin that is predominantly unconjugated.

Diagnosis of ALF
 O The history may establish a recent episode of shock 

including severe dehydration, sepsis or heatstroke, 
evidence of ingestion of toxic mushrooms or drugs 
(including those bought over the counter or obtained 
from any non- conventional source), or exposure to infec-
tion such as Salmonella typhimurium (see Table 5.7.A.2).

 O The possibility of bloodborne or other parenteral infec-
tion with hepatitis B up to 6 months previously should 
be explored.

 O Examination may show features of acute portal hyper-
tension with liver tenderness suggesting Budd–Chiari 
syndrome or a veno- occlusive disease, or lymphad-
enopathy suggesting malignancy. 

 O Urine should be tested for bilirubin, urobilinogen and 
reducing substances.

 O Stools should be examined for colour.
 O Tests to establish many of the causes of ALF 

require sophisticated laboratory facilities which 
may not be available.

 O The cause may be diagnosed from local epidemiology.
 O A blood fi lm and an INR or prothrombin ratio should 

be measured.
 O A full septic screen, excluding lumbar puncture 

because of coagulopathy, should be performed 
(including fungal cultures and chest X- ray).

TABLE 5.7.A.1 Clinical features of ALF

1. Nausea and vomiting is a frequent early feature.

2. Bruising, petechiae and bleeding secondary to deranged 
clotting (INR > 4 is associated with 90% mortality).

3. Jaundice with tender hepatomegaly or a liver that is 
enlarged but reducing in size in days.

4. Encephalopathy latterly complicated by features of raised 
intracranial pressure.

5. Metabolic alkalosis from failure of the urea cycle 
associated with a low serum potassium concentration.

6. Failure to maintain normoglycaemia.
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TABLE 5.7.A.2 Causes of acute liver failure

Type Cause

Infective 

Viral

Hepatitis A, B, C or D, HIV, parvovirus, herpes 
virus, enterovirus, adenovirus, echovirus

varicella, yellow fever, Lassa fever, Ebola 
virus, Marburg virus, dengue

Bacterial, 
protozoal

Leptospirosis, typhoid, malaria

Metabolic Wilson’s disease, tyrosinaemia, urea cycle 
disorders, galactosaemia, mitochondrial 
disorders, haemochromatosis, Niemann–Pick 
disease type C

Drugs Paracetamol, anti- TB drugs, halothane, 
carbamazepine, sodium valproate

Toxins Amanita phalloides, heatstroke, shock (all 
causes)

Autoimmune Anti- smooth- muscle antibodies and anti- 
liver- kidney microsome (LKD) antibodies, 
antibody- positive giant cell hepatitis with 
haemolytic anaemia

Vascular B Budd–Chiari syndrome, veno- occlusive 
disease (may follow bush tea ingestion)

Cryptogenic Non- A, non- B hepatitis

Complications of ALF
These include the following:

 O Encephalopathy and raised intracranial pressure, 
convulsions.

 O Hepatorenal syndrome.
 O High- output cardiac failure.
 O Hepatopulmonary syndrome.
 O Acid–base disturbance; initially alkalosis with hypoka-

laemia, followed by metabolic acidosis from multi- organ 
failure.

 O Gastrointestinal bleeding, including early development 
of oesophageal varices.

 O Pancreatitis.
 O Bone- marrow aplasia.
 O Sepsis, particularly Gram- negative and fungal, pulmo-

nary (including aspiration) and septicaemia.

Fluids in ALF
 O Fluids in ALF should be restricted to two- thirds of normal 

maintenance (see Section 9 Appendix). 
 O When albumin needs to be infused, the dose is 5 mL/kg 

of 20% albumin, and for fresh- frozen plasma the dose 
is 10–20 mL/kg. 

 O Do not give any potassium if the patient is anuric. 
 O Treat hypoglycaemia in the usual way (see Section 5.8.B).

Management of children with ALF
 O In the absence of liver transplantation, conservative 

management relies on liver recovery, which will occur 
in many cases of ALF, taking place before irrecover-
able damage occurs in another organ, particularly 
the brain. The best possible high- dependency care 
may improve the likelihood of this occurring.

 O Refer the child to a specialised centre if one exists in 
that country. Undertake frequent reviews and clinical 
observations and high- dependency nursing.

 O Blood tests for coagulation, electrolytes, blood glucose 
levels and blood count should be performed frequently 
(ideally 8- hourly).

 O Hypoglycaemia and hypokalaemia must be detected 
and corrected. 

 — Maintain blood glucose levels in the range 4–9 mmol/
litre using a restricted fl uid volume (two- thirds of main-
tenance) consisting of a minimum concentration of 
10% glucose (given IV or orally); 20% glucose is the 
preferred solution, but is irritant to peripheral veins 
and is best given into a central vein or, better still, if 
tolerated, orally or via a nasogastric tube.

 — A metabolic alkalosis resulting from a failure of the 
urea cycle may cause hypokalaemia as a result of a 
shift of potassium into the cells. This hypokalaemia 
can worsen encephalopathy, and should be corrected 
enterally or IV.

 O Children with encephalopathy should be nursed with 
their head elevated at 30 degrees above the horizontal 
and without neck fl exion (to decrease intracranial pres-
sure and minimise cerebral irritability). Children with 
agitated encephalopathy of grade II or III represent a 
major management problem, as they may pull out moni-
toring equipment and IV lines. Sedation will worsen 
their encephalopathy. 

 O Strict fl uid balance is essential.
 — Allowance should be made for a hot climatic environ-
ment by giving 10–20% extra fl uid, and 10% extra 
fl uid should be given for each degree of fever.

 — Strict monitoring of urinary output and fl uid balance 
is required. Aim for a urine output of not less than 

TABLE 5.7.A.3 Four grades of hepatic encephalopathy

Grade I
Irritable, inappropriate behaviour

Lethargy

Mildly depressed awareness 

Tremor or fl ap (slow wave in outstretched extended hand) 

Grade II
Aggressive outbursts, bad language

Unable to stay still

Pulling at IV cannulae, plaster, etc. 

Grade III
Mood swings

Irritable, odd behaviour

Not recognising parents

Photophobia 

Grade IVa
Mostly sleeping, but rousable

Incoherent, sluggish pupils 

Hypertonia with or without clonus and extensor spasm

Grade IVb
Absent refl exes

Irregular gasps with imminent respiratory failure

Bradycardia

Unresponsive to painful stimuli
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0.5 mL/kg/hour (determined by weighing nappies or 
measuring output).

 — Daily weights are useful if the child can be moved, and 
will allow greater precision in fl uid balance.

 O If possible and appropriate, insert a central venous line 
and aim to provide a central venous pressure (CVP) of 
6–10 cmH2O if necessary to give a normal blood pres-
sure. Increased CVP may be required to compensate for 
an increased cardiac output, or to treat the reduced car-
diac performance that is seen as liver failure progresses.

 — Patients who require inotropes despite adequate 
central venous fi lling are developing multi- organ failure 
and have a very poor prognosis.

 O Stop oral protein initially, and during recovery gradually 
reintroduce 0.5–1 gram/kg/day in oral or nasogastric 
feeding.

 O A high- energy intake, predominantly of dietary carbohy-
drate, should be promoted to prevent protein catabolism 
with an increased serum ammonia level. In the absence 
of products such as Maxijul, uncooked cornstarch may 
be used as a source of carbohydrate. It may be given up 
to 2- hourly to provide predicted energy requirements, 
and may also help to maintain normoglycaemia.

 O Lactulose, 5–10 mL two to three times a day, is given 
to produce two to four soft and acid stools per day (it 
should be omitted if diarrhoea occurs).

 O Maintain normothermia by environmental measures (but 
NOT with paracetamol, aspirin or ibuprofen).

 O Give one dose of IV or IM vitamin K (300 micrograms/
kg for children aged 1 month to 12 years: 10 mg for 
those over 12 years of age) to attempt correction of 
prolonged clotting time.

 O If there is frank bleeding (gastrointestinal or other), 
consider giving fresh blood, fresh- frozen plasma or 
cryoprecipitate at 10 mL/kg IV. 

 O A prophylactic H2- blocking agent (e.g. ranitidine 2 mg/
kg twice daily orally or IV) is given with oral antacid 
(e.g. sucralfate 250 mg four times a day for children 
aged 1 month to 2 years, 500 mg four times a day for 
those aged 2–12 years, 1 gram four to six times a day 
for those aged 12–18 years) to prevent gastric and/or 
duodenal ulceration.

 O Treat any confi rmed sepsis aggressively.
 — Broad- spectrum antibiotics, such as a cephalosporin 
plus amoxicillin, or penicillin plus gentamicin, should 
be used prophylactically.

 — Systemic fungal infection may require IV amphotericin 
(250 micrograms to 1 mg/kg/day) or oral fl uconazole 
(10 mg/kg once daily).

 — Give prophylactic oral nystatin mouthwashes 
(100 000 IU (1 mL) four times a day).

 O Manage hypotension with IV colloids and possi-
bly dopamine and nor-adrenaline infusions if 
central venous access has been obtained (see 
Section 5.5.C).

Paracetamol overdose
If paracetamol overdose is suspected or confirmed, 
N- acetylcysteine must be started immediately, whatever 
the time between the alleged overdose and the visit to 
the hospital. Histories after overdose are often misleading, 

with multiple administrations and other drugs not immedi-
ately admitted. N- acetylcysteine is given IV at 150 mg/kg 
over 15 minutes as a loading dose, then 100 mg/kg over 
12 hours, then 100 mg/kg/day as a continuous infusion 
until the INR is normal.

Prognosis for ALF
The most important prognostic parameter for ALF is meta-
bolic acidosis. Even in the presence of a very prolonged INR, 
a patient who is not acidotic will have an 80% chance of 
survival. A plasma pH of < 7.25 (if blood gas measurement 
is available) indicates a 95% risk of mortality.

Other factors that predict a poor outcome are grade 
III or IV hepatic encephalopathy and oliguric renal failure 
(usually occurring 3–4 days after onset).

Risk factors
 O Age < 2 years.
 O INR * 4 (associated with a mortality of > 90%).
 O Serum bilirubin concentration > 350 micromol/litre.
 O Grade III or IV encephalopathy.
 O Non- A non- B hepatitis.
 O Drug- induced ALF.

Poisoning or toxic reactions associated with 
the development of ALF
These include the following:

 O paracetamol 
 O mushrooms, particularly Amanita phalloides and similar 

species
 O carbon tetrachloride
 O copper
 O iron
 O halothane and other volatile anaesthetic agents
 O sodium valproate
 O carbamazepine
 O phenytoin
 O phenobarbitone
 O isoniazid
 O cytotoxic drugs
 O irradiation.

Galactosaemia
 O A defect of galactose- 1- phosphate uridyl transferase is 

revealed in the perinatal period when affected infants 
are fi rst exposed to milk feeding.

 O Infants present with vomiting, hepatitis, liver failure and 
DIC, often with septicaemia.

 O Symptoms settle within 2–3 days when feeding with 
milk is discontinued.

 O Hypoglycaemia is seen in the majority of cases.
 O Cataracts may be detected.
 O Fanconi’s nephropathy explains the presence of galac-

tose in the urine giving the characteristic ‘Clinistix 
negative, Clinitest positive’ side- room test pattern when 
the infant is receiving feeds. 

 O Management consists of the removal of galactose 
from the diet and standard management of liver failure 
and sepsis.
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5.7.B Chronic liver disease

BOX 5.7.B.1 Minimum standards
 Q Hepatitis B vaccine.
 Q Vitamin K.
 Q Fat- soluble vitamins (A, D, E and K).
 Q Cholestyramine.
 Q Specifi c nutritional support.

Introduction
The liver is anatomically strategically positioned between the 
gastrointestinal tract and the systemic circulation to perform 
its nutritional homeostatic role. Through the portal system, 

it fi lters organic and inorganic substances, microorganisms 
and their breakdown products, including endotoxins. It also 
stores and processes nutritional substrates and coordinates 
nutritional status through endocrine carrier proteins. The 
liver is therefore the major organ of nutritional homeostasis.

It can be helpful in diagnostic and prognostic terms to 
think of clinically evident liver dysfunction as having degrees 
of severity in three simultaneous dimensions: cholestasis, 
portal hypertension (with hypersplenism) and synthetic 
function (although homeostasis of ammonia and blood 
glucose levels may fi t better into this synthetic group). The 
clinical features are summarised in Table 5.7.B.1.  

Clinical symptoms and signs of chronic liver disease (CLD)

TABLE 5.7.B.1 Clinical features of CLD

Clinical feature Cholestasis Portal hypertension Cell dysfunction

Jaundice Conjugated – Mixed if severe

Pruritis + – –

Leuchonychia + – –

Fat- soluble vitamin defi ciency + – –

Xanthomas +* – –

Splenomegaly – + –

Cutaneous shunts – + +

Other cutaneous stigmata – + +

Hypersplenism – + –

Hepatopulmonary syndrome – + +

Oesophageal varices – + –

Ascites – + +

Encephalopathy – + +

Dependent oedema – – +

Malnutrition + + +

*Not in familial intrahepatic cholestasis.

Jaundice
Accompanied by dark urine and pale stools, jaundice is 
characteristic of cholestatic liver disease. The urine of 
infants should not contain signifi cant colour or stain the 
nappy, and yellow urine strongly suggests bile obstruc-
tion. Yellow sclerae suggest cholestatic jaundice but are 
diffi cult to detect in small infants, and children with deep 
skin pigmentation may have some scleral pigmentation. 
There is no substitute for personal examination of stool 
and urine, as the history can be misleading. White stool, 
or stools the colour of cream cheese or uncooked pastry, 
are clearly abnormal, whilst pale yellow, pale green or pale 
brown stools may also raise concern about liver function. 
Comparison with a stool colour chart (www.yellowalert.
org/fi le_download.aspx?id=7358) can be extremely helpful 
if there is doubt. 

Hepatomegaly
Healthy infants may have up to 2 centimetres of liver edge 
palpable below the costal margin, but the texture is soft. 

An abnormally hard texture or irregular inferior margin 
strongly suggests established liver disease with fi brosis/
cirrhosis. Changed liver conformation with prominence 
in the mid- line but an impalpable right lobe suggests 
collapse, regeneration and the development of cirrhosis. 
Tenderness of a smoothly enlarged liver suggests a rapid 
recent increase in liver size (e.g. in acute hepatitis and also 
congestive cardiac failure).

Splenomegaly
Newborns may normally have a palpable spleen tip. Later 
palpable spleen suggests splenomegaly, possibly from 
portal hypertension, but as children get older a larger 
spleen can be accommodated beneath the ribs, so the 
sign becomes less sensitive.

Coagulopathy
With cholestasis, coagulopathy results from a failure of 
absorption of suffi cient vitamin K. In infants this may present 
as haemorrhagic disease of the newborn, who should not 
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normally suffer spontaneous bleeding. Routine vitamin K 
is given to newborns in some countries. Fresh blood from 
sites such as the umbilicus or nares should always prompt 
a search for evidence of vitamin K malabsorption or liver 
disease even when jaundice seems trivial.

In liver disease and coagulopathy unresponsive to 
vitamin K, but without consumptive coagulopathy, liver 
synthetic failure must be present. The degree of coagu-
lopathy is the most sensitive index of liver impairment 
in children.

Hypoglycaemia
Hypoglycaemia may suggest a metabolic disease as a 
cause of liver dysfunction or profound failure of liver function.

Encephalopathy
More common in acute liver failure (see Section 5.7.A), 
chronic hepatic encephalopathy may be insidious, with 
educational failure, poor impulse control, bizarre behaviour 
and absences noted intermittently over months or years. 
Improvement may be associated with a low- protein diet 
reduced to 1 gram/kg/day, with lactulose to give acid 
stools and change the gut fl ora in favour of organisms 
that are less likely to produce the amines associated with 
encephalopathy.

Ascites
This is seen in advanced CLD, being a function of the bal-
ance between plasma oncotic pressure, which is mostly 
contributed by serum albumin, and hydrostatic pressure 
from portal hypertension.

Cutaneous manifestations
Pruritus, liver palms, cutaneous shunts, clubbing, white 
nails and xanthomas are well- recognised signs.

Hepatopulmonary syndrome
Progressive cyanosis occurs without lung disease, asso-
ciated with low pulmonary artery pressure. Exertional 
dyspnoea is a frequent early feature. Type 1 implies pul-
monary capillary vasodilatation and improves at least in 
part with inspired oxygen, whereas type 2 implies fi xed 
intrapulmonary shunts without a response to oxygen. 

Other presentations
Chronic liver disease may be present without detectable 
symptoms or signs. For example, chronic viral hepatitis B 
can be present for decades, proceeding to cirrhosis without 
any external evidence.

TABLE 5.7.B.2 Laboratory features of CLD

Laboratory feature Cholestasis Portal hypertension Cell dysfunction

Serum bilirubin Conjugated Normal Normal or mixed

Serum albumin Normal Normal Low

Serum cholesterol High† Normal Low

Prothrombin time/ratio Normal‡ Normal* Prolonged if severe

* Implies minor prolongation seen in portal vein thrombosis.
† Except in familial intrahepatic cholestasis types 1 and 2.
‡ If there is adequate vitamin K.

Investigations into CLD
Consider liver dysfunction according to the following three 
categories (see Table 5.7.B.2):

 O cholestasis: impairment of bile flow with a conse-
quent reduction in intraluminal bile salt concentration 
and associated conjugated hyperbilirubinaemia and 
malabsorption

 O portal hypertension (PHT) with associated hypersplen-
ism and the effects of portosystemic shunting

 O hepatocellular impairment (cell dysfunction) with 
failure of synthetic and homeostatic function, such as 
hyperammonaemia and hypoglycaemia.
Clinical fi ndings (see Table 5.7.B.1) can be interpreted 

according to this classifi cation, although some (e.g. ascites) 
are represented in more than one category. Serum albu-
min concentration refl ects liver synthetic function but also 
depends on nutritional status and losses (e.g. via the 
gastrointestinal tract or kidneys). Thus it is necessary to 
consider all clinical features supported by basic laboratory 
parameters when possible to evaluate the severity of liver 
disease.

A precise diagnosis of the various causes of CLD is often 
not possible without specialised and expensive investiga-
tions, yet use of the above clinical assessment may allow 
a general if unconfi rmed diagnosis.

Outcome of CLD
Although CLD can often only be cured in specialised cen-
tres in countries where transplantation is available (costs 
are over $120 000 per case), much can be done to relieve 
suffering in children with CLD, and most notably Wilson’s 
disease can be treated successfully for US$1–2 per day 
depending on the patient’s size and age.

Cholestatic CLD: diagnosis and 
management
Cholestasis is most frequently seen as a complication of 
the neonatal hepatitis syndrome. The commonest defi ned 
diagnosis is biliary atresia, an obliterative infl ammatory 
condition of the intra-  and extrahepatic biliary system 
exclusive to the perinatal period. Infants typically present 
with jaundice, pale stools and dark urine. If left untreated, 
biliary atresia progresses to biliary cirrhosis and death 
from complications of decompensated liver function within 
2 years in 95% of cases. It is the commonest individual 
cause of severe liver disease in childhood in all populations, 
occurring in 1 in 9000 to 1 in 16 000 live births.

Causes of cholestatic CLD that are rare and diffi cult to 
treat include the following:

 O Alagille syndrome: a condition characterised by 
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TABLE 5.7.B.3 Basic investigations in liver disease

Investigation Role

Serum bilirubin, total and conjugated Conjugated bilirubin is elevated in cholestasis

Unconjugated bilirubin is elevated in hepatocellular injury

Urine bilirubin Present in cholestasis

Serum aspartate aminotransferase, alkaline

phosphatase, gamma- glutamyl transpeptidase

Elevated in hepatocellular injury plus cholestasis

Serum sodium, potassium, urea, creatinine, albumin and glucose Hepatocellular injury

Full blood count, prothrombin time or INR Coagulopathy in liver failure and in cholestasis from vitamin K 
malabsorption

Hepatitis A antigen, toxoplasma, rubella, herpes, CMV, syphilis 
antibodies

Congenitally acquired infection

Serum total protein and immunoglobulins Abnormal in autoimmune disease

Alpha fetoprotein Elevated in liver tumour

X- ray of spine, cardiac Alagille syndrome, dextrocardia rarely in biliary atresia

Ultrasound scanning Biliary, portal and parenchymal abnormalities

Eye review for Kayser–Fleischer rings and embryotoxon Wilson’s disease, Alagille syndrome

cholestasis of variable severity associated with syn-
dromic features.

 O Progressive familial intrahepatic cholestasis (PFIC): 
a series of clinical syndromes of cholestasis representing 
impairment of bile salt transport or handling that may 
present as neonatal giant -cell hepatitis or drug- or viral-
induced cholestasis.

 O Neonatal sclerosing cholangitis: a rare condition 
which may mimic biliary atresia, although stools may 
show variable pigmentation.

The consequences of cholestasis include pruritus. This is a 
particularly troublesome symptom, resulting in disruption for 
the whole household, especially at night. Persistent scratch-
ing can be complicated by secondary infection of broken 
skin and bloodstaining of clothes and bedclothes. Early 
onset, before 7 months of age, implies profound cholestasis 
and a poor prognosis. Treatment is often diffi cult. First- line 
management is with cholestyramine, at a starting dose 
of 1 gram/day for under 1 year olds, 2 grams (sachets)/
day for children under 6 years, or 4 grams (sachets)/day 
for those over 6 years, up to 6 sachets/day according to 
response, but not given within 4 hours of vitamins or other 
medicine, Second- line treatment is rifampicin, 2–4 mg/kg 
(maximum 300 mg) twice daily, and third- line treatment is 
ursodeoxycholic acid, 5–10 mg/kg two to three times a 
day up to 15 mg/kg two to three times a day.

Fat- soluble vitamin defi ciencies (A, D, E and K) are fre-
quently encountered in cholestasis unless patients receive 
prophylactic treatment. Clinical features of rickets, such as 
splayed epiphyses, especially swollen wrists, rickety rosary 
and craniotabes should be sought regularly. Metabolic bone 
disease should, if possible, be screened for by measure-
ments of serum phosphate, calcium and parathormone 
levels and regular wrist X- rays. Prothrombin time or INR 
should be measured to ensure adequate vitamin K repletion.

Vitamin A replacement is 5000–10 000 units per day 
or 100 000 units by deep IM injection every 2 to 4 months. 
Vitamin D defi ciency may be refractory to oral calciferol 
(vitamin D2) tablets or cholecalciferol (vitamin D3), but 
10 000–25 000 units (250 micrograms) for 1–12 years and 

10 000–40 000 for 12–18 years per day of either may help. 
More water- soluble preparations such as 1- alpha- calcidol, 
15–30 nanograms/kg for 1 month to 12 years and 250–
500 nanograms for 12–18 years once daily, are more 
effective. They may also cause hypercalcaemia. 
Vitamin E defi ciency is associated with hypotonia, peripheral 
neuropathy, developmental delay and haemolysis, and is 
the most frequently encountered vitamin defi ciency in liver 
disease. The dose of vitamin E for all age groups is initially 
100–200 mg/day adjusted according to response up to 
200 mg/kg once daily, to increase until normal plasma levels 
are maintained. Vitamin K replacement for infants orally is 
1 mg/day, and for children it is 5–10 mg/day.

Nutritional management applies to all three categories 
of CLD, and is discussed below.

Portal hypertension (PHT): diagnosis 
and management
The complications of portal hypertension can be divided 
into:

 O those related to the increased pressure (e.g. enteropa-
thy, hypersplenism)

 O those related to the anatomy of any collateral circulation 
(e.g. bleeding varices, haemorrhoids)

 O those related to the effects of substances bypassing the 
liver by porto- systemic shunting (e.g. hepatic encepha-
lopathy, hepatopulmonary syndrome, porto- pulmonary 
syndrome, hepatorenal syndrome). In this group compli-
cations may increase as shunting increases and portal 
pressure then falls.

The aetiology of PHT has conventionally been divided into 
the following:

 O pre- hepatic causes, including portal vein thrombosis 
and other congenital and acquired portal vein anomalies, 
including arterioportal fi stulae

 O hepatic causes, including all causes of cirrhosis, espe-
cially cystic fi brosis and other biliary diseases, congenital 
hepatic fibrosis, and causes of non- cirrhotic portal 
hypertension, including portal vein sclerosis
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 O post- hepatic causes, including hepatic venous outfl ow 
obstruction such as Budd–Chiari syndrome, various 
causes of veno- occlusive disease and problems of 
inferior vena caval fl ow or right heart function; particu-
larly diffi cult to detect are constrictive pericarditis and 
IVC webs.

Treatment of bleeding varices

BOX 5.7.B.2 Minimum standards: oesophageal 
varices

 Q Vitamin K.
 Q Blood transfusion (ideally fresh blood) and blood- clotting 

factors (if available).
 Q Propranololol.
 Q Antacids (aluminium hydroxide or magnesium 

carbonate).
 Q Ranitidine.

Acute management
1 Advise the parents not to panic, but to stay with the 

child. 
2 Unless the CLD is very advanced, or the child is vitamin K 

defi cient, the bleed will probably stop spontaneously, 
although the child may be shocked by that time.

3 Give oxygen by face mask.
4 Gain IV access and obtain cross- matched blood if 

possible. Resuscitation with 10–20 mL/kg boluses of 
Ringer- lactate or Hartmann’s solution is appropriate in 
the acute situation while waiting for blood for transfusion.

5 Give IV vitamin K slowly over 5 minutes 250–300 micro-
gram/kg up to a maximum of 10 mg (or 1 mg for children 
under 1 year; 3 mg for those aged 1–4 years; 5 mg for 
those aged 5–12 years; 10 mg for those over 12 years). 
Repeat according to the results of clotting studies. 

6 Start antacids (see below).
7 Arrange skilled endoscopy with sclerotherapy or banding 

(if available).

Prevention
 O Propranololol is benefi cial as primary and secondary 

prophylaxis for variceal bleeding, particularly when given 
early in the course of PHT. Give 500 micrograms/kg 
orally twice daily (adjust according to the heart rate; aim 
to reduce the rate by up to 25%). Around 30% of patients 
who receive propranololol have side effects, including 
wheeze and systemic vasoconstriction.

 O Antacids. If there is a tendency to diarrhoea, use alumin-
ium hydroxide (children aged 6–12 years: 5 mL three to 
four times a day between meals; children over 12 years: 
10 mL three to four times a day). If there is a tendency 
toward constipation, use magnesium carbonate in the 
same dosage. The two may be used in combination.

 O Avoid aspirin, ibuprofen and other gastric irritants. 
 O H2- receptor antagonists are of no proven value but are 

often used (ranitidine 1 mg/kg for 1–6 months, 2–4 mg/
kg 6 months to 12 years, 150 mg 12–18 years ALL 
twice daily).

Hepatocellular liver disease: diagnosis 
and management
Chronic viral hepatitis B, C and D
Hepatitis B
Millions of children worldwide are infected with hepatitis B 
virus (HBV), and many ultimately die in adulthood from its 
complications, particularly decompensated cirrhosis and 
hepatocellular carcinoma. The population prevalence may 
exceed 10%, making HBV a major international public 
health problem. Spread may occur vertically at the time of 
birth or shortly afterwards, but also horizontally, especially 
in poor communities. Unlike HIV infection, surface contact 
with very small amounts of infected blood (e.g. as a result 
of sharing toothbrushes) can result in infection. A neonate 
exposed to HBV for the fi rst time has more than a 90% risk 
of becoming chronically infected, a child has a 25% risk, 
and an adult has a 10% risk.

Risk factors associated with the development of cirrho-
sis and hepatocellular carcinoma include eAg+, a high level 
of HBV DNA, and male gender. Once infected, children have 
about a 15% probability per annum of reducing a high- risk 
state to a low- risk state as defi ned by eAg/antibody status.

Vaccines based on the antigenicity of the S Ag are highly 
effi cacious in generating antibody response and providing 
protection. Protocols that involve three subcutaneous 
immunisations given at 0, 1 and 6 months give adequate 
antibody levels in 95% of individuals. In neonates, vacci-
nation with the same dose, or half the dose for economy, 
at birth, 1 month, 3 months and 1 year achieves similar 
protection. Up to 5% of individuals will not mount an anti-
body response despite repeated vaccination, but it is not 
clear whether they all fail to develop immunity. As implied 
above, all neonates of HBV- positive mothers should receive 
a course of vaccine, irrespective of the mother’s eAg/
antibody status, as infants of S Ag+/e Ab+ mothers may 
develop fatal liver failure.

The WHO has recommended universal HBV vaccina-
tion. If such a policy was to be implemented it is highly 
likely that HBV would become a rare disease of children 
within less than 10 years, with a corresponding reduction 
in cirrhosis and hepatocellular carcinoma in one generation, 
representing one of the current great unseized opportunities 
of international public health.

Hepatitis C
Hepatitis C virus (HCV) was responsible for at least 90% of 
post- transfusion hepatitis in early US studies. Around 5% 
of sexual partners may become infected. Around 4–5% of 
infants of viraemic mothers may become infected. The risk 
is related to the level of maternal viraemia, with HIV- positive 
mothers having the highest HCV viral loads and the highest 
risk of transmission. HCV is also a small but signifi cant risk 
for healthcare workers.

Following exposure, viraemia in HCV occurs within 
7 days, with antibody positivity appearing from 21–28 days. 
Less than 10% of affected individuals adequately remove 
the virus, and the remainder progress to chronic liver dis-
ease. The rate of progression to cirrhosis is unclear, but 
factors such as liver iron content, alcohol consumption 
and other viral infections (including hepatitis A) contribute. 
Around 5% of adults with HCV develop cirrhosis each year. 
The median timescale for developing cirrhosis in HCV is 
probably of the order of four decades. 
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Hepatocellular carcinoma is a recognised complication 
of HCV and cirrhosis, following the latter by 5–15 years 
typically. Treatment is becoming rapidly more effective, 
including that for the more resistant genotypes I and IV. 
Children should be treated after the age of 5 years in order 
to avoid the neurotoxic effects of interferon.

Wilson’s disease
This is an autosomal- recessive disorder caused by the 
accumulation of copper in the liver, brain, eyes, kidney and 
bone. The prognosis depends on the speed of diagnosis. 
Treatment with a low- copper diet and penicillamine is highly 
successful if started well before the onset of liver failure.

Drugs and the liver
Drugs are a major cause of liver dysfunction. Over 600 drug 
hepatopathies have been documented; common examples 
are given below. Drug clearance may be reduced in liver 
disease, and liver disease increases the risk of drug injury 
to the liver.

Acute/subacute hepatocellular toxicity is caused by 
paracetamol, aspirin, ibuprofen, iron, isoniazid, sodium 
valproate, carbamazepine, methotrexate and ketoconazole.

Cholestasis is caused by rifampicin, penicillins, eryth-
romycin, oestrogens and anabolic steroids.

Progressive fi brosis is caused by azathioprine.

HIV and the liver 
HIV is known to be associated with worsening of hepatitis 
due to other conventional causes and cholangiopathy, 
probably related to ascending infection with low- grade 
organisms such as Cryptosporidium or cytomegalovirus 
(CMV) infection (see Section 6.2.D). Hepatitis due to a con-
ventional cause, especially CMV, may be particularly severe 
or progressive when associated with a low CD4 count.

Metabolic liver diseases
These are rare and diffi cult, if not impossible, to treat with-
out liver transplantation or expensive diets. Advice from a 
specialist unit should be sought.

The management of nutrition in CLD
Malnutrition is a serious consequence of CLD. Thin limbs 
and a prominent abdomen are frequently seen, and mal-
nutrition will be evident in anthropometric measurements. 
Triceps skinfold thickness tends to become reduced earlier 
in the course of progressive disease, followed by a reduction 
in mid upper arm circumference (MUAC). Stunting tends 
to occur later, unless severe rickets is present. Weight is 
affected by fl uid balance abnormalities and organomegaly, 

and is therefore an insensitive indicator of nutritional state. 
Lean body mass, and skeletal muscle in particular, is prone 
to depletion as a result of progressive liver disease.

Anorexia is attributed to organomegaly or pressure 
effects of ascites, but may be equally due to a congested 
gastric mucosa or reduced gastrointestinal motility of 
portal hypertension or central effects of unidentifi ed tox-
ins. Malabsorption of long- chain fats, including those 
with polyunsaturated fatty acids (PUFAs), is dependent 
on intra- luminal bile acid concentration. Cholestasis may 
result in the intra- luminal bile acid concentration falling 
below that required for micelles to be formed. The result-
ing steatorrhoea creates faecal energy loss, but also risks 
essential fatty acid defi ciency, with possible neurodevel-
opmental consequences, particularly in early life. Protein 
malabsorption may also result from functional pancreatic 
insuffi ciency with failure of protease activation by bile acids. 
Malabsorption may also result from bacterial overgrowth 
or other unspecifi ed effects of portal hypertension; for 
example, congestion of the gut may cause impaired active 
or passive absorption.

Thus malnourished children with liver disease have 
high energy expenditure for their size. Target energy intake 
should be estimated from what the child’s current weight 
for age should be.

Breast milk contains more PUFAs than typical formula 
milks. PUFAs are long- chain fats that are dependent on 
intraluminal bile acids for absorption, and are essential for 
normal cell membranes and for myelination, particularly in 
infancy. Breastfeeding is therefore important in children 
with CLD.

Treatment with intensive enteral feeding and high- dose 
enteral or parenteral vitamins can improve the quality of 
life of children who have malnutrition from their liver disease. 
In the absence of specialist feeds, a modular feed may be 
prepared using protein powder, carbohydrate polymer, MCT 
oil and long- chain fat oil, preferably with essential fatty acids 
from walnut oil or another similar source, to provide 4% of 
fat. Up to 4 grams/kg/day of protein, and 100–140 kcal/
kg/day of energy, of which two- thirds is from carbohydrate 
and one third is from lipid as MCT, is an ideal target range.

Commercial liver formulas are extremely expensive, and 
their effect on the outcome of the liver disease is unproven. 
In the absence of the supplements described above, pro-
prietary baby formula can be enriched with locally available 
oils and starches to give 140 kcal/kg/day, with half of the 
total formula energy as lipid and half as starch. Remember 
that if commercial formula is given at an increased con-
centration to increase protein intake, the electrolyte intake 
will increase proportionally, with a risk of sodium overload 
and fl uid retention.
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5.8 Endocrine disorders

5.8.A Diabetes

BOX 5.8.A.1 Minimum standards
 Q ABC resuscitation skills and equipment.
 Q Oxygen.
 Q IV 0.9% saline or Plasma- Lyte 148. 
 Q Insulin.
 Q Potassium.
 Q Mannitol or 3% saline.
 Q ECG monitoring.

Diabetic ketoacidosis
Diabetic ketoacidosis (DKA) is the commonest endocrine 
emergency that may occur in individuals with previously 
diagnosed diabetes, but should be suspected in any child 
with:

 O dehydration (diarrhoea is not the only cause)
 O abdominal pain
 O ketone smell on the breath
 O acidosis
 O acidotic breathing
 O unexplained coma.

A child with DKA may die from inhalational pneumonia, 
hypokalaemia, severe metabolic acidosis or cerebral 
oedema. Cerebral oedema is unpredictable, occurs more 
frequently in younger children and those newly diagnosed 
with diabetes, and has a mortality of around 80%. 

These guidelines are intended for the management 
of children who are more than 3% dehydrated and/or 
vomiting and/or drowsy and/or clinically acidotic.

Children who are 3% dehydrated or less and not 
clinically unwell usually tolerate oral rehydration and 
subcutaneous insulin.

Every unit should have a written policy for the care 
of children with DKA. The following guidance is adapted 
from that provided by the British Society for Paediatric 
Endocrinology and Diabetes (BSPED) (www.bsped.org.
uk/clinical/docs/DKAGuideline.pdf).

Emergency management of children who are 
over 3% dehydrated and clinically unwell
General resuscitation: A, B, C

 O Airway: ensure that the airway is patent, and if the 
child is comatose consider inserting an oropharyngeal 
airway. If they are comatose or suffering from recurrent 
vomiting, insert a nasogastric tube, aspirate and leave 
on open drainage.

 O Breathing: give 100% oxygen. Give bag- and- mask 
ventilation if the child is apnoeic or hypoventilating.

 O Circulation: insert an IV cannula and take blood samples 
(see below). Only if the child is shocked (tachycardia 

with poor capillary fi lling or hypotension) give 10 mL/kg 
0.9% saline or Plasma- Lyte 148 solution as quickly as 
possible, and repeat as necessary up to a maximum 
of 30 mL/kg. Note that normal (0.9%) saline causes a 
hyperchloraemic acidosis because of its excess of the 
chloride anion. In patients who are acidotic because of 
diabetes, Plasma- Lyte 148 may be preferable, as it does 
not contain such a high concentration of chloride ions. 

Confi rm the diagnosis
 O History: polydipsia, polyuria.
 O Clinical signs: acidotic respiration, dehydration, drowsi-

ness, abdominal pain/vomiting.
 O Biochemical investigations: high blood glucose levels on 

fi nger- prick or venous blood test, presence of ketones 
or glucose in the urine.

Investigations
 O Weigh the child. If this is not possible because of their 

clinical condition, use the most recent clinic weight as 
a guideline, or an estimated weight from centile charts.

 O Blood glucose concentration.
 O Urea and electrolytes (if plasma bicarbonate is not avail-

able, measure arterial blood gas).
 O Packed cell volume (PCV) and full blood count.
 O Blood culture.
 O Urine microscopy, culture and sensitivity. 
 O Set up a cardiac monitor to observe T waves (hypoka-

laemia causes fl at T waves and may cause cardiac 
dysrhythmias; hyperkalaemia causes peaked T waves).

 O Other investigations (e.g. chest X- ray, CSF, throat swab, 
etc.) if indicated if the child is febrile, as there may be an 
underlying infection.

Assessment
Assess and record the following in the child’s notes, so that 
comparisons can be made by others later:

 O Degree of dehydration:
 — < 3%: dehydration is only just clinically detectable.
 — 3–5%: dry mucous membranes, reduced skin turgor.
 — 5–8%: as above with sunken eyes, poor capillary 
return.

 — > 8%: with shock – severely ill with poor perfusion, 
thready rapid pulse, reduced blood pressure.

 O Conscious level:
 — Assess the AVPU score (Alert, responds to Voice, 
responds to Pain, Unresponsive).

 — Institute hourly neurological observations. If less 
than Alert on admission, or there is any subse-
quent deterioration, record the Glasgow Coma Scale 
score (see Section 7.3.C) and transfer the child to a 
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high- dependency- care unit (if available). Consider 
instituting cerebral oedema management.

 O Full examination, looking in particular for evidence of 
the following:

 — Cerebral oedema: irritability, slow pulse, high 
blood pressure and papilloedema. Examine the 
fundi: papilloedema is a late sign.

 — Infection: look for a focus. DKA can cause a leuco-
cytosis but not a fever.

 — Ileus.
 O Observations to be carried out (ensure that full instruc-

tions are given to the nursing staff):
 — Strict fl uid balance and urine testing of every sample 
for glucose.

 — Hourly capillary blood glucose measurements.
 — Twice daily weights.
 — Initially hourly or more frequent neurological 
observations.

 O Report immediately to the medical staff (even at 
night) symptoms of headache or any change in either 
conscious level or behaviour.

 — Report any changes in the ECG trace, especially 
T- wave changes.

Management 
By this stage, the circulating volume should have been 
restored if shock was initially present. If not, give a further 
10 mL/kg of 0.9% saline or Plasma- Lyte 148 over 30 min-
utes. Avoid overzealous fl uid replacement, as this may be 
a risk factor for cerebral oedema. 

Estimating fl uid requirements
The amount of fl uid that the child needs over a 24- hour 
period must be calculated. It is the sum of: 

estimated fl uid defi cit + maintenance requirements 
+ ongoing losses.

Defi cit
In DKA the defi cit must be replaced more slowly than 
in gastroenteritis, over 48 hours rather than 24 hours. 
Even in very severe dehydration, use no more than 
10% dehydration as the maximum in your calculations. 
Document the fl uid balance carefully.

Determine the degree of dehydration, and never esti-
mate more than 10% dehydration in this situation.

Weigh the child, or else estimate their weight from their 
age as follows:

weight (kg) = 2 × [age (years) + 4]).

Use the following formula: percentage dehydration × 
weight (kg) × 10 = defi cit (in mL).

For example, a child whose weight is estimated to be 
10 kg is 10% dehydrated.

Their estimated fl uid loss is 10 × 10 × 10 = 1000 mL 
(40 mL/hour if replaced over 24 hours or 20 mL/hour if 
replaced over 48 hours, which is safer in DKA.

Maintenance

TABLE 5.8.A.1 Estimated maintenance fl uid requirements based 
on child’s body weight

Body weight Volume of fl uid 
needed per day 

Volume of fl uid 
needed per hour

First 10 kg of body 
weight

100 mL/kg 4 mL/kg

Second 10 kg of 
body weight 

50 mL/kg 2 mL/kg

Subsequent kg 20 mL/kg 1 mL/kg

Ongoing losses

For each 
diarrhoea stool 

< 2 years old: give 50–100 mL

> 2 years old: give 100–200 mL

For each vomit 2 mL/kg oral rehydration solution (ORS): 
give small frequent volumes (e.g. 5 mL/
minute in a child) via a spoon, syringe or 
cup

For nasogastric 
tube aspirates

Replace volume for volume with either 
ORS or 0.9% saline or Plasma- Lyte 148 
containing 5% or 10% glucose

Type of fl uid
Initially use 0.9% saline or Plasma- Lyte 148. Once the blood 
glucose concentration has fallen to 14 mmol/litre, change 
the fl uid to 0.9% saline or Plasma- Lyte 148 containing, in 
addition, 5% glucose and 20 mmol KCl per 500- mL bag. 

Expect the sodium concentration to rise initially as 
the glucose level falls and water is removed from the 
circulation.

Cerebral oedema may be related to a plasma sodium 
concentration that falls or does not show the expected rise 
as glucose levels fall. 

Electrolytes
Bicarbonate
Bicarbonate is rarely, if ever, necessary. Continuing acidosis 
usually indicates insuffi cient resuscitation. Bicarbonate 
should only be considered in children who are profoundly 
acidotic (pH < 7.0) and shocked with circulatory failure. Its 
only purpose is to improve cardiac contractility in severe 
shock. The maximum volume of 8.4% sodium bicarbonate 
for half- correction of acidosis is calculated according to the 
following formula, and given over 60 minutes:

Volume (mL) of 8.4% sodium bicarbonate = 1/3 × weight 
(kg) × base defi cit (mmol/litre) divided by 2.

If no blood gas measurement is available, do not give 
bicarbonate unless the child is in profound shock.

Potassium
 O Commence potassium immediately unless anuria is 

suspected, or there are peaked T waves on the ECG, 
or the serum potassium concentration is higher than 
7.0 mmol/litre.

 O Potassium is mainly an intracellular ion, and there is 
always massive depletion of total body potassium, 
although initial plasma levels may be low, normal or 
even high. Potassium levels in blood will fall once insulin 
is commenced.

 O Add 20 mmol KCl to every 500 mL unit of IV fl uid given.
 O Check urea and electrolytes 2 hours after resuscitation 
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is commenced and then at least 4- hourly thereafter, 
and alter potassium replacements accordingly (more 
potassium is sometimes needed).

 O Use a cardiac monitor to observe frequently for T- wave 
changes, and alert nursing staff to any changes that 
might be seen, and advise them when to call for medi-
cal help.

 O If potassium- containing fl uids are not available, start 
insulin (see below) after 1–2 hours of rehydration, 
and arrange transport to a unit that can provide 
this (if available).

Insulin
Once fl uids are running, calculation of the insulin infusion 
rate may be undertaken at leisure, as the blood glucose 
levels will already be falling. Continuous low- dose IV infusion 
is the preferred method.

However, if a syringe pump is not available or not safe 
to use after at least 1 hour of rehydration treatment give 
subcutaneous boluses of short- acting insulin 1-  to 2- hourly 
at 0.1 unit/kg/dose. Give half the dose if the blood glucose 
level is falling too fast. 

There is no need for an initial bolus, and some evidence 
that insulin should not be given during the fi rst hour of IV 
fl uid treatment.

If an infusion system is available and safe to use, make 
up a solution of 1 unit/mL of human soluble insulin (e.g. 
Actrapid) by adding 50 units (0.5 mL) of insulin to 49.5 mL 
of 0.9% saline in a syringe pump. Attach this using a 
Y- connector to the IV fl uids that are already running. Do not 
add insulin directly to the fl uid bags. The solution should 
then run at 0.1 unit/kg/hour (0.1 mL/kg/hour).

Once the blood glucose level is down to 14 mmol/litre, 
change to 5% glucose in 0.9% saline (add 50 mL of 50% 
glucose to a 500 mL bag of saline) and potassium as above. 
Do not reduce the insulin infusion until the pH is > 7.3 and 
the glucose concentration is < 14 mmol/litre, when it may 
safely be reduced to 0.05 mL/kg/hour.

If the blood glucose level falls below 7 mmol/litre, con-
sider adding extra glucose to the infusion.

If the blood glucose level rises out of control, re- evaluate 
the patient (check whether there is sepsis or some other 
condition). Then: 
1 Check that the insulin syringe pump is connected and 

working. 
2 Make up a fresh solution of insulin, preferably using a 

new source of insulin in case the original one is dena-
tured, and consider starting the whole protocol again.

Frequent sips of oral rehydrating fl uid or nasogastric fl uid 
up to 5 mL/kg/hour may be used as a substitute in the 
immediate initial period while arranging transport. Once the 
blood glucose level is < 14 mmol/litre, more glucose may 
be required (e.g. fruit juice if tolerated).

Remember that you must have glucose ready to 
treat hypoglycaemia (5 mL/kg of 10% dextrose).

Continuing management
Output

 O Urinary catheterisation should be avoided, but may be 
useful in a critically ill child with impaired conscious-
ness. With or without catheterisation, documentation 
of fl uid balance, if necessary by weighing nappies, is of 
paramount importance.

 O Measure accurately and test all urine samples for glu-
cose and ketones.

 O Record all fl uid input (even oral fl uids).
 O If a massive diuresis continues, fl uid input may need to 

be increased.
 O If large volumes of gastric aspirate continue, replace 

them IV with 0.45% saline plus 10 mmol/litre KCl.

Laboratory results
Check biochemistry, blood pH and laboratory blood glucose 
levels 2 hours after the start of resuscitation, and at least 
4- hourly thereafter.

Review the fl uid composition and rate according to 
each set of electrolyte results. If acidosis is not correcting, 
resuscitation may have been inadequate, in which case 
consider giving more 0.9% saline or Plasma- Lyte 148. 
Consider sepsis as a cause of persistent acidosis. Consider 
antibiotic treatment.

Insulin management
Continue to give IV fl uids until the child is drinking well 
and able to tolerate food. Do not expect ketones to have 
disappeared completely before changing to subcutane-
ous insulin. Discontinue the insulin infusion 60 minutes 
after the fi rst subcutaneous injection in order to avoid 
rebound hyperglycaemia.

Cerebral oedema in DKA
Signs and symptoms of cerebral oedema

These include the following:
 O headache
 O irritability
 O seizures
 O increasing blood pressure and slowing pulse
 O confusion
 O reduced conscious level
 O small pupils
 O possible respiratory impairment.

Management
 O Exclude hypoglycaemia as a cause of neurological 

symptoms.
 O Give mannitol 500–1000 mg/kg immediately (2.5–5 mL/

kg 20% mannitol over 15 minutes). Alternatively, give 3% 
saline 5 mL/kg over 5–10 minutes. Give this as soon as 
cerebral oedema is suspected.

 O Restrict IV fl uids to two- thirds maintenance, and 
replace the defi cit over 72 hours rather than 48 hours.

 O Keep Na+ levels > 135 mmol/litre. Keep the head in 
the midline and 30 degrees elevated. 

 O Avoid fever > 38.0°C.
 O Repeated doses of mannitol or strong saline (at the 

dose stated above, every 2–4 hours) should be used 
to control intracranial pressure.

Care of the newly diagnosed diabetic child
After treatment of DKA in the newly presenting but well 
diabetic child, the process of education and treatment 
should commence. It is not feasible to stabilise the child’s 
control or to teach all aspects of diabetic care while they 
are an inpatient, so ideally (if resources permit) this should 
take place at home, although some authors advocate a 
prolonged initial admission for this process.
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Ensure that the parents and the child (if he or she is 
able to do so) understand or can perform the following:

 O insulin administration
 O urine testing for ketones
 O blood testing
 O dietary measures
 O other general issues.

Insulin
Draw up the specifi ed dose of insulin correctly. As a rough 
guide, a new patient will need approximately 0.5 unit/kg/
day.

The frequency and choice of insulin depends entirely on 
local resources. This may mean twice daily medium- acting 
insulin alone (60% in the morning, 40% in the evening), or 
medium- acting insulin mixed together with short- acting 
soluble insulin (usually in a 30% short/70% long ratio). If 
newer analogue fast- acting insulins are available, these may 
be given before every meal in an initial dose of 1 unit for 
every 20 grams of carbohydrate eaten, with a longer- acting 
insulin (40% of the total daily dose) given before bedtime. 

It is very rarely possible to achieve adequate control with 
a single daily dose of insulin except in very small children. 
However, once- daily medium- acting or pre- mixed insulin 
should be seen as a minimum fallback position if availability 
of insulin is a problem. Likewise, although it is common 
practice to use human or genetically modifi ed insulins, pork 
or beef insulin may be substituted if necessary.

Further modifi cation of the dose will take place as an 
outpatient, as more insulin will be needed after the initial 
period and with growth and puberty.

Urine testing
Test the urine for sugar using stick tests. Clinitest tablets 
for reducing substances are too cumbersome for routine 
use, but may be used as a substitute if they are the only 
option. Suggest stick testing about twice daily at home. 
Emphasise the value of testing the fi rst morning urine to 
estimate overnight control.

Test the urine for ketones using Ketostix or tablets. This 
only needs to be routinely done if the urine contains 3% 
glucose or more, and in times of intercurrent illness when 
the persistence of ketonuria should prompt the seeking of 
medical attention for incipient DKA.

The importance of accurate recording of the results in 
a control book, if possible, should be emphasised, to aid 
decision making at follow- up.

Blood testing
If resources allow, all parents should be able to test the 
blood glucose level, at least in an emergency, and ideally 
also for routine monitoring of control. The parent or carer 
(and also the child, if appropriate) should be taught the 
following:

 O how to use a lancet (or automatic fi nger- pricking device) 
to draw blood from the side (not the pulp) of the fi nger

 O how to ensure that an adequate sample is placed on 
the strip

 O how to read the strip visually (a meter may be used if 
resources allow)

 O if this method of monitoring control is chosen, the 
importance of providing test results at staggered times 
through the day (ideally one or two tests per day) should 
be explained; the need for accurate recording of the 

values in a diary should be emphasised (ascertain 
the parents’ literacy and numeracy levels)

 O the instantaneous nature of the result obtained and the 
detection of hypoglycaemia with blood testing should be 
highlighted, and compared with urine testing.

Diet
The parents or carers and the child should ideally meet a 
specialist diabetic dietitian and discuss the concept of 
carbohydrate balance and how the diet is spread through 
the day. The diet must be adequate for growth and nutri-
tion, and should contain around 50% of energy as complex 
carbohydrate. It is not advisable to allow ‘free’ fatty foods, 
as they may accentuate later macrovascular complications.

Explain the importance of fairly close adherence to 
the advised diet, and that the diet may need to be revised 
from time to time as the child grows and their pattern of 
activity changes. 

The parents or carers and the child should understand 
the infl uence of food intake on blood sugar levels. Diabetic 
carbohydrate 10- gram ‘portions’ are often used with ana-
logue short- acting insulin boluses before meals (if available), 
but need considerable expertise to be taught effectively. 

Sweet unrefi ned sugars should ideally only be taken 
before exercise or as occasional treats, although ideally 
the insulin dose should be varied to take this into account.

General care
 O It is essential that the parents or carers and the 

child (if he or she is old enough) understand how 
inadequate glycaemic control may predispose to 
micro-  and macrovascular complications in the 
longer term. These are not uncommon fi ndings in 
teenagers in Africa, due to their appalling glycaemic 
control in earlier childhood. 

 O It is also important that the parents or carers ensure 
that a supply of insulin is always available, as the 
commonest cause of DKA is lack of insulin at home 
in resource- limited environments.

 O The parents or carers and child (if appropriate) should 
understand how exercise, diet and insulin interact to 
infl uence blood sugar levels.

 O The symptoms of hypoglycaemia should be explained. 
It is important that the parents or carers understand 
the possible signs of an attack and what can be done 
to terminate the ‘hypo’. They should know how to use 
rapid- acting sweet sugary gel, non- ‘diet’/‘lite’ sugary 
drinks or tablets during the early stages of the attack. 
Ideally, a 1- mg glucagon pack (if available) should be 
given to each family prior to discharge, and the parents 
should be shown how to prepare and give the pre- 
packed injection in an emergency to terminate a severe 
hypoglycaemic attack with unconsciousness or fi ts. If a 
‘hypo’ is treated, a more complex carbohydrate snack 
should be given to prevent immediate recurrence.

 O The family should be given the address of any local 
support groups for individuals with diabetes and their 
families (if such groups exist). If possible, give the par-
ents and child a folder containing relevant booklets on 
diabetes.

 O The family should ideally have access to medical advice 
and treatment 24 hours a day if they are worried about 
their child’s immediate health, or can be seen at the next 
outpatient clinic for less urgent problems.
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Ideal checklist for use at discharge
 O Dextrose gel: 1 box of plastic tubes or 50 grams of 

dextrose tablets.
 O Disposable syringes and needles, ideally 0.3- mL low- 

volume syringes with as small a needle as can be located 
(down to 31- gauge are available).

 O Insulin.
 O GlucaGen Novo 1 mg pack.
 O Glucose testing blood sticks, fi nger- pricking device, plus 

lancets or urine sticks.
 O Control book and pen.
 O Ketostix.
 O Sharps disposal bin.
 O Appointment at next diabetic clinic.

Outpatient care
The patient should be reviewed at regular intervals (as 
frequently as resources allow). Ideally, at least once a year 
the child should have the following reviewed:

 O their knowledge of diabetes and emergency management
 O growth
 O blood pressure

 O state of injection sites
 O foot examination and discussion of foot care
 O fundoscopy (at diagnosis, for cataracts; after 5 years of 

diabetes or in teenagers, for retinopathy)
 O microalbumin/creatinine ratio in the fi rst morning urine 

sample for detection of renal complications (after 5 years 
of diabetes or in teenagers)

 O glycosylated haemoglobin for monitoring long- term 
control (ideal control is a level of < 55 mmol/mol).

 O thyroid disorders and coeliac disease are both more 
likely to occur in children with diabetes. Although, 
ideally, antithyroid antibodies and antigliadin anti-
bodies could be checked at the time of diagnosis 
of diabetes, and every 4 years thereafter, they are 
expensive tests and in resource- limited environments it 
is better to undertake a careful clinical assessment for 
additional thyroid or coeliac disease at annual outpatient 
appointments.

Transfer to adult services should take place in a planned 
manner, ideally at a joint handover clinic.

5.8.B The child with hypoglycaemia

BOX 5.8.B.1 Minimum standards
 Q Oral glucose solutions.
 Q IV 10% and 50% glucose.

Introduction
Hypoglycaemia is an important cause of morbidity and 
mortality that needs to be recognised, as the complications 
are potentially preventable.

Defi nition
Hypoglycaemia is now widely defi ned as a blood glucose 
concentration of less than 2.5 mmol/litre (45 mg/dL) at any 
age. The measurement should ideally be made in a labora-
tory with appropriate quality control. Testing with reagent 
strips is less accurate, particularly within the critical range.

Presentation and aetiology
Hypoglycaemia may present at any age from birth into adult-
hood. Symptoms are varied and rarely specifi c, particularly 
in infants. In neonates, fi ts and apnoeic attacks may be 
important clues. In infants and children the most important 
presentation, because of the risk of complications, is also 
fi ts and encephalopathy (see Table 5.8.B.1). The common 
causes are listed below. 

In infants and children in well- resourced countries, 
ketotic hypoglycaemia, endocrine disorders and metabolic 
disorders usually predominate. By contrast, in resource- 
limited countries, malnutrition and infections such as malaria 
(and its treatment) are more common.

Treatment
Glucose dosage
There is insuffi cient scientifi c data to be defi nite about the 

quantity of glucose to give parenterally to a hypoglycaemic 
child. 5 mL of 10% glucose was the standard dose for a 
time but there is evidence that this much glucose can raise 
the plasma glucose to a level high enough to produce an 
insulin surge which then results in another hypoglycaemic 
episode. Of course, in a diabetic child who has become 
hypoglycaemic because of insuffi cient calories or too much 
insulin, this will not occur, so in these circumstances 5 mL 
of 10% glucose is safe. 

 O When testing for hypoglycaemia is not possible, treat any 
critically ill child presenting with suspicious symptoms 
such as fi ts, with encephalopathy, or with a condition 
known to be associated with hypoglycaemia, such as 
severe malnutrition or malaria.

 O If the child is conscious and able to eat and drink, 
give them food or sugary fluids or glucose orally 
(0.5–1.0 gram/kg). 

 O Otherwise, give 2–5 mL/kg 10% glucose IV over 
3 minutes. Never use stronger glucose solutions 
IV. Continue with 0.1 mL/kg/minute 10% glucose to 
maintain the blood sugar concentration in the range 
5–8 mmol/litre.

 O If hypoadrenalism/pituitarism is suspected, give hydro-
cortisone as described in Section 5.8.C.

 O In hypoglycaemic children with diabetes or suspected 
hyperinsulinaemia, if IV access is not possible and gluca-
gon is available, give IM 100 micrograms/kg (maximum 
of 1 mg as a single dose).

Longer- term management
 O Provide appropriate endocrine management (see 

Section 5.8.C).
 O Avoid periods of fasting. Give glucose orally when at 

risk during intercurrent infections, or IV if the child is 
comatose or vomiting, and during anaesthesia.
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Diagnosis of the cause of 
hypoglycaemia
If the blood sugar level is less than 2.5 mmol/litre, it is 
important to establish a cause. Transfer 1 mL of blood into 
a fl uoride tube, if possible also 1 mL heparinised blood, and 
the fi rst urine after the hypoglycaemic episode to send for 
metabolic analysis, in particular for ketones.

 O Is there ketosis? If so, look for signs of hypopituitarism 
and/or growth hormone defi ciency.

 O If feasible, check the cortisol growth hormone level and 
insulin levels in blood taken at the time of hypoglycaemia.

 O If the blood lactate level is raised, consider organic 
acidaemia or a defect of gluconeogenesis. 

 O If ketosis is absent, consider hyperinsulinism (high birth 
weight) or disorders of fatty acid oxidation.

Prevention
As the symptoms are non- specifi c, measure blood glucose 
levels if possible in any suspected situation. If hypoglycae-
mia is suspected and blood glucose measurement is not 
possible, treat with glucose and observe the response. 
If the response is clearly related to giving glucose, 
assume that hypoglycaemia was present.

In the neonate, every effort should be made to avoid 
those factors that will exacerbate hypoglycaemia, including 
delayed feeding and hypothermia (see Section 3.4).

TABLE 5.8.B.1 Common symptoms and signs of hypoglycaemia

In childhood In neonates

Convulsions Convulsions

Reduced conscious level Reduced conscious level

Anxiety Jitteriness, tremor

Sweating, pallor Cyanotic episodes

Palpitations Apnoeic episodes

Headache

Behaviour abnormalities

Visual disturbances

Slurred speech

Ataxia

Hunger

Some causes of hypoglycaemia
Neonates

 O Birth asphyxia.
 O Small for gestational age.
 O Preterm birth.
 O Sepsis.
 O Malnutrition.
 O Hypothermia.
 O Infant of diabetic mother.
 O Liver disease, endocrine and metabolic disorders (see 

below).

Infants and children 
Endocrine disorders

 O Diabetic on treatment.
 O Persistent hyperinsulinaemic hypoglycaemia of infancy 

(formerly nesidioblastosis) and other congenital and 
inherited hyperinsulinaemic syndromes.

 O Islet- cell tumours.

 O Hypopituitarism.
 O Growth hormone defi ciency.
 O Adrenal insuffi ciency (any cause). 

Metabolic disorders
 O Disorders of glycogen metabolism, gluconeogenesis or 

fatty acid oxidation, organic acidaemias, etc. 
 O Ketotic hypoglycaemia (‘accelerated starvation’). 
 O Liver disease: any severe acute liver disease. 
 O Malnutrition.
 O Infections: malaria, especially when treated with quinine. 
 O Any severe illness.

Poisoning
 O Alcohol.
 O Salicylates.
 O Insulin. 

Drugs
 O Oral hypoglycaemic agents.

How to give glucose in suspected 
hypoglycaemia
If the patient is conscious, give sugary drinks or foods such 
as jam, candy or honey.

If the patient is unconscious:
1 Insert an IV or IO line and draw blood for emergency 

laboratory investigations.
2 Check blood glucose levels with a glucose moni-

toring stick. If low (< 2.5 mmol/litre (45 mg/dL) in a 
well- nourished child or < 3 mmol/litre (54 mg/dL) in a 
severely malnourished child) or if blood glucose cannot 
be measured because no stick test is available, treat as 
for hypoglycaemia anyway. 

3 Give 2–5 mL/kg of 10% glucose solution rapidly by IV or 
IO injection or 2.5 mL/kg of 10% glucose in the neonate.

4 Recheck the blood glucose level after 20 minutes. If it 
is still low, repeat 2–5 mL/kg of 10% glucose solution. 
Continue if necessary with an infusion of a glucose 
containing fl uid such as 5 mL/kg/hour of 10% glucose 
in 0.45% saline until the child is capable of drinking. 
Monitor the blood glucose until stable.

5 If venous or intra- osseous access is impossible in an 
unconscious patient, give sublingual sugar (see below 
for technique). 

6 Feed the child as soon as they are conscious. 
7 If is it not possible to feed the child without risk of aspira-

tion, give:
 O milk or sugar solution via a nasogastric tube (to make 

sugar solution, dissolve 4 level teaspoons of sugar 
(20 grams) in a 200- mL cup of clean water)

 O IV fl uids containing 5–10% glucose (dextrose).

Note: 50% glucose solution is the same as 50% dextrose 
solution or D50. 

If only 50% glucose solution is available: dilute 1 part 
of 50% glucose solution to 4 parts of sterile water, or dilute 
1 part of 50% glucose solution to 9 parts of 5% glucose 
solution. For example, 10 mL of 50% solution with 90 mL 
of 5% solution gives 100 mL of an approximately 10% 
solution.

Note: For the use of blood glucose stick tests, refer 
to the instructions on the box. Generally, the strip must 
be stored in its box, at 2–3°C, avoiding sunlight or high 
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humidity. A drop of blood should be placed on the strip (it 
is necessary to cover all of the reagent area). After 60 sec-
onds, the blood should be washed off gently with drops of 
cold water and the colour compared with the key on the 
bottle or on the blood glucose reader. (The exact procedure 
will vary with different strips.)

Sublingual sugar (sucrose) for treatment of 
hypoglycaemia
Sublingual sugar may be used as an immediate ‘fi rst- aid’ 
measure when managing hypoglycaemia in an unconscious 
child in situations where IV or IO administration of glucose 
may be impossible or delayed.
1 Give ½ to 1 teaspoonful of sugar, moistened but not 

dissolved with 1–2 drops of water and insert under 
the tongue (sublingually) and between the lower jaw 
and the gums (in the buccal area). Children should be 

monitored for early swallowing, which leads to delayed 
absorption, and in this case another dose of sugar 
should be given. If sublingual sugar is given, repeat the 
doses at 20- minute intervals. This is a useful technique 
in the community where facilities for parenteral glucose 
may not be available. However, note that sublingual and 
buccal absorption is not as effective as gastrointestinal 
absorption of sugar. 

2 Recheck the blood glucose level after 20 minutes, and 
if the level is still low (< 2.5 mmol/litre or < 45 mg/dL), 
repeat the IV glucose (5 mL of 10% glucose/kg) or repeat 
the sublingual sugar.

3 Prevent further hypoglycaemia by feeding where pos-
sible. If IV fl uids are being given, prevent hypoglycaemia 
by adding 10 mL or 20 mL of 50% glucose to 90 mL or 
80 mL, respectively, of Ringer- lactate solution or 0.9% 
saline to give a 5% or 10% glucose solution, respectively. 

5.8.C Other endocrine disorders

Adrenal crisis

BOX 5.8.C.1 Minimum standards
 Q ABC resuscitation skills and equipment.
 Q Hydrocortisone and fl udrocortisone.
 Q IV saline 0.9%.
 Q IV glucose 10%.

Diagnosis
An adrenal crisis is most likely to be encountered in a 
neonate with congenital adrenal hyperplasia (CAH) or 
hypopituitarism (look for virilisation in the female with CAH, 
and micropenis and cryptoorchidism in the male with 
hypopituitarism). It may occur in older children with adre-
nal destruction secondary to autoimmune processes or 
tuberculosis.

Suspect adrenal crisis in a severely ill child with:
 O acidosis
 O hyponatraemia
 O hypotension
 O hyperkalaemia
 O hypoglycaemia.

Children receiving long- term steroid therapy
Replacement steroids given as hydrocortisone up to 10 mg/
m2/day replicate natural secretion and are free of side effects 
if adequately monitored. 

Therapeutic doses of steroids for asthma, rheumatoid 
arthritis, etc. will produce adrenal suppression in a manner 
related to the dose and duration of treatment. Short 5- day 
courses of prednisolone therapy will produce measurable 
adrenal suppression that almost never requires action. 
Longer courses up to 1 month should be tapered off over a 
2- week period to allow recovery of the pituitary adrenal axis. 

More prolonged treatment with high- dose steroids may 
produce profound hypoadrenalism for months after cessa-
tion of treatment. In this case, taper the steroid dose to the 
equivalent of 5 mg/m2/day of prednisolone. Then convert 

this to an equivalent dose of hydrocortisone given in the 
morning (1 mg prednisolone is equivalent to approximately 
3 mg hydrocortisone). Then reduce the hydrocortisone 
by 2.5 mg/week until the child is on approximately 6 mg/
m2/day, when it is probably safe to stop treatment after 
2 weeks. If possible, check the 9 a.m. pre- dose cor-
tisol level and stop treatment if this exceeds 150 
nmol/litre at any time. Severe stress, infection or injury 
will require increased steroid cover during the next 
6 months.

Children on physiological replacement treatment or 
prolonged pharmacological doses of steroids should ideally 
carry some warning identifi cation for medical staff, advising 
against the abrupt cessation of steroids, and stating the 
emergency stress dose of oral (usually three times replace-
ment dose) or parenteral treatment for operative cover or at 
times of illness associated with vomiting (hydrocortisone, 
12.5 mg for infants, 25 mg for children, 50 mg for older 
children and 100 mg for adults, given as an immediate IV/
IM dose and then 4-  to 6- hourly IV).

Management of adrenal crisis
 O Treat airway, breathing, shock and hypoglycaemia (see 

Section 5.8.B).
 O Continue 0.9% saline to correct the deficit and for 

maintenance (see Section 5.8.A).
 O Give hydrocortisone IV 6- hourly as follows: 12.5 mg 

dose for neonates and infants, 25 mg for children aged 
1–5 years, 50 mg for children aged 6–12 years, and 
100 mg for adolescents aged 13–18 years.

 O If the diagnosis is established, continue maintenance 
hydrocortisone, 8–12 mg/m2/day in three divided doses 
(12–15 mg/m2/day for CAH) and, if salt loss is demon-
strated in the context of CAH or adrenal destruction, 
fl udrocortisone 150–250 micrograms/m2/day in one 
dose. Infants may also require oral sodium chloride, 
1 gram/10 kg/day (60 mg = 1 mmol).

Hypoglycaemia
For a discussion of neonatal hypoglycaemia, see Section 3.4.
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Thyroid disorders

BOX 5.8.C.2 Minimum standards
 Q Thyroxine.
 Q Carbimazole.
 Q Propranolol.
 Q Iodine supplements.

Neonatal thyrotoxicosis
Mothers who have active thyrotoxicosis or who have 
become hypothyroid as a consequence of treatment of 
thyrotoxicosis may still pass thyroid- stimulating antibodies 
to the fetus during the last trimester. The neonate (or fetus) 
will show the following:

 O hydrops in severe cases
 O tachycardia with heart failure: this may occur at up 

to 1 week post delivery, especially if the mother is on 
anti- thyroid drugs

 O thinness/light for dates
 O diarrhoea
 O hyperkinesis
 O possibly craniosynostosis.

Management
 O If hyperthyroidism is detected antenatally, treat the 

mother with low- dose carbimazole, 5–15 mg/day (use 
the lowest dose possible for control).

 O Treat the infant with:
 — propranololol, 1 mg/kg three to four times orally daily
 —  carbimazole, initially 250 micrograms/kg 3 times a 
day

 — aqueous iodine oral solution (5% iodine plus 10% 
potassium iodide), 130 mg/mL of total iodine, 1 drop 
0.05–0.1 mL every 8 hours until thyroid control is 
achieved.

 O Stimulating antibodies will clear by 3 to 6 months of age, 
and treatment can be stopped.

Congenital hypothyroidism
Between 1 in 2000 and 1 in 10 000 babies are born with 
a maldescended or absent thyroid gland. There are rarer 
cases of dyshormonogenesis (dominant and recessive 
– more common as a consequence of consanguineous 
relationships) associated with neonatal goitre and very 
rare central isolated thyroid- stimulating hormone (TSH) 
defi ciency.

Untreated early hypothyroidism results in cretinism.
Many countries screen for this condition in the fi rst 

month of life, looking for elevated TSH (except in TSH defi -
ciency) and/or low thyroxine or free thyroxine levels. Different 
screening laboratories will produce different assay results. 

In general, TSH in high double fi gures (mU/litre) is une-
quivocally raised and will be confi rmed by a total thyroxine 
concentration of less than 50 nmol/litre or a free thyroxine 
in single fi gures (pmol/litre). 

In resource- limited countries, X- ray of the knee or wrist 
to detect delayed bone age in infants and young children 
is helpful for diagnosis where TSH or thyroxine assays are 
unavailable.

An untreated affected child will develop, in the follow-
ing order:

 O jaundice

 O constipation
 O hoarse cry
 O umbilical hernia
 O coarse features
 O mental retardation
 O poor growth.

Therefore clinical awareness is important in order to identify 
possible cases of hypothyroidism in babies with the com-
mon symptoms of jaundice and constipation. Prolonged 
jaundice should lead to investigations, including those for 
hypothyroidism (see Section 3.4).

Management
Give thyroxine, 10–15 micrograms/kg once daily, titrated to 
maintain TSH in the normal range with normal growth and 
development. The adult dose is around 2–3 micrograms/kg.

Iodine defi ciency
This most commonly occurs in inland mountainous areas. 
The clinical features vary among different ethnic groups, 
with deafness, mutism, mental impairment and poor growth 
being common, and goitre being universal. The disorder 
may be prevented by adding potassium iodide to cooking 
salt (10 mg/kg salt) or providing it as supplemented sweets 
and bread. Iodide as an oily suspension can be given intra-
muscularly every 3 years.

Acquired hypothyroidism
This is usually part of an autoimmune process (which may 
be familial), and may be associated with diabetes mellitus. 
It is much more common in older girls, who will usually 
have the following:

 O goitre
 O lethargy
 O poor growth rate with excess weight gain
 O pallor
 O constipation
 O hair loss/dry skin
 O delayed puberty.

The diagnosis is confi rmed by raised blood TSH levels 
and, if possible, demonstration of antithyroid peroxisomal 
antibodies.

Management
Thyroxine is given to suppress TSH to the normal range and 
allow normal growth and pubertal development.

Doses of thyroxine
Neonate: initially 10–15 microgram/kg once daily (maximum 
50 micrograms daily) then adjusted in steps of 5 micro-
grams/kg every 2 weeks or as clinically indicated; usual 
maintenance dose 20–50 micrograms daily.

Child 1 month–2 years: initially 5 microgram/kg once 
daily (maximum 50 micrograms daily) then adjusted in steps 
of 10–25 micrograms daily every 2–4 weeks or as clinically 
indicated; usual maintenance dose 25–75 micrograms daily.

Child 2–12 years: initially 50 micrograms once daily then 
adjusted in steps of 25 micrograms daily every 2–4 weeks 
or as clinically indicated; usual maintenance dose 75–100 
micrograms daily.

Child 12–18 years: initially 50 micrograms once daily 
then adjusted in steps of 25 micrograms daily every 3–4 
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weeks or as clinically indicated; usual maintenance dose 
100–200 micrograms daily.

Thyrotoxicosis
This is much more common in older girls, often those with 
a family history of thyroid disease. It should be suspected 
if the following are present:

 O fi ne tremor
 O weight loss
 O psychiatric disturbance
 O exophthalmos (rare in children)
 O tachycardia with a wide pulse pressure
 O loose stools
 O goitre with bruit.

The diagnosis is confi rmed by suppressed TSH (level is 
undetectable) with raised thyroxine level.

Management
Treatment is with low- dose carbimazole. In neonates to 
children aged 12 years initially 250 micrograms/kg 3 times 
a day (maximum 30 mg/day) and adjusted as necessary 
until euthyroid. In children aged 12 to 18 years initially 10 mg 
3 times a day adjusted as necessary. Carbimazole should 
be continued for at least 2 years, after which withdrawal 
should be attempted. If relapse occurs, the options include 
further medical therapy, surgery by an experienced thyroid 
surgeon, or radio- iodine in a specialised centre.

Thyroid mass
Smooth goitre
An isolated smooth goitre with or without a bruit may 
occur in:

 O iodine defi ciency
 O acute and subacute thyroiditis (viral, bacterial, lympho-

cytic or other), which is usually tender
 O ingestion of goitrogens (e.g. cabbage, kale or other 

brassicas)
 O familial dyshormonogenesis
 O idiopathic pubertal goitre
 O thyrotoxicosis (Graves’ disease, thyroiditis, thyroid hor-

mone resistance)
 O Hashimoto’s thyroiditis.

If thyroid function is normal, no treatment is necessary; 
other wise treat as described above. In iodine- defi cient 
areas where thyroid investigations are not available, treat 
with oral aqueous iodine as described above.

Nodules require investigation by fi ne- needle aspiration 
and histology.

Nodular goitre
Nodular goitre may occur in:

 O Hashimoto’s thyroiditis
 O adenoma (hot, cold, euthyroid)
 O lymphoma
 O non- thyroidal masses (lymph nodes, branchial cleft cyst, 

thyroglossal cyst)
 O isolated simple cyst
 O carcinoma
 O histiocytosis.

Disorders of sexual development (DSD)
Uncertainty regarding a child’s gender is a distressing 
emergency for the family.

Most of these children are well unless associated with 
congenital adrenal hyperplasia (CAH) and salt loss (see 
above) or other major congenital abnormalities.

Avoid the urge to decide the appropriate sex of 
rearing of the child until the results of diagnostic tests 
are available.

Support the parents during this diffi cult time.
 O DSD may be the result of excess androgens in females 

(the commonest situation, usually secondary to CAH of 
the 21- hydroxylase defi ciency variety), lack of androgens 
(or the receptor) in males, or (rarely) mixed gonadal 
DSD with the presence of ovarian and testicular tissue. 
Minimum investigations are chromosome analysis and 
plasma for 17- hydroxyprogesterone (which is elevated 
in the commonest form of CAH). If a baby with a DSD 
becomes unwell with hypotension, hyponatraemia 
and hyperkalaemia, assume an adrenal crisis and 
treat as described above.

 O Further investigation requires highly specialised tests (i.e. 
blood, radiology and ultrasound, fi broblasts, laparos-
copy or laparotomy). Treatment of non- CAH DSD is also 
complex, but can often be deferred to allow appropriate 
transfer of care to a specialist centre. In specialist centres 
there need to be close working relationships between 
the different specialists. It is not appropriate for surgeons 
to operate without involving endocrinologists in working 
up these patients, and it is essential that the mem-
bers of the multidisciplinary team work closely 
together in the management of these cases.

Congenital adrenal hyperplasia (CAH)
Congenital adrenal hyperplasia (CAH) is an autosomal- 
recessive condition, and therefore is more common in 
consanguineous relationships. Many forms exist, as several 
enzymes involved in the synthesis of cortisol and aldos-
terone may be defi cient; partial cases also occur within 
each subtype.

Salt- losing 21- hydroxylase defi ciency is by far the com-
monest type. Most forms result in over- masculinisation of 
the female (although under- masculinisation of the male can 
also occur in defects near the start of the biosynthetic path-
way). Salt loss occurs in several forms (see above), although 
the second commonest defi ciency (11- beta- hydroxylase) 
causes salt retention and hypertension.

Females usually present as DSD (see above) and males 
with salt loss, which usually occurs after the fi rst week of 
life (see above for acute and long- term management). In 
non- salt- losing forms there will be incomplete early puberty 
(see below).

Once the diagnosis is established, treat with mildly 
suppressive doses of hydrocortisone, 12–15 mg/m2/day 
in three divided doses and, if salt loss is demonstrated, 
fl udrocortisone, 150–250 micrograms/m2/day in one dose. 
Infants may also require oral sodium chloride, 1 gram/10 kg/
day (60 mg = 1 mmol).
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Addison’s disease and Cushing’s 
syndrome
Addison’s disease (hypoadrenalism)
Hypoadrenalism may present as an emergency (see above) 
or be suspected if there is:

 O unexplained lethargy
 O failure to thrive
 O pigmentation of scars and skin
 O vitiligo or other signs of autoimmune disease
 O a strong family history of hypoadrenalism or unexplained 

sudden death
 O hyponatraemia and hyperkalaemia
 O syndrome of candidiasis and hypoparathyroidism pre- 

dating the hypoadrenalism (HAM or APECED syndrome).

If confi rmed by a low 9 a.m. cortisol level (< 150 nmol/
litre), treat as outlined above for adrenal crisis.

Cushing’s syndrome (hyperadrenalism)
Cushing’s syndrome is usually the result of iatrogenic cor-
ticosteroid administration (> 12 mg/m2/day hydrocortisone 
or the equivalent; see above). Over- secretion of adrenal 
steroids is rare. Signs of corticosteroid excess include the 
following:

 O poor (zero) growth rate
 O red cheeks
 O striae
 O glucose intolerance
 O excess weight gain (central)
 O muscle weakness
 O hypertension.

Adrenal carcinoma or adenoma may produce Cushing’s 
syndrome. There is often accompanying virilisation and an 
abdominal mass. The child is usually young, in contrast 
to the older child with Cushing’s disease secondary to an 
ACTH- secreting pituitary adenoma.

The diagnosis is supported by a detectable midnight 
cortisol level (> 50 nmol/litre) or raised urinary free 
cortisol excretion. The 9 a.m. cortisol level fails to 
be reduced to undetectable levels in response to 
dexamethasone 0.3 mg/m2 given as a single dose 
the previous night. 

Treatment usually requires specialist surgery.

Hypogonadism and delayed puberty
 O Hypogonadism may be secondary to central gonado-

trophin defi ciency (hypogonadotrophism: LH/FSH low) 
or peripheral gonadal failure (hypergonadotrophism: 
LH/FSH high).

 O Suspect congenital central hypogonadism in a male 
neonate with undescended testes and micropenis (shaft 
length < 2.5 cm). Hypopituitarism may also be present.

 O If hypogonadism remains undetected, failure of or 
incomplete pubertal development will occur.

 O Delayed puberty is often familial, but may be induced 
by emotional or nutritional deprivation.

 O There is delayed maturation of gonadotrophin secretion.
 O Treat if the delay is severe enough to cause psychologi-

cal damage.
 O Give a brief course of testosterone esters (100 mg by 

deep IM injection (Sustanon) at 1- month intervals three 
times in boys) or oral oestrogen (5–10 micrograms/day 

for 3 months in girls). This allows puberty to be induced 
and also reduces the risk of later osteoporosis.

 O If the hypogonadism is likely to be permanent, continue 
and gradually increase testosterone to 250 mg/month 
or oestrogen to 25–50 micrograms/day over a 2½- year 
period (the latter eventually as a combined oral contra-
ceptive medication to allow withdrawal bleeding).

TABLE 5.8.C.1 Causes of delayed puberty

Low LH/FSH + low 
testosterone/oestrogen

High LH/FSH + low 
testosterone/oestrogen

Chronic ill health Gonadal trauma/infection

Constitutional/familial Gonadal dysgenesis or 
Turner’s syndrome (XO)

Starvation, low body mass index Klinefelter’s syndrome (XXY)

Genetic (e.g. Kallmann’s 
syndrome, Prader–Willi 
syndrome)

Some cases of DSD

Prolactinoma (rare) Autoimmune ovarian 
damage

Hypopituitarism, hypothyroidism Galactosaemia

Thalassaemia

Precocious puberty
 O In precocious puberty, early sexual maturity (at less than 

8 years of age in females, or less than 10 years of age 
in males) is usually accompanied by a growth spurt and 
relatively tall stature for age.

 O In central gonadotrophin activation, there is develop-
ment of full puberty (i.e. breasts and pubic hair with 
eventual menstruation, or testicular enlargement plus 
pubic hair and penis development).

 O In secondary cases there is excess peripheral sex steroid 
production/ingestion. Some aspects of puberty will be 
exaggerated, whereas other tissues will be normal, or 
may regress (e.g. large penis and pubic hair plus small 
hard testes in androgen excess in CAH, large breasts 
but no pubic hair in oestrogen- secreting tumour).

 O Idiopathic central precocity is commonest in females, 
and may be familial.

 O Male gonadotrophin activation may be a sign of a CNS 
tumour.

 O Investigation and treatment are complex and spe-
cialised, and include suppression of gonadotrophin 
secretion in central precocious puberty, and surgi-
cal removal or suppression/blocking of the peripheral 
source of sex steroid production in peripheral causes.

Growth hormone defi ciency and short 
stature
Growth hormone deficiency (GHD) may be idiopathic, 
familial, part of hypopituitarism or isolated.

In the neonatal period, isolated GHD or hypopituitarism 
may cause hypoglycaemia (see Section 3.4). After excluding 
or treating hypoadrenalism (see above), growth hormone 
may be required to maintain normoglycaemia and nor-
mal growth but such treatment requires expert input.

Growth hormone is essential for normal growth, and 
GHD should be suspected in the child who is:
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 O short in relation to their peers and in comparison with 
their parents

 O growing slowly
 O relatively heavy for their height.

Outside the neonatal period, treatment is rarely urgent. 
Growth hormone is administered as a subcutaneous injec-
tion. It is expensive and diffi cult to store.

The causes of severe short stature include the following:
 O secondary to chronic ill health or under- nutrition; these 

patients are often thin
 O secondary to chronic emotional trauma; these patients 

are often thin
 O endocrine (hypothyroid, hypopituitary, GHD, Cushing’s 

syndrome); these patients are often relatively heavy
 O syndromic (e.g. Turner’s syndrome, etc.); these patients 

are usually dysmorphic, but some may have few external 
features, so it should be suspected in all short females 
outside their genetic range

 O disproportionate with short limbs (bony dysplasias, 
rickets)

 O metabolic (storage disorders, osteogenesis); these 
patients have longer limbs than back.

Short stature in the latter three causes is extremely diffi cult 
and expensive to treat.

Hypopituitarism
In the neonate there will be hypoadrenalism with or without 
GHD leading to hypoglycaemia. Suspect hypopituitarism 
in any male neonate with cryptoorchidism and micropenis.

Onset later in life may signal an intracranial lesion such 
as craniopharyngioma (which may be visible as a calcifi ed 
mass on plain lateral skull X- ray or CT scan; MRI scans 
show a cystic cavity at the base of the brain). Symptoms 
outside the neonatal period include the following:

 O poor growth/short stature (secondary to GHD)

 O lethargy
 O hypotension
 O hypothermia
 O hypothyroidism (see above)
 O hypogonadism (see above)
 O visual fi eld defects, headache and/or raised intracranial 

pressure if secondary to tumour.

Treatment is outlined in the sections on individual hormone 
defi ciencies above. 

Diabetes insipidus
Isolated diabetes insipidus is rare, but it can occur as part 
of hypopituitarism or secondary to infi ltration of the posterior 
pituitary by tumour or destruction by infection. Suspect it 
in any case of:

 O dehydration with dilute (colourless) urine
 O polyuria and polydipsia not due to diabetes mellitus
 O secondary daytime wetting without an obvious cause
 O familial history.

It is important to request a fl uid balance diary at home, 
and for carers to allow access to water alone between 
meals as the only fl uid permitted. This will help to identify 
the many behavioural causes of polydipsia, and will avoid 
the need for awkward and unnecessary tests of urinary 
concentrating capacity.

Diagnosis is confi rmed by the simultaneous presence 
of hyperosmolar serum (> 290 mOsm/litre) and dilute urine 
(< 300 mOsm/litre or specifi c gravity < 1005).

Treat by allowing free access to water and, if possible, 
replacement of antidiuretic hormone with a long- acting 
analogue, DDAVP, which can be given intramuscularly, 
by nasal spray or orally. The dose is titrated to keep the 
specifi c gravity of the urine in the range 1005–1010 and/
or the serum osmolarity normal. Try to allow one period of 
diuresis before each dose is due, to prevent dangerous 
hyponatraemia from over- treatment. 

5.9 The child or adolescent with a mental health 
problem

BOX 5.9.1 Minimum standards
 Q Knowledge, skills and tests that exclude organic medi-

cal causes.
 Q Effective child protection systems.
 Q Fluoxetine.
 Q Resperidone, chlorpromazine and fl upenthixol.
 Q Supportive family therapy.

Introduction
Around 10– 20% of all children have one or more mental or 
behavioural problems (World Health Report 2001). The rates 
are higher in urban areas and increase in adolescence. One 
in ten young people suffers from mental illness or symptoms 

of mental distress severe enough to cause some level of 
impairment, yet less than one in fi ve receives the treatment 
that they need.

Prematurity, poor nutritional status, low birth weight, 
organic brain damage and physical handicap often 
bring about biological stressors. A disadvantaged socio- 
economic status of families contributes negatively to the 
mental health of children. Child development suffers where 
there is persistent marital discord, parental psychiatric ill 
health and/or a history of substance abuse. Protective 
factors include stable care, an adaptable and engaging 
personality, problem- solving abilities and a supportive 
network of family and friends.

The aggregate disease burden of these disorders has 
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not been estimated, and it is complex because many of 
these disorders can be precursors to much more disabling 
disorders during later life. Mental health disorders of child-
hood and adolescence are very costly to society in both 
human and fi nancial terms. 

Psychiatric disorders that arise in adolescence are differ-
ent from those in children and similar to those in adults. The 
vulnerability of adolescence relates to diffi culty in establish-
ing an identity, during which there may be alienation from 
the parents. There is also intense emotional interaction with 
friends, which makes adolescents especially vulnerable 
to the effects of peer pressure, and issues of sexuality. 
Emotional disorders include anxiety states, depression, 
hysteria and specifi c phobias.

Conduct disorders occur in about the same proportion, 
and include conditions that range from oppositional defi ant 
behaviour to persistent patterns of aggression and rule 
breaking. About 20% of the teenagers may present with a 
mixture of disorders.

The link between adverse family environmental 
factors and mental health disorders in children and 
adolescents is fundamental and must be explored as 
part of the assessment and treatment.

Acute psychiatric emergencies: suicide 
and deliberate self- harm
In well- resourced countries there has been a persistent rise 
in fatal suicide attempts, especially in young males. A his-
tory of substance abuse, confl ict with the law and personal 
and mental illness are important factors. The possibility 
of abuse within (most likely) or outside the family must 
be at the forefront of a search for why this occurred, 
as there may be other children ‘at risk’. The method of 
suicide depends on the means available. Males are more 
likely to use violent means than females. Overdoses of 
drugs or poison, hanging and immolation are common 
methods of suicide.

Suicide is extremely rare in pre- pubescent children, 
but the frequency rises sharply during the teenage period. 
Again a search for evidence of abuse must be undertaken.

Deliberate self- harm is a non- fatal act in which a child 
or young person deliberately ingests noxious substances 
in excess of therapeutic doses, or causes self- injury. It is 
best interpreted as a ‘cry for help’. Again, the possibility of 
abuse must be considered in all cases. 

Assessment and questions to be asked
 O Are there any indicators or clinical signs of physical 

or sexual abuse? 
 O Have there been any previous attempts at suicide?
 O Is there a risk of suicide or of a repeated attempt?
 O Was a suicide note left?
 O Was there pre- planning?
 O How likely was the young person to be found?
 O What was the method used?
 O How lethal was the method used?
 O Did the young person know how toxic the substance 

was?
 O What quantity of the substance was taken?
 O Was it impulsive in the context of a confl ictual relationship?
 O Was it to attract sympathy or seek attention (e.g. follow-

ing a disciplinary crisis or the loss of a friend)?

 O Is there a psychiatric disorder?
 O What is the family and developmental history, including 

educational functioning?
 O How well does the child solve problems and cope with 

diffi culties?
 O How effective and who are the social/parental supports, 

including adequacy of supervision?

It is important to clarify to the family (preferably in the 
presence of the child) that information given by the child 
is confi dential.

High- risk factors
 O Undiagnosed and unmanaged abuse.
 O The risk of repetition is higher in the next 4 weeks after 

the attempt. It also increases if there is a history of previ-
ous self- harm attempts.

 O Male gender.
 O Lack of support, and easy access to a means of com-

mitting suicide (e.g. a fi rearm or drugs belonging to other 
family members in the home).

 O Presence of depressive illness, with loss of sleep, 
appetite, depressed mood, agitation, and in particular 
continued suicidal ideas (hopelessness, inability to enjoy 
life, asking ‘What’s the point?’).

Treatment
 O Treatment of the medical consequences of self- harm is 

the priority (see Section 7 especially Section 7.4).
 O Assessment of the child and their family should be 

undertaken when the child is free from the after- effects 
of the drug overdose/self- infl icted injury. 

 O It is important to take the young person’s suicidal ideas 
seriously and not to expose them to sarcasm or ridicule 
in discussions. Assessment should include considera-
tion of a mental illness and also of the family and social 
circumstances of the young person and the context in 
which the self- harm occurred.

 O Nothing predicts behaviour better than past behaviour. 
Those with a low risk of repetition can be offered sup-
port during subsequent crises, and arrangements made 
to assist the child and their family in developing coping 
strategies. A psychologist, social worker or trained 
psychiatric nurse (if available) can assist the family in 
this way. 

 O If there is abuse, the child must be protected from 
further harm by arranging the involvement of social 
services and the police (as appropriate in the setting).

 O Children at high risk of death need a major input, 
although inpatient facilities are generally sparse and 
often unavailable. Depending on resources (or lack of 
them) the physician needs to improvise and involve 
social agencies and the family (particularly the extended 
family if there are immediate parental problems) to pro-
vide appropriate supervision, support and treatment.

 O Those with a history of substance abuse will need 
specifi c counselling.

 O The presence of mental illness merits specifi c treatment 
(psychological therapies and/or medication) and inter-
vention (see below). Issues that triggered the self- harm 
should be addressed if possible. Relationship diffi culties 
should be borne in mind.
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Depressive disorders
Depression is a recurring illness characterised by episodes 
of dysfunction. It is common, and has a lifetime prevalence 
in adults of 15–20%. It has been reported in 1% of preschool 
children, 2% of school- age children and 5–8% of adoles-
cents; girls are twice as likely to suffer from depression as 
boys. The incidence is rising, or else depression is being 
recognised more, with each successive generation. It is 
detected at a younger age and there has been a parallel 
increase in suicide in the paediatric age group.

Sadness, unhappiness and misery are common child-
hood experiences (usually in reaction to adverse family 
circumstances), but when sadness is extreme in intensity and 
duration, it may be due to a depressive illness. Depression 
or depressive illness always needs urgent attention.

The presentation of depression varies with the age of 
the child. Infants and preschool children cannot express 
feelings of sadness in language. In this age group, depres-
sive symptoms must be inferred from apathy, withdrawal 
from caregivers, delay or regression of developmental 
milestones, and failure to thrive that has no organic cause. 

School- aged children are cognitively able to internalise 
family confl ict, criticism or failure to achieve. They display 
low self- esteem and guilt, but depression is often mainly 
expressed in somatic complaints (headaches, stomach 
aches, disturbed sleep and appetite), anxiety (school phobia, 
excessive separation anxiety), irritability (temper tantrums 
and other behavioural problems) and academic decline. 

Common symptoms in adolescents resemble adult-
hood depression, with more anger than sadness, hostility 
mainly towards family, sleep and appetite often normal, 
drug abuse, academic decline and suicide attempts. A 
depressed mood (dysphoria) is accom panied by loss of 
emotional involvement (withdrawal), feelings of guilt and 
unworthiness, and an inability to cope effectively. A ‘depres-
sive disorder’ refers to an observable depressed mood, 
tearfulness, suicidal thoughts, disturbance of sleep and 
appetite, and a lack of energy.

When the above symptoms persist or occur despite an 
absence of adverse environmental causes, and function-
ing is impaired, a diagnosis of depressive illness can be 
considered. It is worth noting that around 40% of children 
with conduct (behaviour) disorders have associated mood 
disturbances, and that children presenting with depression 
may have other problems, such as anxiety or substance 
abuse.

Assessment
Assessment should include the child or adolescent and 
their family or other people who know the young person 
well. This may be impossible for the teenager who has no 
family, or for the older teenager who refuses to have their 
parents involved.

At the beginning of the assessment it is helpful to 
clarify the bounds of confi dentiality. The parents and the 
child need to understand that what each of them says will 
not be freely shared without consent. However, it should 
also be made clear that there are limits to confi dentiality 
in situations in which the law requires reporting, such as 
abuse, and also in situations where the child’s safety is at 
serious risk – for example, of suicide.

Assess the degree of dysfunction and distress that the 
symptoms are causing the child and their family.

Assessment requires a detailed history, mental state 

examination, play and observation of the child–parent inter-
action. A full medical examination and neuropsychological 
testing to rule out neurological or learning disorders and 
to assess the child’s developmental capabilities should be 
undertaken. Psychological assessment tests such as a 
strength and diffi culty questionnaire may be helpful. 

Risk factors
 O A family history of depression predisposes to depres-

sion, and the children of depressed parents are three 
times more likely to develop depression themselves. 
Early onset in the parents is associated with a higher 
risk for the children.

 O Family and social environmental risk factors include 
family confl icts, rejection, lack of communication, lack 
of expression of love, poor family support systems, 
abuse (physical, emotional or sexual), and parents who 
are excessively controlling.

 O Adverse life events, such as the death of a parent or 
other loved one, parental divorce, exposure to suicide, 
relationship problems and academic failure can precipi-
tate depression.

 O Negative emotions such as low self- esteem, self- 
criticism, negative interpretation of life events and a 
feeling of lack of control can all contribute. 

 O The process of puberty can precipitate depression.

Issues in management
The diagnosis of a depressive illness (as opposed to tran-
sient sadness, which is very common) should be made 
only after careful history taking and information from the 
family, school and (if possible) close friends. Almost all 
‘depression’ in children or adolescents is related to 
environmental factors, and a diagnosis of depressive 
illness should only be made when it is certain that 
environmental factors are not responsible. 

In addition, and in older adolescents, bipolar disorder 
may present for the fi rst time, and a history of symptoms of 
hypomania should always be undertaken. If such symptoms 
are elicited, a daily symptom diary may be helpful. There are 
specifi c drug treatments for bipolar disorder which include 
mood stabilisers, and the support of an adult psychiatrist 
can be very helpful.

Medical conditions that can present with depressive 
illness must be excluded, using appropriate investiga-
tions, in particular vitamin or mineral defi ciencies (full blood 
count), thyroid dysfunction (TSH levels), tuberculosis (chest 
X- ray) and HIV infection.

If possible, address any stressful factors in the child’s 
environment.

Management of sadness 
The opportunity to discuss their diffi culties with a sym-
pathetic and helpful listener can itself be very useful to a 
depressed child or adolescent. The depressed child will 
tend to blame him-  or herself, and there should be an 
attempt to enable the child to deal with issues without such 
negative feelings.

It is important to explore sensitively any factors in the 
child’s life that may have led to the episode of self- harm, and 
to put the problems right as far as possible, while recognis-
ing that some situations cannot be changed. 

Work to help the young person to understand him-  or 
herself, identify feelings, change maladaptive patterns of 
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behaviour and improve relationships can be very helpful, 
and will provide useful skills for them later on in their life.

Consider the mental health of other members of the 
family, which may be having a signifi cant effect on the child 
or adolescent. Helping the parents may help the child. 
Postnatal depression occurs in about 10% of mothers, 
and tends to recur with each pregnancy. Family therapy 
and support can also be very helpful.

Regular exercise (e.g. involvement in sport) can be very 
useful for some people with depression. It is also important 
to get enough sleep and to eat as healthy a diet as possible.

Formal ‘talking therapies’ such as cognitive–behav-
ioural therapy can be helpful, but they require specialist 
training and are not widely available, even in well- resourced 
countries.

Management of depressive illness
It is vital that the child or adolescent is informed that 
their symptoms and the effects of the symptoms on 
their behaviour and edu cational function are not due 
to anything they have done or are doing wrong. The 
young person and their family need to learn how to dis-
tinguish between the normal range of feelings and those, 
including sadness, that suggest the onset or presence of 
the depressive disorder.

In more severe forms of depressive illness, particularly in 
adolescents, antidepressants can be helpful, but in general 
their use is best avoided. 

Antidepressant medication
The antidepressants of fi rst choice for adolescents aged 
12–18 years are selective serotonin reuptake inhibitors 
(SSRIs) such as fl uoxetine, which can be effective but are 
expensive. They should be prescribed following baseline 
measurements of blood pressure and heart rate, physical 
examination for extrapyramidal symptoms, etc. The sug-
gested baseline laboratory investigations are complete 
blood count, liver function tests, pregnancy tests for girls, 
and ECG. The common side effects of SSRIs are dizziness, 
sweating, diarrhoea, headaches, fatigue, restlessness, initial 
insomnia, and weight loss or gain. Uncommon side effects 
may include delayed micturition, blurred vision, skin rashes, 
etc., and should be explained to the patient and their family. 

Usually fl uoxetine is best tolerated if given in the morning 
after breakfast, but in situations in which it causes drowsi-
ness it can be taken in the evening. Changes in symptoms 
do not occur for at least 3–6 weeks. Follow- up must be 
insisted upon while the young person is on medication. 

Suicidal feelings must be explored routinely at onset 
and at follow- up.

Fluoxetine: the starting dose in children aged 12 to 
18 years is 10 mg daily, and the dose may be increased 
to 20 mg daily after 1–2 weeks. There is little information 
about the use of fl uoxetine in children under 12 years of age. 

Abrupt discontinuation of SSRIs may induce withdrawal 
symptoms, some of which mimic a relapse of a depres-
sive episode (e.g. tiredness, irritability and severe somatic 
symptoms).

Once the patient has been free of symptoms and back 
to normal life for at least 8 weeks, fl uoxetine should be con-
tinued for 6 months, then gradually reduced and stopped 
over a period of 6–12 weeks. The speed of reduction should 
be decided with the patient, taking into consideration any 
symptoms of withdrawal.

Tricyclic antidepressants have major side effects, 
including cardiovascular complications. They are also very 
dangerous in overdose. Therefore they must not be used. 

Monoamine oxidase inhibitors (MAOIs) must not be used 
because of their dangers when taken with certain foods.

Hysterical conversion disorder
This is a subgroup of somatoform disorders. It refers to 
loss or alteration of physical functioning without organic 
cause. The child presents with physical symptoms which 
result in disability in the absence of consistent physical 
signs or evidence of a physical illness. The most frequent 
symptoms are pseudo- seizures, loss of sensation and loss 
of limb function. These are common in post- pubertal female 
adolescents. They usually arise when the adolescent is fac-
ing a predicament that they cannot resolve. This may be 
related to academic, family, interpersonal, sexual, abuse, 
religion or societal issues.

As well as a thorough history and interview, the assess-
ment should include a full physical examination to assess 
symptoms that do not correlate with known neurological 
pathways (e.g. a gait that is inconsistent and varying). It is 
important to keep an open mind about the possibility of a 
physical problem which has not yet manifested itself, and 
reconsider this regularly. 

Pseudo- seizures may occur in adolescents who also 
have epileptic seizures, and it may be diffi cult to distinguish 
between them and provide the correct treatment. A blood 
test taken within 20 minutes of an episode to measure 
serum prolactin levels (if facilities for this are available) 
can be useful for differentiating between pseudo- seizures 
(prolactin levels are normal) and epileptic seizures (prolactin 
levels are raised). 

Once a psychiatric disorder has been diagnosed, the 
emphasis should move from medical investigations to 
amelioration of presenting symptoms and appropriate 
psychological intervention. The latter should incorporate 
‘face- saving’ formulae to allow the young person to come 
to terms with the absence of physical disease, but the 
presence of an illness which is ‘real’ as far as the young 
person is concerned. Whatever the cause, the disability and 
the impact on the young person’s life are real, and may be 
more diffi cult to manage than a physical illness with similar 
symptoms. This aspect of the disorder must be carefully 
explained to the family as well, in case they believe that the 
young person is faking an illness.

Drugs and alcohol: use and abuse
Drug use and availability have changed radically in the last 
decade or two. The substances abused depend on avail-
ability and supply. As children get older, the proportion who 
have ever tried drugs increases. Which drugs are illegal and 
which are socially acceptable vary between countries and 
among different groups of people in the same country, and 
the use of drugs by children and adolescents is infl uenced 
by this. A child’s abuse of drugs is contextual – that is, it 
depends on societal norms, family history, etc. Parental 
criminality or substance abuse increases the risk. Reliable 
data on drug abuse in children are scarce and not validated. 
However, there is increasing acceptance that the rates 
of drug use are increasing, particularly in inner- city areas 
among children who are deprived (e.g. ‘street children’).
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Volatile substance abuse is common in children, but 
seldom persists into adulthood. Solvents are easily available 
(e.g. butane gas, lighter fuel, paint thinners, aerosols, etc.), 
and are most commonly abused through a plastic bag to 
maximise the effects. 

Stimulants such as cocaine and amphetamines are 
taken in powder form, intranasally or injected. They pro-
duce elevation of mood, energy, a reduction in appetite 
and hallucinations.

Drugs may be used for pleasure, or to remove (however 
briefl y) the pain of daily life. Many drug users live in very 
diffi cult conditions and/or have mental health problems in 
addition to their drug habit. Prostitution is often associated 
with drug use, trapping (mainly women) in a vicious cycle. 
There is also a strong association of substance abuse with 
conduct disorder. In conduct disorders there is a repetitive 
and persistent pattern of behaviour in which societal norms 
or rules are violated (e.g. fi ghting, bullying, cruelty to people 
and animals, destruction of property, stealing and deceit). 
Many drug abusers will take up crime to pay for their drugs.

Assessment
It is important to establish the extent, frequency and sever-
ity of drug abuse or dependence. In addition, information 
needs to be elicited concerning behavioural patterns, social 
competency, educational functioning, peer relationships 
and psychiatric status.

Physical examination should include a check for fresh 
injection marks, old scars or the physical sequelae of drug 
use. 

Management
There are very few, if any, specialised treatment centres 
for children who abuse drugs. Treatment outcome will vary 
according to the chronicity and/or the substances abused. 
For example, only a limited impact is made on alcohol or 
marijuana abuse, whereas heroin or cocaine treatment 
programmes are more successful in reducing the use of 
these drugs.

Methadone as part of a well- controlled and structured 
treatment system is the most common approach to man-
aging long- term opiate dependence. However, it is rarely 
available in resource- limited settings. The initial dose for 
children over 15 years of age is 10–20 mg daily, increas-
ing by 10 mg/day until there are no signs of withdrawal or 
toxicity (the usual dose is 40–60 mg/day). Opiates can give 
rise to nausea and vomiting. Withdrawal symptoms include 
restlessness, irritability, and increased bowel activity with 
abdominal pain. Methadone treatment is not appropriate 
for those with a short history of opiate dependence.

Schizophrenia
This is a serious mental illness characterised by abnormalities 
of thinking, perception and emotion, usually fi rst diagnosed 
in late adolescence, although rarely the onset can be seen 
in childhood. Consider the diagnosis if two or more of the 
following symptoms are present for 1 month or longer:

 O delusions: beliefs which are unshakeable
 O hallucinations: 80% of affected children have auditory 

hallucinations; visual hallucinations are more likely to 
be due to an organic medical disorder such as a brain 
tumour or poisoning

 O disorganised (incoherent) speech 

 O grossly disorganised or catatonic behaviour
 O negative symptoms (fl at affect).

The onset is usually insidious. Many children have pre- 
existing problems with social withdrawal, disruptive 
behaviour, developmental delay and language problems, 
and then go on to develop more fl orid symptoms such 
as hallucinations. Mood disorders may present with 
schizophrenic- like symptoms, and making the diagnosis 
may be diffi cult. 

Assessment
Any diagnosis is dependent on detailed history taking 
and examination, and schizophrenia is no exception. To 
evaluate the progress, it is important to defi ne the baseline 
symptoms, functioning and problems in various aspects 
of the young person’s life (i.e. education, family and social 
functioning).

Before a defi nitive diagnosis of schizophrenia is made, 
organic medical conditions must be excluded by the 
following tests. However, it has to be accepted that in 
resource- limited settings many of these tests will not be 
available: blood tests for haemoglobin, indices such as 
MCV (to rule out vitamin B12 defi ciency), thyroid function, 
liver and renal function, heavy metals such as lead, mercury 
and arsenic, HIV indicators, the Wassermann reaction for 
syphilis, urine test for toxicology, an EEG to help to rule out 
temporal lobe epilepsy, and a CT scan of the brain.

Management
Children and adolescents with schizophrenia present a 
challenge as they are seriously ill, and often their social and 
educational progress is seriously disrupted. Treatment is dif-
fi cult, and all management should be under the supervision 
of a psychiatrist (if available). Treatments aim to reduce the 
frequency of relapses and disability.

It is important to work closely with the family. Negative 
symptoms such as blunting of emotions, impoverished 
thinking and lack of motivation are particularly distressing 
to relatives. Furthermore, highly expressed emotions and 
negative feelings increase the risk of relapse. The family will 
need support and help to manage their child’s symptoms. 
The techniques for reducing highly expressed emotions 
require specialist training.

Pharmacological treatment to control symptoms is the 
important initial management. Psycho- educational, social, 
cognitive and family intervention programmes are impor-
tant in long- term management. Oral neuroleptics provide 
the patient with a sense of control. Any adverse effects 
will quickly become apparent, but the medication must 
be administered daily and the patient may not always be 
compliant. Depot neuroleptics provide a way of enhancing 
compliance.

Atypical antipsychotic drugs are now the treatment of 
choice (if available), as they have less extrapyramidal side 
effects. Risperidone can be given to children over 12 years 
of age, starting at 2 mg per day and increasing by 1 mg per 
week to a maximum daily dose of 8 mg. Side effects include 
postural hypotension, weight gain, hyperglycaemia and mild 
extrapyramidal signs.

Standard antipsychotic drugs are more likely to be 
available in resource- limited settings. Standard antipsy-
chotic treatment for acute schizophrenic symptoms is 
usually initiated with chlorpromazine. For children aged 
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12–18 years, start with oral treatment with 25 mg three 
times a day or 75 mg at night, and then gradually increase 
the doses until there is control of symptoms, usually 
achieved with a maximum dose of 100–300 mg daily. 
Premature changes in drug choice should be avoided, as 
the response time may be 30 days or more. 

Poor response may be due to an inadequate dose or 
poor compliance. 

Depot medication is suitable for long- term treatment 
(fl upenthixol by deep IM injection into the outer buttock or 
lateral thigh with a test dose of 20 mg, then after 7 days 
20–40 mg repeated 3-  to 4- weekly according to the 
response. The usual maintenance dose is 50 mg every 
4 weeks to 300 mg every 2 weeks,

Side effects include extrapyramidal signs (Parkinsonism, 
dystonia, restlessness and tardive dyskinesia), hypoten-
sion and less commonly neuroleptic malignant syndrome 
(hyperthermia, fl uctuating consciousness, muscle rigidity 
and autonomic dysfunction).

Post- traumatic stress disorder (see 
also Section 1.23)
Introduction
Nearly all children and adolescents who have experienced 
catastrophic situations will initially display symptoms of 
psychological distress, including intrusive fl ashbacks of the 
stress event, nightmares, withdrawal and inability to con-
centrate, among others. Most children and adolescents 
will regain normal functioning once their basic survival 
needs are met, safety and security have been restored, 
and developmental opportunities have been regained, 
within the social, family and community context.

Post- traumatic stress disorder (PTSD) is a relatively 
new diagnostic category fi rst offi cially created by DSM- III 
in 1980. Around 25–35% of those exposed to traumatic 
events develop PTSD. Individual differences in response to 
trauma depend on the following:

 O stressor severity and degree of exposure to the stressor
 O exposure to previous traumatic events
 O the child’s perception of the event
 O the child’s appraisal of the threat to their survival, and 

the degree of human accountability
 O for younger children, the response and functioning of 

adults, particularly close family, around them can be 
important.

Anxiety disorders, abnormal grief reaction, somatic com-
plaints and impairment in educational functioning can all 
occur.

Diagnostic criteria
The child has experienced an event that is outside the range 
of normal experience and that is life- threatening to them or 
to those close to them. There is persistent re- experiencing 
of the traumatic event – that is, distressing recollections, 
dreams or fl ashbacks.

There is avoidance of the stimuli associated with the 
trauma, and a range of signs of physiological arousal 
occur, such as difficulty in sleeping, irritability or poor 
concentration.

In younger children, repetitive play related to the trauma 
may be present. They may have frightening dreams that have 
no obvious content, and may regress in their development.

Assessment
It must fi rst be established that the child has experienced a 
traumatic event that preceded the onset of the symptoms. 
The traumatic event may not necessarily lead to develop-
ment of PTSD. Instead, the child may develop acute stress 
disorder or sadness. 

When assessing the child, the interviewer will need to 
take account of the child’s maturation, and their verbal facil-
ity and functioning. Details of the traumatic event, the child’s 
perception of the event, and their response immediately and 
later, should be evaluated.

The differential diagnoses include obsessive- compulsive 
disorder, schizophrenia and anxiety disorder. Flashbacks 
may need to be distinguished from intrusive and unwanted 
thoughts that are unrelated to the traumatic event, which 
occur in obsessive- compulsive disorder.

Management of trauma- affected children 
(see also Section 1.23)
If possible, reuniting the child with their parents or other close 
relatives and restoring normal comforting routines is helpful.

Some children will require more specialised interven-
tions to address their suffering and help to restore their 
fl ow of development. Immediately after traumatic events, 
activities and opportunities that allow children to talk about 
or otherwise express painful experiences and feelings (e.g. 
by physical and artistic expression) are most benefi cial if 
facilitated by people whom the children know and trust, 
and have continued contact with.

The goals of psychological treatment are reduction 
of symptoms, development of coping skills, and helping 
the individual to gain a sense of well- being and control. 
Education and gradually increasing goal setting help the 
child to relax, solve problems and gradually achieve mas-
tery over fear ful thoughts. The help of a clinically trained 
psychologist or psychiatrist may be needed to plan the 
treatment. 

Trauma counselling should never be provided unless 
an appropriate and sustained follow- up mechanism is 
guaranteed. 

The psychosocial well- being of adults, particularly par-
ents and caregivers, has a direct impact on that of children, 
and should therefore be addressed through concurrent 
parent- focused psychosocial interventions. The participa-
tion of children, and adults, in decisions that affect their 
lives has a positive effect on their mental health, empowers 
them, and helps them to regain control over their own lives.

Panic attacks
These are common in children and adolescents, and can 
mimic physical illnesses. Hyperventilation, sometimes with 
tetany, is a key feature, as well as the fear of ‘going crazy’ or 
dying. The best way of controlling such attacks is to explain 
the physiological features of panic to the child and their 
family, and to teach proper breathing techniques (namely 
to breathe slowly at a rate normal for the child’s age). 

Preventive intervention
The promotion of mental health through a healthy lifestyle 
brought about by health education and life skills training 
has the potential to equip a young person for their journey 
through life. There is material available in the public domain 
on life skills training (e.g. on the WHO/UNICEF websites) 
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which has been used in many resource- limited and middle- 
income countries.

Autism and autistic spectrum disorders
This is a group of disorders with similar features, although 
an individual child may not display all of them, and the 
severity may vary. Autism becomes evident before 3 years 
of age, but children with other conditions that form part of 
the autistic spectrum may present later (e.g. at school age).

Autistic behaviour may occur as an isolated problem, 
or it may be a component of a number of childhood devel-
opmental disorders. It is important to consider these when 
assessing a child, in case intervention may help. Sensory 
defi cits, particularly deafness, which may be hard to identify 
in a young child, are especially important in this respect. 
Children with hydrocephalus, metabolic disorders (e.g. 
phenylketonuria), hypothyroidism, fetal alcohol syndrome, 
tuberous sclerosis, neurofi bromatosis, Down’s syndrome 
and other chromosomal disorders may exhibit features 
of autism.

Autistic children characteristically have diffi culties with 
the following:

 O social interaction and reciprocity
 O language development and communication skills
 O imagination and play
 O rigid thinking
 O restrictive and repetitive stereotypical patterns of behav-

iour, activities and interests.

Social interaction
Autistic children may make little or no eye contact. They 
may not be able to share experiences or to understand the 
feelings of others, or recognise clues to their feelings from 
their behaviour (e.g. that people who are crying are sad).

Language and communication
Young children with autism may not point to get attention 
or to show another person something. They may never 
develop any useful language, or they may have unusual 
speech with abnormal intonation, jumbled words, incom-
prehensible sounds, or repetition of the same words again 
and again (echolalia).

Cognitive function
Children with autism may have global cognitive impairment 
or general impairment but considerable skill in some areas 
(e.g. numbers, art).

Rigid thinking and ritualistic behaviour
Autistic children often have very structured repetitive play 
(e.g. organising objects in a certain pattern). They may 
persist much longer than usual in putting things in their 
mouths, or they may hold on to objects, moving and feel-
ing them in their hands, for long periods. Routine is very 
important, and they are often very upset by any disruption, 
which may lead to outbursts of temper.

Management
There is no cure as yet for autism. Management focuses 
on encouraging the child to learn as much as possible and 
to develop behaviour that helps him or her to live happily 
within the family and community. 

Support for the family in caring for these children, who 

can be very challenging, is essential. Education for the family 
and community about the diffi culties of autistic children, so 
that their behaviour is not misinterpreted as naughtiness, 
or caregivers criticised inappropriately, is also very impor-
tant. Healthcare professionals and teachers experienced 
in the care of children with autism can give a great deal of 
assistance to families.

Vigilance for other problems, especially with hearing or 
vision, which if undiagnosed will add to the child’s diffi cul-
ties, should be maintained. 

For some children with autism who have severe aggres-
sive behaviour and only under expert supervision consider 
risperidone:

 O Child over 5 years and 15–20 kg: 250 micrograms daily 
increased if necessary after at least 4 days to 500 micro-
grams daily; thereafter increased by 250 micrograms 
daily at 2- week intervals to maximum of 1 mg daily

 O Child over 5 years and over 20 kg: 500 micrograms 
daily increased if necessary after at least 4 days to 1 mg 
daily; thereafter increased by 500 micrograms daily at 
2- week intervals; max. daily dose 2.5 mg if under 45 kg; 
maximum daily dose 3 mg if over 45 kg.

Review effectiveness and side effects after 3–4 weeks; stop 
if no response at 6 weeks.

Asperger’s syndrome
Asperger’s syndrome has some features in common with 
autism, in that affected individuals also have diffi culties with 
social interaction, especially in understanding the usual 
patterns of social behaviour of their community. They often 
develop very deep and detailed knowledge about subjects 
that interest them, and become experts who can contribute 
to society, but they may also become isolated if others do 
not share or understand their interests. 

Asperger’s syndrome is usually identifi ed later than 
autism, often when children are at school, and are recog-
nised as different from their peers. They may be bullied and 
very lonely, as they long to have friends and ‘fi t in’, but do 
not have the social skills to enable them to do so.

Like autism, there is no cure for Asperger’s, but teaching 
from as early an age as possible about appropriate behav-
iour can help these children. Education for their families and 
communities, so that they understand that the child has a 
condition which makes it hard for him or her to pick up social 
clues, and is not just being diffi cult, along with appreciation 
of any special talents, is essential. If it is acceptable to the 
child or adolescent, written information to give to people 
to explain what they fi nd hard may be useful.

Attention defi cit hyperactivity disorder 
(ADHD)
Children with ADHD characteristically have diffi culties with 
the following:

 O inattention
 O hyperactivity
 O impulsivity.

These features must be present before the age of 6–7 years, 
evident in more than one situation (e.g. at home and at 
school), and interfere with the child’s social or educational 
functioning.
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These characteristics may persist into adult life, result-
ing in inattentive and disorganised or impulsive risk- taking 
behaviour.

Inattention
Children with ADHD cannot concentrate for very long, 
especially on tasks they have been given which have no 
immediate reward (e.g. schoolwork).

Hyperactivity
These children are always on the move. Young children with 
ADHD may run, jump, climb, make a lot of noise and never 
settle to anything. School- age children and adolescents 
have diffi culty sitting still, and may be constantly tapping 
their feet, wriggling and fi dgeting.

Impulsivity
Children with ADHD do not think before they act. They may 
have accidents or get into trouble for recklessness.

Other problems
Children with ADHD can be exhausting. They are often 
in trouble because they are so active and may have poor 
relationships with other children and adults, and low self- 
esteem. They may sleep badly, struggling to get to sleep or 
waking frequently, and be poor eaters because they cannot 
sit still for long enough to fi nish a meal. 

Causes
There is no known cause of ADHD. Some of the contributory 
factors include the following:

 O genetic: parents or siblings affected
 O living conditions: ADHD is more common in children from 

disadvantaged backgrounds
 O depression in the child’s mother
 O these factors may all interact.

In addition to occurring alone, the features of ADHD may 
be seen in young people with neurological conditions such 
as head injuries, fetal alcohol syndrome, encephalitis and 
meningitis, epilepsy, hypothyroidism and some syndromes, 
such as fragile X syndrome, Williams’ syndrome and tuber-
ous sclerosis.

Comorbidities
Children with ADHD often have additional problems, such as 
mild cognitive impairment, delayed language development, 
poor coordination, reading diffi culties and mood disorders.

Assessment
 O Developmental history, especially any delay and when 

noted.
 O Pregnancy and birth, including any exposure to drugs 

or alcohol.
 O Family history of similar problems, maternal depression 

and social circumstances.
 O Educational progress: both intelligent children and chil-

dren with specifi c learning diffi culties who are bored can 
be disruptive.

 O The parents’ expectations of the child and their response 
to his or her behaviour.

 O Medical history and examination for neurological prob-
lems, including any medication being taken by the child 
that might affect his or her behaviour. 

 O Careful observation of the child in several settings, 
including home and school. 

Management
There is no cure for ADHD, but careful management can 
help these children and their families a great deal. 

 O Look for any health problems that might be contributing 
to the condition and could be treated (e.g. large tonsils 
and adenoids preventing undisturbed sleep).

 O Explain to the child and their family that they have a 
disorder that affects their behaviour, and that they are 
not just a naughty child.

 O The most useful management is behavioural.
 O Drugs may be helpful in severe cases.

Behavioural management
Children with ADHD do best where there are as few dis-
tractions as possible around them, and where there are 
clear rules about the conduct that is expected, with praise 
or reproof given immediately if merited. When doing tasks 
such as schoolwork, they are best on their own or in a 
small group, sitting near to the person in charge. They often 
have low self- esteem. Giving praise when they do well, with 
frequent small rewards, is very helpful.

Drugs
The most widely used drugs for ADHD are stimulants such 
as methylphenidate (Ritalin), which can be given to children 
aged over 6 years in a dose of 5 mg once or twice daily, 
increasing by 2.5–5 mg weekly up to a maximum daily dose 
of 60 mg. If methylphenidate has not made any difference 
after 3 weeks at full dose it should be stopped. Slow- release 
preparations are also available and can be given less 
frequently. If effect wears off in the evening (with rebound 
hyperactivity) a dose at bedtime may be appropriate (estab-
lish need with trial bedtime dose). Careful supervision is 
needed, and ideally children who require these drugs should 
be treated by a professional experienced in their use.

Some useful websites
Patel V, Jenkins R, Lund C, the PLoS Medicine Editors (2012) 

Putting Evidence into Practice: The PLoS Medicine Series on 
Global Mental Health Practice. PLoS Medicine, 9, e1001226. 
www.plosmedicine.org/article/citationList.action;jsessionid
=54EC3D8B00FC6B7057A6FD681B26F071?articleURI=in
fo%3Adoi%2F10.1371%2Fjournal.pmed.1001226

National Institute for Health and Clinical Excellence (2005) 
Depression in Children and Young People. www.nice.org.
uk/guidance/QS48

Royal College of Psychiatrists Fact Sheets for Children and 
Young People. www.rcpsych.ac.uk/healthadvice/parents
andyouthinfo.aspx

World Health Organization. Child Mental Health Atlas. www.
who.int/mental_health/resources/Child_ado_atlas.pdf

National Institute for Health and Clinical Excellence (2006) 
Methylphenidate, Atomoxetine and Dexamfetamine for 
Attention Defi cit Hyperactivity Disorder (ADHD) in Children 
and Adolescents. www.nice.org.uk/guidance/TA98 

Eapen V, Graham P and Srinath S (2012) Where There Is 
No Child Psychiatrist: a mental healthcare manual. www.
rcpsych.ac.uk/publications/books/rcpp/9781908020482.
aspx
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5.10 Nutritional disorders

5.10.A Vitamin or mineral defi ciencies

BOX 5.10.A.1 Minimum standards
 Q Adequate diet.
 Q Vitamins A, B, C, D and K.
 Q Folic acid.
 Q Zinc.
 Q Iodine.

Vitamin A defi ciency (VAD)
Signifi cance

 O Vitamin A defi ciency is the single most important cause 
of childhood blindness in resource- limited countries.

 O It makes a signifi cant contribution to morbidity and 
mortality from common childhood infections, even at 
subclinical levels of defi ciency.

 O A Cochrane review indicates that regular vitamin A sup-
plementation reduces mortality by 24%.

Prevalence
 O Vitamin A defi ciency is endemic in at least 60 countries 

worldwide, especially in Africa, South and South- East 
Asia, some areas of South America and the Western 
Pacifi c.

 O Around 250 million preschool children are at risk.
 O It causes 250 000–500 000 cases of blindness per year.

Good food sources are red palm oil, mango, pawpaw, dark 
green leafy vegetables, unskimmed milk, eggs and liver.

Aetiological factors
 O Persistent inadequate intake of vitamin A exacerbated 

by insuffi cient consumption of dietary fat, leading to 
ineffective absorption.

 O Frequent infections, especially measles, gastroenteri-
tis and respiratory infections, resulting in decreased 
food intake, malabsorption, increased urinary loss, and 
increased utilisation of vitamin A by the body resulting in 
depletion of liver stores. The decrease in vitamin A levels 
in the body in turn predisposes children to infection, and 
so a vicious cycle is set up.

 O Vitamin A defi ciency is common in the context of poverty, 
social under- development, hostile living environments, 
water shortage and food scarcity, and individual factors 
such as lack of breastfeeding, inappropriate weaning 
practices and increased physiological needs during 
periods of rapid growth.

Clinical effects
 O Night blindness (decreased ability to generate rhodopsin 

in the retinal rod photoreceptors essential for vision in 
dim light).

 O Compromised integrity of epithelial surfaces due to loss 
of mucus- producing goblet cells, leading to ‘dry eye’ 
(conjunctival xerosis), Bitot’s spots, corneal xerosis, 
corneal ulceration, and irreversible damage to the eye 
(keratomalacia).

 O Depressed immunity (both innate and adaptive immu-
nity), which results in increased susceptibility, duration 
and severity of common infections (e.g. acute respiratory 
infection, diarrhoea, measles).

 O Poor growth, apathy and slow development.

TABLE 5.10.A.1 Signs of vitamin A defi ciency in the eyes 

Sign Description

Night blindness Inability to see in dim light (e.g. at dawn 
or dusk). Often occurs in the later part of 
pregnancy

Conjunctival 
xerosis

The conjunctiva looks dry and slightly 
rough instead of smooth and shiny

Bitot’s spots White foamy patches on the conjunctiva. 
Not always present

Active corneal lesions: 
At this stage the condition can worsen within a few hours and 
complete or partial blindness can result

Corneal xerosis The cornea looks dry and cloudy

Ulcers on the 
cornea

Often on the edge of the cornea

Keratomalacia The cornea is cloudy and soft like jelly. 
Rare

Assessment of vitamin A status
There are no simple tests for vitamin A defi ciency, but it 
is likely to affect communities where vitamin- A- rich food 
is scarce and infection and/or malnutrition rates are high.

 O Vitamin A defi ciency becomes a public health problem 
when the following are prevalent in the child population:

 — night blindness (> 1%)
 — Bitot’s spots (> 0.5%)
 — corneal xerosis with or without ulceration (> 0.01%)
 — corneal scarring (> 0.05%).

Prevention
 O Encourage the use of local foods rich in vitamin A. 

 — Provide dietary education about vitamin- A- rich foods 
(e.g. dark green leafy vegetables, carrots, mango, 
papaya, eggs, orange fruits, liver, red palm oil, fatty 
fi sh).

 — Treat the siblings and mother. Mothers are especially 
vulnerable to vitamin A defi ciency, and should be sup-
plemented in the fi rst month of lactation.
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 O Give regular supplementation every 4 to 6 months as 
described in Table 5.10.A.2.

 O Prevent recurrent infections by recommending the use 
of impregnated nets, deworming, using clean water 
and breastfeeding.

TABLE 5.10.A.2 Vitamin A supplements to prevent vitamin A 
defi ciency

Target group Immunisation 
contact

Vitamin A dose

Infants under 
6 months who are 
not breast fed or 
breast fed infants 
whose mothers have 
not received vitamin 
A supplements.

50 000 IU

Infants aged 
6–11 months 

Measles vaccine 
contact 

100 000 IU 

Children aged 
12–59 months 

Booster doses 

Special campaigns

Delayed primary 
immunisation doses

200 000 IU 
every 4 to 
6 months

Regular vitamin A supplementation is advised for all chil-
dren in resource- limited countries. It has been shown to 
reduce all causes of mortality, and especially mortality 
from diarrhoea.

If a child has malnutrition, severe diarrhoea or measles, 
give one high- dose vitamin A capsule, according to Table 
5.10.A.3, unless they have received a dose in the previous 
month.

Treatment
If there are any eye signs, give vitamin A as indicated in 
Table 5.10.A.3.

TABLE 5.10.A.3 Doses of vitamin A for treatment of clinical 
defi ciency

Age Day 1 Day 2 Two weeks 
later

< 6 months 50 000 IU 50 000 IU 50 000 IU

6–12 months 100 000 IU 100 000 IU 100 000 IU

> 12 months 200 000 IU 200 000 IU 200 000 IU

If there are ulcers or the eyes look soft or cloudy, instil 
atropine 0.1%, three times a day for 3–5 days, and a topi-
cal antibiotic. Cover the affected eye with a saline- soaked 
bandage.

Deep IM injection of vitamin A (retinyl palmitate) 50 000 IU 
for children under 2 years of age, and 100 000 IU for those 
over 2 years, should be given if severe stomatitis, persistent 
vomiting or malabsorption are present.

Vitamin B1 defi ciency: beriberi 
 O This may occur in areas of severe nutritional deprivation 

where little more than polished rice is consumed. It is 
uncommon in Africa, as the staple is maize or wheat, 
which contains vitamin B1.

 O It affects adults, children and breastfed infants of 
thiamine- defi cient mothers.

 O It is often mistaken for oedematous malnutrition (kwashi-
orkor), nephritis, cerebral malaria, encephalopathy or 
septicaemia.

 O It causes wet (cardiac) or dry (neurological) beriberi:
 — cardiac failure with breathlessness, oedema and 
tachycardia

 — peripheral neuritis, with tingling and burning of feet, 
and reduced tendon refl exes

 — acute encephalopathy and coma.
 O An aphonic form is characterised by a noiseless cry due 

to laryngeal nerve paralysis.

Beriberi is rapidly fatal.
 O The initial dose is 50–100 mg thiamine hydrochloride. 

IM or orally. This is particularly effective in heart failure 
(facilities for treating anaphylaxis must be available).

 O Continue with 10 mg/day for children under 2 years of 
age, 25 mg/day for those aged 2–12 years, and 50 mg/
day for those over 12 years for 3–4 days.

 O Patients with beriberi often have other B vitamin 
defi ciencies.

 O Good food sources of vitamin B1 are pork, whole grain 
cereals, legumes, nuts and liver.

Nicotinic acid (niacin) defi ciency: 
pellagra
Nicotinic acid is synthesised from the essential amino acid 
tryptophan, and pellagra is found where the diet is defi cient 
in either nicotinic acid or tryptophan. It is common where 
maize is the staple diet, as in many parts of Africa. Maize 
is defi cient in tryptophan, and the nicotinic acid is bound 
and unavailable. 

Clinical features
 O Dermatosis of parts of the skin exposed to sunlight, 

namely the neck (Casal’s necklace), face and hands, 
usually seen in children over 5 years.

 O Diarrhoea and malabsorption.
 O Encephalopathy, which is rare in children.

Treatment 
 O Nicotinic acid: 

 — 10 mg three times daily for 7 days in children under 
2 years of age

 — 25 mg three times daily for 7 days in children over 
2 years. In severe cases give 100 mg IV.

 O Treat other B vitamin defi ciencies at the same time 
(thiamin and ribofl avin).

 O Improve the diet with protein and green vegetables, pea-
nuts, wholegrain cereals, meat, fi sh, chicken and liver.

Vitamin C defi ciency: scurvy
This usually presents at the age of 4–10 months. Cow’s 
milk is low in vitamin C.

 O Vitamin C is needed for collagen formation (in bones, 
cartilage, teeth and capillary walls).

 O It is important for the healing of wounds.
 O It increases iron absorption.
 O It is found in citrus fruits, vegetables and breast milk. 
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Very little vitamin C is present in cow’s milk, especially 
if it is heated.

 O Vitamin C defi ciency is found in severe malnutrition and 
in children fed on very poor diets in institutions.

Clinical features
 O Spontaneous haemorrhages, especially from gums, and 

defective bone, cartilage and dentine formation.
 O Local tenderness and swelling of the legs (due to subpe-

riosteal haemorrhages), which may present as irritability 
when the child is picked up or moved.

 O Pseudo- paralysis of the limbs.
 O Haemorrhagic and spongy changes in the gums.
 O Petechiae and ecchymoses around the eyes.
 O Microscopic haematuria may be present.
 O The anterior ends of the ribs swell.
 O Mild anaemia.
 O Increased risk of fractures.
 O Poor healing of fractures and wounds.
 O Characteristic X- ray appearance: loss of trabecu-

lae in long bones gives a ground- glass appearance, 
dense lines of calcification in the epiphysis next to 
the epiphyseal plate and calcifi cation of subperiosteal 
haemorrhages.

Treatment
 O By mouth 

 — Child 1 month–4 years 125–250 mg daily in 
1–2 divided doses

 — Child 4–12 years 250–500 mg daily in 1–2 divided 
doses

 — Child 12–18 years 500 mg–1 g daily in 1–2 divided 
doses.

 O A subsequent improvement in diet is needed, with plenty 
of fresh fruit and vegetables.

Vitamin D3 defi ciency: rickets
Vitamin D defi ciency causes the following:

 O rickets (failure of mineralisation of growing bone)
 O hypocalcaemic tetany in infancy
 O osteomalacia in adults.

Nutritional rickets is most prevalent in North Africa, the 
Middle East and Pakistan. Asian and Afro- Caribbean chil-
dren are also at risk in the UK and other countries where 
there is limited sunshine. Vitamin D defi ciency is unusual 
in African children over 18 months, as at this age they can 
walk and therefore go out into the sunshine. Older children in 
Africa with rickets must be investigated for causes of rickets 
other than vitamin D defi ciency, such as dietary calcium 
defi ciency or inherited forms of hypophosphataemic rickets.

Biochemistry
 O Vitamin D increases Ca2+ absorption from the gut, 

reabsorption of Ca2+ from the kidney, and a phosphate 
diuresis.

 O Vitamin D defi ciency reduces Ca2+ and increases para-
thyroid hormone (which increases phosphate loss by the 
kidney), resulting in low Ca2+ and low phosphate levels. 
Subsequently there is a rise in alkaline phosphatase and 
then the X- ray features of rickets occur.

Aetiology
 O Prolonged breastfeeding, especially if the mother is 

vitamin D defi cient.
 O Lack of vitamin- D- containing foods such as oily fi sh, 

eggs, butter and margarine.
 O Lack of sunlight exposure (UV light) (black-  and brown- 

skinned children living indoors or in countries where 
there is little sunlight are particularly at risk).

 O An infant’s diet contains only small amounts of vitamin D, 
so fortifi cation of foods and vitamin D supplementation 
is recommended.

 O If a child presents with rickets and has normal exposure 
to sunlight, consider a hypocalcaemic diet (reported in 
South Africa and Nigeria). Cereals can bind calcium and 
prevent its absorption.

 O Rarely, there is a metabolic disorder such as familial 
hypophosphataemic rickets. Where consanguinity is 
common, renal tubular disorders can produce this.

 O Vitamin D defi ciency also occurs in chronic renal and 
liver failure.

Clinical features
 O 1,25- Dihydroxyvitamin D crosses the placenta, and the 

neonate generally has suffi cient levels for the fi rst few 
months of life.

 O Disturbance of the normal growth of the epiphyseal plate 
leads to the formation of inadequately calcifi ed new bone 
at the diaphysis edge of the plate (so- called osteoid 
tissue). The proliferating zone on the epiphyseal side of 
the plate enlarges excessively, producing a swelling of 
the plate. Osteoid tissue may also form subperiosteally. 
There is also demineralisation of the skeleton. The fol-
lowing features result from these abnormalities:

 — epiphyseal swelling (especially distal radii at the 
wrists, and also the ankles and knees)

 — craniotabes (soft areas of the skull bones, especially 
of the occiput, which when pressed gently are easily 
depressed)

 — rickety rosary (enlarged costochondral junctions)
 — delayed fontanelle closure
 — curvature of the shafts of the tibia and femur (may 
occur in severe cases)

 — bossing of the frontal and parietal skull bones due to 
osteoid formation

 — pigeon chest (pectus carinatum)
 — Harrison’s sulci
 — deformities of the thoracic and lumbar spine can 
produce kyphoscoliosis and lumbar lordosis

 — pelvic bone deformities in female children can lead 
to subsequent birthing diffi culties due to damage to 
the inlet and outlet of the birth canal

 — delayed dentition
 — delayed gross motor development with generalised 
muscle weakness and hypotonia

 — growth retardation
 — occasionally, especially in infants, symptoms of 
hypocalcaemia.

Diagnosis
 O Very elevated plasma alkaline phosphatase activity.
 O Usually normal, but possibly slightly low, plasma calcium 

levels.
 O Very low plasma phosphate levels.
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 O Lowered plasma levels of 25- hydroxyvitamin D3, but 
often this cannot be tested for. 

 O The best sites to radiologically assess for rickets are 
those where there is rapid bone growth, namely the 
wrists and knees. 

 — Typical X- ray appearance: cupping and fraying of 
the distal ends of the long bones, such as the ulna 
and radius. 

 — There is widening of the metaphyseal plate due to 
osteoid formation. 

 — The periosteum may be raised. 
 — There may be abnormal curvature of bones and 
generalised under- calcifi cation.

Prevention measures
 O Exposure to sunlight and foods such as egg yolk, milk 

and fortifi ed margarine.
 O Vitamin D2 (ergocalciferol) supplementation, 400–600 IU 

daily.

Treatment
 O Vitamin D3 (colecalciferol) or vitamin D2 (ergocalciferol) by 

mouth daily for 4 weeks: child aged 1–6 months 3000 IU, 
6 months–12 years 6000 IU and 12–18 years 10 000 IU.

 O If hypocalcaemia is present, calcium supplements may 
be added in the early stages of treatment.

Vitamin K defi ciency
 O Vitamin K is a cofactor for the hepatic synthesis of 

clotting factors (prothrombin, and factors VII, IX and X).
 O Sources are green leafy vegetables, meat, liver, cheese, 

and synthesis by gut fl ora.
 O Defi ciency may occur as a result of the lack of bile salts 

and the malabsorption of fats after the use of broad- 
spectrum antibiotics, or in the breastfed newborn whose 
gut is not yet colonised with bacteria and therefore does 
not produce vitamin K.

 O Treat bleeding due to vitamin K defi ciency with 250–300 
microgram/kg (max 10 mg) IV; neonates 1 mg. Repeat 
doses every 8 hours if needed.

 O Prevent haemorrhagic disease of the newborn by giv-
ing 1 mg vitamin K to all newborn infants either orally or 
IM (preterm 400 microgram/kg maximum dose 1 mg).

Folic acid defi ciency
 O The most important issue here is that women who are 

defi cient in folic acid at the time of conception and in 
early pregnancy are at increased risk of having a baby 
with a neural tube defect (spina bifi da or anencephaly).

 O Relative defi ciency occurs in haemolytic anaemias and 
in preterm infants (see Section 3.3 and Section 5.11.C).

 O Defi ciency occurs in malabsorption syndromes such as 
coeliac disease and blind loop syndromes.

 O Anticonvulsants such as phenytoin may interfere with 
the metabolism of folic acid.

 O Consequences of folic acid deficiency include the 
following:

 — fetal abnormalities
 — megaloblast ic  anaemia,  neutropenia and 
thrombocytopenia.

 O Sources of folic acid include green leafy vegetables, 
oranges and other fruit, legumes, nuts, liver and yeast.

Treatment
 O All women who are anticipating pregnancy should be 

taking an additional 400 micrograms of folic acid per 
day before and throughout pregnancy.

 O To treat defi ciency, give infants 500 micrograms/kg once 
daily and children over 1 year of age 5 mg once daily. 

 O Treat for up to 4 months and exclude concomitant 
vitamin B12 defi ciency, which if untreated could result 
in neuropathy.

 O For haemolytic anaemia, treat with 2.5–5 mg orally once 
a day for children aged 1 month to 12 years, and 10 mg 
once a day for those over 12 years of age.

 O Neonates 50 micrograms once daily or 500 micrograms 
once weekly.

 O Give preterm infants 100–200 micrograms orally per day.

Iodine defi ciency
Iodine defi ciency in pregnancy causes maternal hypothy-
roidism and cretinism in the newborn.

 O It is one of the commonest causes of disability 
worldwide.

 O Clinical features of cretinism range from mild neuro-
muscular incoordination and cognitive defi cit to severe 
mental retardation, spasticity and deafness, and severe 
stunting of growth.

 O Iodine defi ciency is endemic in mountainous regions 
far from the sea (e.g. the Andes, the Himalayas, 
Central Africa, Papua New Guinea) and areas where 
iodine is eluted from the soil by repeated fl ooding (e.g. 
Bangladesh).

 O The prognosis is poor even after early recognition and 
treatment with thyroid hormone.

 O Prevention is by salt iodination or a single oral dose of 
iodine in pregnancy.

Zinc defi ciency
 O Zinc is an essential trace element required for main-

taining cells, bone growth and immune function (it 
scavenges for free radicals).

 O Defi ciency often occurs in children living in resource- 
limited settings, and arises from either insuffi cient intake 
of zinc- containing foods or insuffi cient absorption.

 O Foods high in zinc are of animal origin, such as meats, 
fi sh and dairy products.

 O Dietary fi bre and phytates found in cereals and legumes 
bind zinc and reduce its absorption.

 O Zinc defi ciency is diffi cult to diagnose, as serum zinc 
levels do not refl ect total body zinc levels.

 O Zinc defi ciency is associated with stunting of growth, 
impaired immunity and increased risk and severity of 
diarrhoea and respiratory infections.

 O Zinc defi ciency is a feature of the rare disease acroder-
matitis enteropathica, in which children present with 
peri- oral and peri- anal rashes.

Therapeutic zinc supplementation is now recom-
mended as an adjunct to oral rehydration therapy for 
treatment of diarrhoea. Routinely giving 10 mg per day 
to children under 6 months of age and 20 mg per day to 
those over 6 months of age for 10–14 days can reduce 
diarrhoea duration and severity and the likelihood of 
subsequent infections for 2 to 3 months.
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Zinc supplements of 2 mg/kg/day should be an essential 
component of the mineral mix used in the management of 
severe malnutrition.

Useful website
World Health Organization (1997) Vitamin A Supplements: 

a guide to their use in the treatment and prevention of 
vitamin A defi ciency and xerophthalmia, 2nd edn. http://
whqlibdoc.who.int/publications/1997/9241545062.pdf

5.10.B Severe malnutrition

BOX 5.10.B.1 Minimum standards 
 Q Scales (accurate to 5 gram), metre length board, MUAC 

tapes, care charts.
 Q ReSoMal.
 Q Vitamin and mineral mixtures.
 Q Antibiotics.
 Q IV 10% glucose.
 Q Antihelmintic drugs.
 Q F- 75 and F- 100 feeds.
 Q Barrier skin cream.
 Q Sources of heat (blankets, hat, warm room, clothes).

Introduction
Severe acute malnutrition (SAM) is characterised by 
oedema or wasting, often with anorexia and infection. 
The main immediate causes of death are infections, septic 
shock, hypoglycaemia, electrolyte imbalance, dehydra-
tion, hypothermia, cardiac failure and severe anaemia. 
Every physiological and metabolic function is impaired, so 
the children affected are extremely fragile, similar to the 
premature neonate. 

In 2009 the WHO and UNICEF defi ned SAM for children 
aged 6–60 months as follows: 
1 using new weight for length/height charts (see proce-

dures) a cut- off of below minus 3 standard deviations 
2 and the mid upper arm circumference (MUAC) less than 

115 mm. 

Two clinical pictures are seen, with much overlap between 
them.

 O Marasmus (wasting) affects all ages, but young infants 
are particularly at risk. It is usually due to insuffi cient 
intake of growth nutrients after breastfeeding stops. It 
can also be due to chronic illness. The baby is extremely 
thin, with loss of subcutaneous fat, resulting in skin 
wrinkles and folds. Weight for length or height is less 
than 70% of the median (see Section 9), or the MUAC 
is less than 115 mm.

 O Kwashiorkor (oedematous malnutrition) usually occurs in 
children aged 2–4 years. It is an acute illness that sud-
denly appears over a few days. It is thought to be due 
to a defi cit in the antioxidant nutrients. It presents with 
sodium retention and oedema of various degrees (from 
pedal to generalised), and skin lesions that are like severe 
sunburn in a fair- skinned person. There is fatty liver, with 
low circulating levels of all hepatic export proteins. The 
hair may be de- pigmented (this has no relation to the 
prognosis, and should be ignored clinically), and the hair 
pulls out very easily and painlessly (which is related to 
the prognosis).

In severe malnutrition, biochemical abnormalities include 
the following:

 O low urea
 O severe hypoproteinaemia
 O hypokalaemia and hypophosphataemia
 O hypomagnesaemia
 O hypoglycaemia (see below) 
 O anaemia (frequently present).

Principles of treatment
Early identifi cation and treatment is important, and children 
are often missed on the general admission wards or in 
outpatients because they are not measured. Screening 
using MUAC is helpful for identifying children if length 
measurement is not easily performed, or weight for height 
is not charted. 

Treatment is much more successful if standard treat-
ment protocols are followed than if clinical judgements are 
made on individual patients. This is because the illness itself 
changes the clinical presentation, signs and symptoms of 
common complications.

Inpatient versus outpatient community 
management of acute malnutrition 
(CMAM) 
Traditionally, care has been provided for all children in inpa-
tient hospital units, ideally in a defi ned malnutrition ward. 
However, carers are less likely to be prepared to attend 
these until the child is unwell, so patients tend to present 
late. They also want the child to be discharged as soon as 
they are clinically stable, so often leave before nutritional 
defi cits have been restored and the child has recovered. 
This predisposes to higher post- discharge mortality, which 
is rarely identifi ed by the inpatient programme.

There has been a change to management of the 
malnourished child who is not unwell, through CMAM 
programmes. This is sometimes referred to as community- 
based therapeutic care (CTC). These programmes separate 
children into those with complications or severe oedema 
(complicated malnutrition), and those with uncomplicated 
malnutrition, Children with uncomplicated malnutrition have 
a reasonable appetite, and on formal testing are able to eat 
a portion of ready- to- use therapeutic food (RUTF). Children 
with fever, poor appetite, diarrhoea or dehydration, or who 
are not fully alert or have generalised oedema are identifi ed 
and referred to inpatient care (a stabilisation centre), where 
initial management is delivered.

If a CMAM programme is operating in your area, chil-
dren with complicated malnutrition will be sent to the 
hospital, and you may be able to direct those with uncompli-
cated malnutrition to the CMAM programme after hospital 
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admission for an illness, or if they present with complicated 
malnutrition, once they are stabilised and on phase II feeds 
(see later). 

This subsection will deal with the care of children man-
aged in an inpatient hospital unit.

Inpatient management
The inpatient treatment of severe malnutrition is divided into 
two phases, which are separated by a transition phase.

Phase I (initial treatment)
Specifi c objectives: return of normal homeostasis and 
treatment of complications.

 O The immediate treatment of life- threatening complica-
tions: hypoglycaemia, hypothermia, heart failure, septic 
shock, infections and infestations, severe dehydration 
and very severe anaemia.

 O The prevention of hypoglycaemia and hypothermia.
 O Nutritional treatment based on a maintenance diet (total 

100 kcal/kg/day), divided into frequent meals (eight 
meals per 24 hours).

Transition phase: the diet is gradually increased over 
4–5 days.

Phase II (rehabilitation or catch- up growth) 
Specifi c objectives: promotion of rapid weight gain (10–
20 g/kg/day) and preparation for discharge.

 O A nutritional treatment based on a high energy intake 
(160–200 kcal/kg/day) divided into six meals a day.

 O Emotional and physical stimulation.

The treatment in phase II can be given as ready- to- use 
therapeutic food (RUTF) in the community, or through 
an Outpatient Therapeutic Programme (OTP), either 
administered through a hospital clinic, or preferably in 
community- based clinics. If RUTF or an equivalent (such 
as a high- energy biscuit) is not available, children continue 
on F- 100 until nutritional cure is achieved. This is usually 
defi ned as achieving 85% of median weight for height.

Ongoing nutritional support
After discharge from this therapeutic programme, it is good 
practice to link the child to a supplementary feeding pro-
gramme, which gives a food ration to the family for up to 
4 months following discharge. This is a means of ensuring 
food security for the vulnerable child. Programmes with 
this safety- net provision often discharge children at 80% 
of median weight for height. 

Admission criteria
 O Weight for height less than 70% of the median.
 O Oedema (exclude nephritic syndrome and other clinical 

conditions).
 O MUAC of less than 110 mm if the child is over 65 cm 

in length.

Assessment of nutritional status and 
recovery
For practical procedures relating to nutrition measurement, 
see Section 9.

Discharge criteria
These depend upon the quality of the follow- up services. 
If adequate follow- up services and a Supplementary Food 
Programme (SFP) are available, the discharge criteria are 
as follows:

 O weight for height of more than 80% of the median for 
3 days (85% if there is no SFP)

 O and no oedema for 10 days
 O and no medical complications.

Medical and nutritional history and 
examination
The pro- forma history and examination sheet (see Appendix, 
Section 9) should be fi lled in by the admitting physician or 
an experienced nurse.

Key points in the history 
 O Recent intake of foods and fl uids. 
 O Usual diet before current illness.
 O Whether breastfeeding or not.
 O Duration and frequency of diarrhoea and vomiting. 
 O Type of diarrhoea (watery/bloody).
 O Appetite.
 O Family circumstances.
 O Previous attempts at treatment, local drugs and/or 

traditional medicines given.
 O History of chronic cough or contact with TB.
 O History of contact with measles. 
 O Potential HIV infection (including mother’s status and 

whether parents are alive).

Key points on examination
 O Oedema.
 O Dehydration (this is very diffi cult to diagnose, and impos-

sible in the oedematous child).
 O Shock (often gives the appearance of dehydration in a 

child with oedema).
 O Severe palmar pallor.
 O Eye signs for vitamin A defi ciency (dry eyes, Bitot’s spots, 

corneal ulceration, keratomalacia) (see Section 5.10.A).
 O Signs of local infection (ear, throat, skin, pneumonia).
 O Signs of HIV (adenopathy, oral candida, chronic ear 

discharge) (see Section 6.2.D).
 O Fever.
 O Hypothermia (oral temperature < 35.5°C, axillary tem-

perature < 35°C).
 O Mouth ulcers, Candida or other oral problems.
 O Skin changes of kwashiorkor (hypo-  or hyperpigmen-

tation, desquamation, ulceration, exudative lesions 
resembling burns, often with secondary infections such 
as Candida).

Children with vitamin A deficiency are likely to be 
photophobic and will keep their eyes tightly closed. 
Examine their eyes carefully to prevent corneal rupture.

Laboratory tests
Laboratory tests are not needed to guide or monitor treat-
ment. Electrolytes and haemoglobin are diffi cult to interpret 
and can easily be misleading. If haemoglobin is measured 
this should be done on admission only, and a transfusion 
should be given at this time if essential. The patient should 
not be given a blood transfusion after the fi rst 48 hours 
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following admission. The haemoglobin level nearly always 
falls after admission due to haemodilution with expansion of 
the circulation during mobilisation of oedema and export of 
sodium from inside the cells in marasmus. At this time, with 
expansion of the circulation, there is such a grave danger 
of precipitating heart failure that a transfusion should rarely 
be given, even for very severe anaemia.

In endemic areas, a malaria smear or rapid test is use-
ful if malaria treatment is not given as part of the routine 
management of all severely malnourished children.

In regions where HIV is prevalent, HIV testing (serology 
using two tests in children over 1 year of age, or serol-
ogy and PCR for children under 1 year) is informative for 
ongoing care, initiating co- trimoxazole prophylaxis, and 
determining eligibility for antiretroviral (ARV) therapy. The 

mother of a seropositive child is invariably HIV infected, and 
mothers of seropositive children should be offered an HIV 
test. Services vary, but would normally include counselling 
prior to voluntary HIV testing. Where testing is routinely 
offered, uptake is usually high. CD4 counts are not usually 
required for the initial management of severe acute mal-
nutrition, as this follows the standard protocols, but may 
be relevant when considering initiating ARV therapy (see 
Section 6.2.D).

Details of treatment
In Phase I (initial phase) the aim is to restore nutritional 
imbalances and metabolic function and treat complications. 
Phase II (catch- up growth) is a period of rapid weight gain. 
There is a ‘transition phase’ between these phases.

TABLE 5.10.B.1 Phases of malnutrition treatment

Phases of treatment

Phase 1 (1–7 days) Transition phase (3–4 days) Phase 2 (usually 14–21 days)

Treat dehydration Correct nutrient defi ciencies

Treat hypoglycaemia

Treat hypothermia

Treat infection Treat helminths

Do not give iron Do not give iron Correct iron defi ciency

Correct electrolyte problems

Diet is maintenance intake Diet is moderate intake Diet is high intake

Stimulate the child Stimulate the child Stimulate the child

Provide physical activities

Prepare for discharge

 O There are routine measures that are systematically 
implemented for all malnourished children, and addi-
tional routine treatments that are often included.

 O Specifi c treatments: these include emergency man-
agement of life- threatening complications and of specifi c 
diseases.

 O General points: on admission, severely malnourished 
children should be separated from those with infections 
and kept in a warm room (25–30°C) without draughts. 
Washing should be minimal and when possible with 
warm water, and the child immediately dried. The mother 
should be encouraged to stay with her child.

Intravenous infusion and blood transfusion
Intravenous infusions are to be avoided whenever possible 
in all severely malnourished children. The risk of precipi-
tating heart failure is very high because of their atrophic 
heart muscle and high intracellular sodium and electrolyte 
imbalance.

 O The only indication for IV infusion in severely malnour-
ished children is unconsciousness due to circulatory 
collapse or shock. This is a condition which is diffi cult 
to diagnose.

 O The only indication for blood transfusion is when anae-
mia is present on admission and is life- threatening.

 O Cannulas should not have IV fl uids running after the 
prescribed treatment has been given. If fl ushed for IV 
treatment, they should be removed when not required. 

Nasogastric tube feeding is recommended in cases of:

 O anorexia with an intake of less than 70 kcal/kg (70% of 
phase I feed prescribed) 

 O severe dehydration with inability to drink
 O inability to drink and eat because of weakness or 

clouded consciousness
 O painful or severe mouth lesions (herpes, cancrum oris)
 O repeated, very frequent vomiting.

Try to not tube- feed for more than 3–4 days. Always explain 
the reason to the mother.

Try to breastfeed or feed by mouth every time, and top 
up by nasogastric tube.

Dehydration with severe malnutrition
Dehydration from diarrhoea is common in severely wasted 
children (with marasmus) on admission. The treatment of 
dehydration is not the same as in the non- malnourished 
child (with the exception of cholera).

This section does not apply to mild diarrhoea occur-
ring during transition from one phase to another, which is 
a common event.

Signs of dehydration in malnutrition
The normal signs used to assess dehydration are all unreli-
able in severe malnutrition.

Assume that all children with acute watery diarrhoea 
have some dehydration. 

The interpretation of the signs relies on the history. The 
specifi c signs are as follows:
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 O history and observation of frequent watery diarrhoea
 O history of recent sinking of the eyes; the eyes appear 

‘staring’
 O history of not passing urine for 12 hours
 O history and observation of thirst.

Reduced skin turgor and sunken eyes (that are long- 
standing symptoms) are features of malnutrition itself. 
It is not possible to adequately determine the degree of 
dehydration in the severely malnourished child.

The appearance of dehydration in children without 
watery diarrhoea or in those with oedema can be caused 
by a toxic shock with dilatation of the blood vessels. These 
patients should not be treated as if they have dehydration, 
but as cases of septic shock (see later).

Note that low blood volume can occur with oedema.

Oral treatment of dehydration in 
malnutrition
Standard WHO oral rehydration solutions (ORS) have too 
high a sodium content and too low a potassium content 
for children with severe malnutrition.

ReSoMal (rehydration solution for malnutrition; see 
below) is a special solution for this situation.

TABLE 5.10.B.2 Composition comparison of ReSoMal, standard 
WHO ORS and reduced- osmolarity WHO ORS

Composition ReSoMal 
(mmol/litre)

Standard 
ORS 
(mmol/litre)

Reduced- 
osmolarity ORS 
(mmol/litre)

Glucose 125 111 75

Sodium 45 90 75

Potassium 40 20 20

Chloride 70 80 65

Citrate 7 10 10

Magnesium 3 – –

Zinc 0.3 – –

Copper 0.045 – –

Osmolarity 
(mOsm/litre)

300 311 245

Children with watery diarrhoea in an 
adequate clinical state
At admission, give one dose of ReSoMal orally or by 
nasogastric tube and start to feed the child with the phase I 
diet. Feed smaller amounts more frequently if they are vomit-
ing. Further ReSoMal can be given after each stool or vomit.

 O Give a 50- mL dose for children less than 2 years or less 
than 85 cm in length.

 O Give 100 mL for children over 2 years or over 85 cm 
in length.

Children with watery diarrhoea in a poor 
clinical state
Start rehydration with ReSoMal immediately. Give 10 mL/
kg/hour for the fi rst 2 hours, and then 5 mL/kg/hour until 
rehydration is complete.

This rate is slower than for normally nourished and 
dehydrated children. 

Completed rehydration
The rehydration is completed when the child is alert, no 
longer thirsty, and has passed urine. There should be less 
sunken eyes and fontanelle and improved skin turgor. 
(Note that loss of sunken eyes in a severely wasted 
patient or the worsening of oedema can be a sign of 
over- hydration.)

The diet should now be given.

Monitoring
ReSoMal at 70 mL/kg weight per day is usually enough to 
restore hydration. However, be careful, as rehydration can 
quickly lead to fl uid overloading, causing cardiac failure 
or sudden death. Malnourished children do not excrete 
excess sodium well. The clinical state of the child should 
be reassessed every 30 minutes during the fi rst 2 hours, 
and then every hour. The best way to monitor the child is 
by regularly measuring their weight; this gives ‘fl uid balance’ 
directly and accurately, without having to measure any stool 
or vomit. The ReSoMal should be stopped immediately if:

 O the body weight increases by 10% or more
 O the respiratory rate or pulse rate increase
 O the jugular vein becomes engorged
 O oedema appears or the eyelids become puffy
 O the liver enlarges by more than 2 cm (mark its position 

on the skin with marker pen at the onset of rehydration).

Note: It is common for malnourished children to pass many 
small unformed stools. This must not be confused with pro-
fuse watery stools, and does not require fl uid replacement.

Feeding and rehydration
 O Breastfeeding should continue during rehydration.
 O Phase I diet should start immediately when the child 

is alert.
 O If the child has had severe dehydration, feeding should 

start as soon as the child is alert and the severe dehy-
dration has been treated (2–3 hours).

Rehydration solutions
If no commercial ReSoMal is available, a solution can 
be made. (Note that this is double the quantity of water 
normally used, i.e. 2 litres, so the solution is effectively half 
strength.)

To 2 litres of boiled fi ltered water add:
 O 1 sachet of ORS (3.5 grams sodium chloride, 2.9 grams 

trisodium citrate dihydrate, 1.5 grams potassium chlo-
ride, 20 grams glucose)

 O 50 grams of sugar
 O 40 mL of combined mineral mix* (or commercial CMV 

if available).

* See below for the recipe for the electrolyte/mineral solu-
tion. If this cannot be made up, use 45 mL of potassium 
chloride solution (100 grams of KCI in 1 litre of water) 
instead.

Formula for concentrated electrolyte/mineral solution
This is used in the preparation of starter and catch- up 
feeding formulas and ReSoMal. Sachets containing pre-
mixed electrolytes and minerals are produced by some 
manufacturers. If these are not available or affordable, 
prepare the solution (2500 mL) using the ingredients shown 
in Table 5.10.B.3.
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TABLE 5.10.B.3 Electrolyte and mineral mixture

Constituent Grams Concentration/20 mL

Potassium chloride (KCI) 224 24 mmol

Tripotassium citrate 81 2 mmol

Magnesium chloride 76 3 mmol

Zinc acetate 8.2 300 micromol

Copper sulphate 1.4 45 micromol

Water: make up to 2500 mL.

If available, also add selenium (0.028 grams of sodium 
selenate) and iodine (0.012 grams of potassium iodide) 
per 2500 mL.

 O Dissolve the ingredients in cooled boiled water.
 O Store the solution in sterilised bottles in the fridge to slow 

down deterioration. Discard if it turns cloudy.
 O Make fresh solution each month.
 O Add 20 mL of the concentrated electrolyte/min eral solu-

tion to each 1000 mL of milk feed.

If it is not possible to prepare this electrolyte/min eral 
solution, and pre- mixed sachets are not available, give 
potassium, magnesium and zinc separately. Make a 10% 
stock solution of potassium chloride (100 grams in 1 litre 
of water) and a 1.5% solution of zinc acetate (15 grams in 
1 litre of water).

Emergency IV treatment of severe 
dehydration with shock in severe 
malnutrition
IV infusion should be administered only in the case of cir-
culatory collapse severe enough to reduce consciousness. 
Alert children should never be given an infusion.

The main signs are as follows:
 O cold hands and feet with increased capillary refi ll time 

> 3 seconds
 O weak or absent radial pulse
 O diminished consciousness.

Severe dehydration and septic shock are diffi cult to dif-
ferentiate in children with severe malnutrition. They both 
present with signs of hypovolaemic shock. The following 
points help to differentiate them:

 O Eyelid retraction associated with a history of diarrhoea 
is a sign of severe dehydration. The child with septic 
shock has eyelids that droop.

 O If the child is unconscious (or asleep) without having 
the eyelids together (a sign of excess adrenaline), either 
dehydration or hypoglycaemia is present.

 O Superfi cial veins are always constricted in severe dehy-
dration, but may be dilated in septic shock.

Treatment protocol for life- threatening 
dehydration with shock in severe 
malnutrition
Immediate treatment should be given as follows:
1 Give 15 mL/kg IV over 1 hour. The recommended solu-

tion is Ringer- lactate or Hartmann’s solution, each with 
5% glucose.

2 At the same time, insert a nasogastric tube and give 
ReSoMal at 10 mL/kg per hour.

3 Monitor carefully for signs of over- hydration, reassessing 
respiratory rate and heart rate every 15 minutes.

 O If after 1 hour the child is improving but still severely 
dehydrated, continue nasogastric ReSoMal 10 mL/
kg/hour for up to 5 hours.

 O If after 1 hour the child has not improved (i.e. radial 
pulse is still weak), assume that they have septic 
shock and treat it accordingly (see below for treat-
ment of septic shock). Since hypoalbuminaemia is 
likely also to be present, 4.5% albumin 5–15 mL/
kg IV over 1 hour may also be helpful in intractable 
shock but this approach requires urgent research.

Electrolyte problems in SAM
All severely malnourished children have defi ciencies of 
potassium and magnesium that may take 2 weeks or more 
to correct. Oedema is partly a result of these defi ciencies. 
Do not treat oedema with a diuretic. Excess body sodium 
exists even though the plasma sodium levels may be low. 
Giving high sodium loads could kill the child.

Treatment
 O Give extra potassium (3–4 mmol/kg daily).
 O Give extra magnesium (0.4–0.6 mmol/kg daily).
 O The extra potassium and magnesium are present in 

commercial F- 75 and F- 100 feeds, but if making from 
ingredients locally should be added to the feeds during 
their preparation. See Table 5.10.B.3 for a recipe for a 
combined electrolyte/mineral solution. Add 20 mL of this 
solution to 2.5 litres of feed to supply the extra potassium 
and magnesium required. 

 O Prepare food without adding salt.

Infections in SAM: treatment and 
prevention
All malnourished children must be assumed to have an 
infection. Because of the lack of an infl ammatory response, 
clinical signs of infection may be entirely absent in a mal-
nourished child with severe systemic infection. If untreated, 
this may cause mortality, morbidity and poor weight gain.

All children with severe acute malnutrition should 
routinely be given broad- spectrum antibiotics.

Protocol for treatment
Specifi c infections
Children with specifi c infections should receive the appropri-
ate antibiotic according to local guidelines.

No specifi c infection and no suspected septic 
shock
The principle is to have a fi rst- line treatment and a second- 
line treatment.

 O First- line treatment is routinely given on admission to 
all severely malnourished children without complications 
such as septic shock, hypothermia, hypoglycaemia 
or a specifi c infection (skin, eyes). This is usually oral 
amoxicillin or co- trimoxazole.

 O Second- line treatment is given after 48 hours to chil-
dren who do not respond to the fi rst- line treatment, and 
to all children with complications. This usually includes a 
parenteral antibiotic, although absorption of oral cipro-
fl oxacin and chloramphenicol is excellent, so these can 
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be used orally once the child is stabilised. Some units 
routinely give metronidazole 7.5 mg/kg orally 8- hourly 
for 7 days in addition to the above.

The choice of the antibiotics used in fi rst- line and second- 
line treatment is based on local guidelines, which are ideally 
informed by local resistance patterns. Factors such as 
route of administration, availability and cost of the drugs 
are all relevant. It should be a broad- spectrum antimicrobial 
agent, such gentamicin 7.5 mg/kg IV once daily for 7 days, 
in combination with either ampicillin (50 mg/kg 6- hourly for 
2 days IV) then oral amoxicillin (15 mg/kg/dose 8- hourly for 
5 days) or ciprofl oxacin (10 mg/kg 12- hourly IV or orally for 
7 days). If the child fails to improve after 48 hours, add chlo-
ramphenicol 25 mg/kg 8- hourly (IV or oral) or ceftriaxone 
100 mg/kg daily IV (or IM if this is not possible). These doses 
are correct for children over 1 year of age, but all doses 
should be checked against local guidelines, and for infants.

Septic shock: recognition
Septic shock is a very common cause of deaths in these 
patients. The signs are as follows:

 O clouding of consciousness
 O rapid respiratory rate:

 — 50 breaths/minute for children aged 2–12 months
 — 40 breaths/minute for children aged 12 months to 
5 years

 O rapid pulse rate
 O cold hands and feet with visible subcutaneous veins and 

prolonged capillary refi ll time > 3 seconds
 O signs of dehydration but without a history of watery 

diarrhoea
 O hypothermia or hypoglycaemia
 O poor or absent bowel sounds
 O an abdominal splash when the child is shaken.

It can be very diffi cult to distinguish between severe dehy-
dration and septic shock.

Suspected septic shock: treatment
 O A broad- spectrum IV antibiotic treatment (ceftriaxone) 

is started immediately.
 O Warm the child to prevent or treat hypothermia (see 

hypothermia below).
 O Feeding and fl uid maintenance should be undertaken 

by nasogastric tube or orally.
 O Close monitoring of the vital signs (pulse, respiration and 

conscious level) is essential.

Circulatory collapse
 O Give high- fl ow oxygen through a face mask with reservoir. 
 O Give IV infusion as described in the case of circulatory 

collapse due to severe dehydration. However, as soon 
as the radial pulse becomes strong and the child regains 
consciousness, discontinue the infusion and start the 
diet orally or by nasogastric tube.

Hypothermia: prevention and treatment
Malnourished children have a low metabolic rate. The 
thermoneutral temperature is 28–32°C. At 24°C they can 
become hypothermic. Those with infection or extensive skin 
lesions are at particular risk. A hypothermic malnourished 
child should always be assumed to have septicaemia.

Signs
The signs of hypothermia are a core temperature (oral) 
< 35.5°C (with a low- reading thermometer). If the axil-
lary temperature is < 35°C or does not register, assume 
hypothermia.

Routine prevention
 O Cover all children with clothes and blankets. They should 

wear a warm hat (most heat is lost from the head).
 O Ensure that the mother sleeps alongside her child. Do 

not leave a child alone in bed at night.
 O Keep the ward doors and windows closed to avoid 

draughts.
 O Avoid wet nappies, clothes or bedding.
 O Do not wash very ill children. Others can be washed 

quickly, ideally with warm water, and dried immediately.
 O Make sure that the child is fed, so that metabolic heat 

can be produced. Ensure that feeds occur during the 
night.

 O Avoid medical examinations which leave the child 
feeling cold.

Emergency treatment of hypothermia
 O Immediately place the child on the mother’s bare chest 

or abdomen (skin to skin) and cover both of them. Give 
the mother a hot drink to increase her skin blood fl ow.

 O If no adult is available, clothe the child thoroughly (includ-
ing the head) and put them near a lamp or radiant heater.

 O Immediately treat for hypoglycaemia (see below) and 
then start normal feeds.

 O Give second- line antibiotics.
 O Monitor the temperature every 60 minutes until it is 

normal (> 36.5°C).

Hypoglycaemia: prevention and treatment
Severely malnourished children easily develop hypoglycae-
mia. This is associated with serious infection. If available, 
test blood glucose levels (< 2.5 mmol/litre), or if they are 
not measurable assume that hypoglycaemia is present.

Signs
The main signs of hypoglycaemia are as follows:

 O lethargy, limpness, loss of consciousness or convulsions
 O drowsiness/unconsciousness with the eyelids partly 

open, or retraction of the eyelids
 O low body temperature
 O convulsions.

Sweating and pallor do not usually occur in this 
situation.

Routine prevention
 O Give frequent small feeds, day and night.
 O Feeding should start while the child is being admitted.
 O Treat any infections.

Emergency treatment
If hypoglycaemia is suspected:

 O If the child can drink: give therapeutic milk or 50 mL of 
glucose 10%, or 50 mL of drinking water plus 10 grams 
of sugar (one teaspoon of sugar in 3.5 tablespoons of 
clean water). Follow this with the fi rst feed as soon as 
possible. If achievable, divide the fi rst feed into four and 
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give half- hourly. If not, give whole feeds every 2 hours 
during the day and night for at least the fi rst day.

 O If the child is unconscious or has convulsions: 
give 5 mL/kg body weight of glucose 10% IV or by the 
intra- osseous (IO) route, or if neither of these routes is 
possible give 5 mL/kg of glucose 10% or sugar solution 
as described above by nasogastric tube.

Continue frequent feeding to avoid a recurrence.
Give second- line antibiotics.
If there are convulsions other causes must be excluded, 

including cerebral malaria, meningitis, encephalitis, thiamine 
defi ciency and hypernatraemic/hyponatraemic dehydration 
(especially in hot dry climates).

If blood glucose levels are available and are low, repeat 
the fi nger or heel prick after 60 minutes.

Congestive heart failure
This is a common and dangerous complication that usually 
occurs several days after admission. The heart muscle is 
atrophic (effectively there is a cardiomyopathy). During early 
recovery from severe malnutrition, sodium can be mobilised 
from the tissues before the kidney recovers suffi ciently to 
excrete the excess. All blood transfusions must be done as 
soon as possible (in the fi rst 2 days after admission), and 
should be rarely indicated.

Heart failure is usually caused by inappropriate treat-
ment, including the following:

 O misdiagnosis of dehydration with consequent inappro-
priate ‘rehydration’

 O very severe anaemia
 O overload due to blood transfusion 
 O a high- sodium diet, using conventional oral rehydration 

solution, or excess ReSoMal
 O inappropriate treatment that involves ‘re- feeding diar-

rhoea’ with rehydration solutions.

Signs
Excess weight gain is the most reliable sign, and daily 
weights should be taken for all malnourished children. 
Differentiate pneumonia and heart failure by weighing the 
child. If their weight has increased, particularly if by more 
than 5%, consider heart failure. If they have lost weight, 
consider pneumonia.

First sign: fast breathing:
 O 50 breaths/minute for children aged 2–12 months
 O 40 breaths/minute for children aged 12 months to 

5 years.

Later signs:
 O lung crepitations 
 O respiratory distress 
 O rapid pulse rate
 O engorgement of the jugular vein 
 O cold hands and feet
 O cyanosis or hypoxaemia diagnosed by pulse oximetry 

if available (SaO2 < 94% in air at sea level)
 O liver enlarged by > 2 cm from baseline.

Emergency treatment of congestive cardiac 
failure

 O Give high- fl ow oxygen.
 O Stop all oral intake and IV fl uid.

 O The treatment of heart failure takes precedence over 
feeding of the child.

 O No fl uid at all should be given until the cardiac function 
improves, even if it takes 24–48 hours.

 O Give a diuretic IV, usually furosemide (1 mg/kg). This is 
the only situation in which diuretics should be used: 
diuretics should never be given to reduce oedema 
in malnourished children.

Measles: prevention and treatment
Measles is especially dangerous in severe malnutrition.

Routine prevention
All children over 6 months of age who are admitted with 
malnutrition should be vaccinated against measles. This 
is often done weekly, but if measles is being transmitted 
locally, it should be done on admission. A second dose 
of vaccine in a previously immunised child is not harmful. 
A second dose should be given once recovered or at the 
normal time, where the prior vaccination state is uncertain 
or the child was not vaccinated before admission.

Treatment of measles
If a case of measles is admitted:

 O Isolate the individual and any suspected cases.
 O Review the vaccination status of all patients in the ward, 

and ensure that all are immunised.
 O Give two doses of vitamin A separated by 1 day.
 O Treat for measles (see Section 6.2.E) as well as for 

malnutrition.

Micronutrient defi ciencies
All children with acute malnutrition will have these defi cien-
cies. Commercial F- 100 and RUTFs contains all of the 
required micronutrients in the correct amounts. 

If not using these, give a daily multivitamin supplement, 
and add a mineral mix to the feeds. This should contain 
potassium, zinc, copper, magnesium and ideally sele-
nium. Premixed sachets are available, or a solution can be 
made. It is important to avoid adding iron to milk- based 
feeds during the fi rst 2 weeks, and until the child is gain-
ing weight (RUTFs contain iron within the food, and this is 
safe to use for stable children and in CMAM programmes). 
After 2 weeks, iron is added to the F- 100 feeds. In goitrous 
regions, potassium iodide should be added to the mineral 
mixture (12 mg/2500 mL), or else the child should be given 
Lugol’s iodine, 5–10 drops per day.

Vitamin A: prevention and treatment
Routine preventive treatment
Oral vitamin A is particularly important for the severely mal-
nourished child, and one dose should be given routinely to 
each child admitted with malnutrition.

TABLE 5.10.B.4 Vitamin A dosage: preventive treatment

Weight Dose at admission

< 6 kg 50 000 IU once

6–10 kg 100 000 IU once

> 10 kg 200 000 IU once



523

Section 5.10

Treatment of xerophthalmia
If a child shows signs of vitamin A defi ciency (xerophthal-
mia) or has measles, three doses of vitamin A treatment 
should be given.

TABLE 5.10.B.5 Vitamin A dosage in xerophthalmia

Weight Dose on 
day 1

Dose on 
day 2

Dose on 
day 3

< 6 kg 50 000 IU 50 000 IU 50 000 IU

6–10 kg 100 000 IU 100 000 IU 100 000 IU

> 10 kg 200 000 IU 200 000 IU 200 000 IU

If the eyes show signs of infl ammation or ulceration, give 
the following additional care to the affected eye(s) to prevent 
corneal rupture and extrusion of the lens:

 O Instil chloramphenicol or tetracycline eye drops, 2-  to 
3- hourly as required for 7–10 days.

 O Instil atropine eye drops, one drop three times daily for 
3–5 days.

 O Cover with sterile saline- soaked eye pads.
 O Bandage the eye(s).

Note that children with vitamin A defi ciency are likely 
to be photophobic and have their eyes closed. It is 
important to examine their eyes very gently to prevent 
corneal rupture.

Treatment of anaemia 
The majority of malnourished children have anaemia. This 
is due to the many defi ciencies they have (iron, folic acid, 
ribofl avin, pyridoxine, ascorbic acid, vitamin E, copper) and 
their inability to metabolise iron. Iron should not be given 
until 2 weeks after the start of treatment.

Routine treatment
Folic acid
Give 5 mg of folic acid on the day of admission, then 1 mg/
day thereafter (in F- 100 already).

Iron
Iron should never be given during Phase I or during the 
transition phase. In malnourished patients, iron is not prop-
erly metabolised and is therefore dangerous. The free iron 
enhances the production of free radicals that can damage 
cell walls. Excess free iron encourages systemic infection.

Oral iron supplementation should start 14 days after 
admission. This is best added to the F- 100 milk diet at a 
dose of one crushed tablet of ferrous sulphate (200 mg) 
to 2 litres of therapeutic milk. Alternatively, it can be given 
as ferrous sulphate 3 mg/kg/day orally, which should be 
continued until anaemia has resolved clinically, or ideally 
on blood test. It is present in adequate amount in RUTF. 

Emergency treatment of very severe 
anaemia
Blood transfusion in malnourished children is potentially 
dangerous because it can precipitate heart failure. There 
are only two indications for considering blood transfusion, 
namely:

 O the child with a haemoglobin concentration of 
< 4 grams/100 mL, especially if in shock

 O the child with signs of heart failure due to anaemia (at 
immediate risk of death).

Give 10 mL/kg body weight of packed cells (or whole blood) 
slowly by partial exchange transfusion. Ideally, and if this 
can be achieved, use a carefully and continuously observed 
cannula in an artery or central vein. It is also possible in a 
vein in the antecubital fossa. First 2.5 mL/kg of anaemic 
blood is removed and then when 5 mL/kg of appropriately 
screened and cross- matched blood has been transfused, 
2.5 mL/kg is again taken and the cycle is repeated. The child 
is closely monitored for signs of congestive heart failure.

If partial exchange is not possible and heart failure is 
present, give 10 mL/kg, ideally as packed cells, otherwise as 
whole blood. Transfuse over 4 hours and give IV furosemide 
1 mg/kg at the start of the transfusion. Monitor carefully for 
worsening heart failure.

Intestinal parasites
Routine treatment
Routine deworming treatment is given to all children over 
1 year of age, but only in phase II or the transition phase.

For children over 1 year of age, give mebendazole 
100 mg (1 tablet) twice daily for 3 days. Some countries use 
albendazole 200 mg (for children aged 12–24 months) or 
400 mg (for those over 24 months of age) once.

Dermatosis of kwashiorkor
Shedding of the skin in scales or sheets, desquamation, 
exfoliation, cracking of the skin surface, and ulceration of 
the genital or perianal areas are all common.

There can be widespread weeping skin lesions that 
resemble burns.

Zinc defi ciency is usual in this situation, and oral zinc 
sup plements improve the skin (give 2 mg/kg/day of elemen-
tal zinc).

Treatment
 O Leave the exposed area open to dry during the day.
 O Apply barrier cream (zinc and castor oil ointment) or 

petroleum jelly or tulle gras to the raw areas, and gentian 
violet or nystatin cream to the skin sores twice a day.

 O These children should be on broad- spectrum antibiotics.
 O Do not use plastic pants or disposable nappies for 

these children.

Continuing diarrhoea 
See also Section 5.12.B.

Diarrhoea should subside during the fi rst week of treat-
ment. In the rehabilitation phase, loose or poorly formed 
stools are normal and do not need treatment provided that 
weight is increasing.

Treatment
Giardiasis
Giardiasis and mucosal damage are common causes of 
continuing diarrhoea. Where possible, examine the stools 
by microscopy.

If cysts or trophozoites of Giardia lamblia are found, 
give metronidazole (7.5 mg/kg 8- hourly for 7 days). If not 
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detected but clinically Giardia is possible, give metronida-
zole anyway.

Lactose intolerance
Diarrhoea is only rarely due to lactose intolerance. Only 
treat for lactose intolerance if the continuing diarrhoea is 
preventing general improvement. Starter F- 75 is a low- 
lactose feed. In exceptional cases:

 O Substitute milk feeds with yoghurt or a lactose- free 
infant formula.

 O Reintroduce milk feeds gradually in the rehabilitation 
phase.

Osmotic diarrhoea
This may be suspected if the diarrhoea worsens substan-
tially with hyperosmolar F- 75, and ceases when the sugar 
content and osmolarity are reduced. In these cases:

 O Use a lower osmolar cereal- based starter F- 75 (for the 
recipe, see Table 5.10.B.7) or, if available, use a com-
mercially prepared isotonic starter F- 75.

 O Introduce catch- up F- 100 gradually.

Malaria: treatment and prevention
In endemic areas, all malnourished children should have a 
rapid malaria smear or rapid test on admission. Where this 
is not possible, all malnourished children should receive 
antimalarial treatment according to local guidelines for the 
area. The parasitaemia is usually much lower than in normal 
children. In initially smear- negative children, there can be a 
recrudescence during nutritional replacement treatment, so 
consider malaria in children who develop fever.

Children and mothers should sleep under impregnated 
nets in the wards.

Tuberculosis
In patients treated for malnutrition, tuberculosis (TB) can be 
a cause of failure to gain weight. In malnourished children, 
the diagnosis of tuberculosis is particularly diffi cult and 
misdiagnosis is common.

How to diagnose pulmonary TB
The signs of TB in malnourished children are often not spe-
cifi c (e.g. anorexia, failure to thrive). Asymmetric chest signs 
or asymmetric lymph nodes are usually TB. Pneumonia in 
malnourished children affects both lungs, and HIV gives 
symmetrical lymphadenopathy.

Consider TB as a possible diagnosis in children who 
fail to gain weight during admission.

Sputum is rarely available. The Mantoux test can be neg-
ative in malnutrition. Undertake a chest X- ray if possible. A 
family history is often helpful. BCG offers protection against 
TB, but does not protect completely against infection.

Treatment (see Section 6.1.N)
Children with TB should not be isolated, for the follow-
ing reasons:

 O Young children are not a source of transmission (as it is 
rarely a cavitating disease).

 O Treatment quickly eliminates the risk of transmission.
 O An isolated child is stigmatised and neglected in 

resource- limited settings.

Usually paediatric TB is acquired from a sputum- positive 
adult, so the TB infected carer is a much higher infection 
risk to the ward. Take note of the carer on the ward with 
cough, as they should have a chest X- ray.

Malnutrition and AIDS 
Basically, the initial stabilisation phase and nutritional treat-
ment of HIV- infected patients is the same as for any other 
severely malnourished patient (see Section 6.2.D). They 
follow the same dietary and initial medical treatments. Many 
HIV- positive patients will respond well to the nutritional 
treatment and gain weight. 

However, in units where HIV is prevalent, and par-
ticularly where there are programmes that offer additional 
nutritional support, co- trimoxazole, ARV treatment, PMTCT, 
and counselling on future pregnancies, there are excellent 
reasons why a carer would choose to have their child 
identifi ed during admission as infected with HIV. Moreover, 
where this is routinely offered, such a policy is not found 
to be stigmatising. 

The presentation of HIV- infected children is similar 
to that of the uninfected, so cannot be easily identifi ed 
clinically, although there are some conditions that are more 
common. HIV- infected children are less likely to present with 
kwashiorkor than with marasmus. They are more likely to 
have oral candida, discharging ears, lymphadenopathy, 
chronic cough, persistent diarrhoea and dermatosis. They 
may have a family member with HIV, or be orphaned. They 
may present in infancy, while still breastfeeding, which is 
an uncommon time for presentation with severe acute 
malnutrition otherwise. 

HIV testing should follow counselling, and be voluntary. 
It is usually done using two rapid ELISA serological tests. 
In infants under 1 year of age, serology refl ects maternal 
status rather than infection in the infant. To diagnose infec-
tion in infants, a PCR test is required. All children identifi ed 
as infected with HIV (or where PCR is not available as 
having indeterminate status) should be commenced on 
prophylactic co- trimoxazole. This has been shown to 
reduce long- term mortality. 

In an HIV- infected infant, or one possibly infected with 
HIV and presenting with malnutrition, it is not sensible to 
stop breastfeeding during admission, as this will deprive 
the infant of an important source of nutrition. For children 
who are PCR negative, but exposed to HIV, the decision 
is less clear, although it will depend on the mother’s likely 
viral load (check whether she is on ARV treatment), the 
food security of the family, the mother’s ability to provide an 
alternate breast milk substitute, and her choice. There will 
usually be guidelines depending on local factors.

If the HIV- infected child is not responding well to mal-
nutrition treatment, this may be because of unidentifi ed 
infection. Non- typhoidal salmonella (NTS) is more common, 
as are organisms resistant to commonly used antibiotics. 
TB is a recognised co- infection, although it may be diffi cult 
to identify. Some children do not start gaining weight until 
ARV drugs are started.

It is not known when it is best to initiate ARV therapy in 
severe acute malnutrition, although it is generally accepted 
that children should be on phase II feeds. Some children do 
not meet the criteria for treatment clinically if they respond 
well to nutritional support with rapid weight gain. CD4 
testing is helpful for determining who would benefi t, as not 
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all HIV- infected children have severe immunodefi ciency, 
because HIV can be related to malnutrition through food 
insecurity as well as illness. However, long- term follow- up 
of infected malnourished children has identifi ed them as 
being at high risk of mortality, suggesting that earlier ARV 
treatment might be of greater help in reducing this.

On discharge it is important to ensure that the child is 
linked into HIV and nutrition support programmes which 
the family can access, that carers are aware of the ongo-
ing needs of the child, and that the wider family is offered 
HIV testing.

Dietary treatment of severe 
malnutrition
Dietary treatment in Phase I
Objectives
The aim of this phase is progressive restoration of the 
electrolyte, metabolic and physiological balance by the 
frequent feeding of special formula milk.

Principles
Severely malnourished children are usually anorexic, and 
have thin bowel walls, damaged metabolism, and too much 
sodium in their bodies. Initially they require a low- salt and 
low- protein diet and are unable to tolerate large amounts of 
food because their capacity is reduced. Therefore initially a 
diet high in carbohydrate with low levels of sodium and iron 
and very modest protein content is given. This diet leads 
to restoration of metabolic and physiological function, but 
is insuffi cient for weight gain.

 O Feeding should start quickly after admission.
 O It should be divided into many small meals to stay within 

the absorptive and metabolic capacity of the child and 
to prevent hypoglycaemia and hypothermia.

 O The child should be encouraged to eat, but not be 
forced to do so. Feeding a malnourished child requires 
time and patience. Use a cup, bowl, spoon or syringe 
to feed very weak children. If the child takes less than 
70% of the prescribed diet, they should be fed by a 
nasogastric tube.

 O Always continue breastfeeding, and encourage the 
mother to breastfeed. After the breastfeed give the 
scheduled amounts of starter formula fi rst (see below).

The following guidelines are also useful:
 O Give frequent small feeds of low osmolarity and low 

lactose content.
 O Night feeds are essential.
 O Give oral or nasogastric feeds (never parenteral 

preparations).
 O Give 100 kcal/kg/day.
 O Protein: give 1–1.5 grams/kg/day.
 O Liquid: give 130 mL/kg/day to all children, whether or 

not oedema is present.

TABLE 5.10.B.6 A recommended schedule

Days Frequency Volume/kg/
feed

Volume/kg/
day

1–2 2- hourly 11 mL 130 mL

3–5 3- hourly 16 mL 130 mL

6 onwards 4- hourly 22 mL 130 mL

Mix the milk, sugar, oil and electrolyte/mineral solution 
to a paste, and then slowly add the warm boiled water. 
Make up to 1000 mL. If available, use an electric blender 
or hand whisk.

What food to give
The special milk for phase I is called F- 75. If it is not avail-
able, F- 100 should be diluted to the same calorie strength 
as F- 75 and given in its place. Alternatively, it can be made 
from ingredients using the recipe in Table 5.10.B.7 above.

TABLE 5.10.B.7 Volumes of F- 75 per feed

Child’s weight 
(kg)

2- hourly 
(mL/feed)

3- hourly 
(mL/feed)

4- hourly 
(mL/feed)

2.0 20 30 45

2.2 25 35 50

2.4 25 40 55

2.6 30 45 55

2.8 30 45 60

3.0 35 50 65

3.2 35 55 70

3.4 35 55 75

3.6 40 60 80

3.8 40 60 85

4.0 45 65 90

4.2 45 70 90

4.4 50 70 95

4.6 50 75 100

4.8 55 80 105

5.0 55 80 110

5.2 55 85 115

5.4 60 90 120

5.6 60 90 125

5.8 65 95 130

6.0 65 100 130

6.2 70 100 135

6.4 70 105 140

6.6 75 110 145

6.8 75 110 150

7.0 75 115 155

7.2 80 120 160

7.4 80 120 160

7.6 85 125 165

7.8 85 130 170

8.0 90 130 175

8.2 90 135 180

8.4 90 140 185

8.6 95 140 190

8.8 95 145 195

9.0 100 145 200

9.2 100 150 200

9.4 105 155 205

9.6 105 155 210

9.8 110 160 215

10.0 110 160 220
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F- 75 contains:
 O 75 kcal/100 mL
 O 0.9 grams of protein/100 mL (around 5% of kcal pro-

vided by protein)
 O 2 grams of fat/100 mL (around 32% of kcal provided 

by fat)
 O 13 grams of carbohydrate/100 mL (around 62% of kcal 

provided by carbohydrates).

What quantity of food to give
Give 100 kcal/kg/day. The daily number of kcal should be 
divided by the number of meals given during the day (usu-
ally eight meals per day).

F- 75: 133 mL = 100 kcal.

Example
A child of 6 kg should receive a diet of 100 kcal/kg/day. The 
child will be given eight meals of F- 75.

Number of kcal/day: 100 kcal × 6 kg = 600 kcal. 
Quantity of F- 75 per day: 800 mL (798 exactly). Quantity 
per meal: 800/8 = 100 mL.

Do not exceed 100 kcal/kg/day in this initial phase. 
Diarrhoea should gradually decrease and oedematous 
children should lose weight as the oedema disappears. If 
diarrhoea continues, see above.

Dietary treatment in the transition phase 
(for 48 hours)
What food to give
In the transition phase, full- strength F- 100 is given in the 
same volume that was calculated for F- 75 in phase I. 
There is no other change made in the transition phase. 
F- 100 contains:

 O 100 kcal/100 mL
 O around 2.6 grams of protein/100 mL (10% of kcal pro-

vided by protein)
 O around 5.6 grams of fat/100 mL (50% of kcal provided 

by fat)
 O around 9.8 grams of carbohydrate (40% of kcal provided 

by carbohydrate).

There are two forms of F- 100.

Commercial F- 100
This therapeutic milk is prepared in a sachet. All that the 
nurse has to do is open the packet and dilute the contents 
in 2 litres of potable (boiled) water. The commercial F- 100 
has a lower osmolarity to reduce ‘re- feeding’ diarrhoea in 
the severely malnourished children. 

TABLE 5.10.B.8 Homemade recipes for re- feeding formulas F- 75 and F- 100

F- 75ab (starter) F- 75c (starter: cereal- based) F- 100d (catch- up)

Dried skimmed milk (grams) 25 25 80

Sugar (grams) 100 70 50

Cereal fl our (grams) – 35 –

Vegetable oil (grams) 27 27 60

Electrolyte/mineral solution 
(mL)

20 20 20

Water: make up to (mL) 1000 1000 1000

Contents per 100 mL

Energy (kcal) 75 75 100

Protein (grams) 0.9 1.1 2.9

Lactose (grams) 1.3 1.3 4.2

Potassium (mmol) 4.0 4.2 6.3

Sodium (mmol) 0.6 0.6 1.9

Magnesium (mmol) 0.43 0.46 0.73

Zinc (mg) 2.0 2.0 2.3

Copper (mg) 0.25 0.25 0.25

% energy from protein 5 6 12

% energy from fat 32 32 53

Osmolality (mOsm/litre) 413 334 419
a A comparable starter formula can be made from 35 grams of whole dried milk, 100 grams of sugar, 20 grams of oil, 20 mL of 
electrolyte/mineral solution, and water to make 1000 mL. If using fresh cow’s milk, take 300 mL of milk, 100 grams of sugar, 20 mL of 
oil, 20 mL of electrolyte/mineral solution, and water to make 1000 mL.
b lsotonic versions of F- 75 (280 mOsmol/litre) are available commercially, in which maltodextrins replace some of the sugar, and 
in which all of the extra nutrients (potassium, magnesium and micronutrients) are incorporated. These are of lower osmolarity and 
therefore less likely to cause osmotic diarrhoea.
c Cook for 4 minutes. This may be helpful for children with dysentery or persistent diarrhoea.
d A comparable catch- up formula can be made from 110 grams of whole dried milk, 50 grams of sugar, 30 grams of oil, 20 mL of 
electrolyte/mineral solution, and water to make 1000 mL. If using fresh cow’s milk, take 880 mL of milk, 75 grams of sugar, 20 mL of 
oil, 20 mL of electrolyte/mineral solution, and water to make 1000 mL.
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Home- made F- 100
This can be made from ingredients using the recipe shown 
in Table 5.10.B.8 above.

Dietary treatment in phase II
Objectives
The aim is catch- up growth of the child with rapid weight 
gain (10–20 g/kg/day). Usually the appetite has returned.

Principles
The child has re- established their physiological balance 
and should get enough food to gain weight as quickly as 
possible. They are given a high- energy diet with normal 
protein content.

 O The intake is increased in quantity (to about 200 kcal/
kg/day).

 O Reduce meal frequency from eight to six meals per day.
 O There should be no limit on the quantity of food given. 

The child is allowed to eat as much as they want, but 
must never be forced to eat.

 O Breastfeeding continues. Breast milk must always be 
offered before the high- energy food is given.

 O Aim for weight gain of more than 10 grams/kg/day.
 O Remain alert for heart failure.

What food to give
The basic diet is composed of F- 100 meals. However, 
when the child is gaining weight quickly, other foods can 
be introduced – for example:

 O enriched porridges (1 mL contains 1 kcal/gram) as one 
to two meals a day

 O enriched biscuits (useful for overnight feeding if phase II 
is conducted in a day- care centre) or RUTF (see below)

 O local meal: composed of the usual food eaten in the area; 
this should be enriched in the pot with the addition of 
oil and CMV and sometimes DSM.

Quantity of food to give
Dispense and offer 200 kcal/kg of F- 100 per kg of body 
weight per day.

Example of calculation
A child who weighs 9 kg should receive 200 kcal × 9 = 1800 
kcal per day. The child will receive six meals per day, and 
each meal should provide 1800 kcal/6 = 300 kcal.

The diet is composed of six meals of F- 100. The 
enriched porridge or family meal is given in addition if the 
child wishes to take it.

 O F- 100 (1 mL of F- 100 = 1 kcal): the child should receive 
300 mL of F- 100 per meal.

Older children and adolescents, when they are gaining 
weight rapidly, often do not want the milk and demand 
‘solid food’. This usually slows the rate of recovery. The 
solid food should always be enriched.

When developing local recipes the weight gain should 
be compared with that of children taking F- 100 alone. If the 
weight gain is similar, the recipe for the porridge is adequate.

Ready- to- use therapeutic foods (RUTFs)
RUTFs have been developed to provide the same nutritional 
content as F- 100, but in a peanut- butter- type paste that 
is not susceptible to pathogens growing in it, due to its 
low water content. These are usually based on a mix of 

groundnuts, vegetable oil, dry skimmed milk, sugar and 
micronutrient mix. If this is available, children can be intro-
duced to this when on phase II feeds, and if they have a 
good appetite, could be followed up after 1–2 weeks in an 
outpatient-  or community- based malnutrition programme. 
This is referred to as an Outpatient Therapeutic Programme 
(OTP), CMAM or CTC (see Further Reading at the end of 
this subsection).

Individual child monitoring
Phase I
A daily medical and nutritional round of all the children in 
phase I should be done. The children should be carefully 
monitored every day for:

 O oedema
 O weight
 O appetite: how the child is eating and the quantity eaten
 O clinical state: consciousness, diarrhoea, vomiting, skin, 

etc.
 O behaviour: apathetic, alert, crying, etc.
 O temperature
 O liver size, heart rate and heart sounds.

This information should be recorded every day on an 
individual chart.

When to pass to the transition phase
Children usually remain in phase I for 1–7 days. The child 
can pass to the transition phase when:

 O they regain appetite
 O they are lively and interested
 O serious medical complications are under control
 O oedema is decreasing (although it may be still present).

If after 5–7 days the child is not ready for the transition phase, 
they should be completely re- examined and investigated.

After 2 days in the transition phase without experiencing 
any problem, the child is ready to move to phase II. Oedema 
should be signifi cantly improved, and the child must be 
stable, before progressing to phase II.

Phase II
The monitoring in phase II includes the following:

 O a daily round by the nurse, who checks the general state 
of the child, including whether there is oedema, nausea 
or vomiting, and how the child is eating

 O a physician round undertaken weekly if the child is stable
 O measurement of the child’s weight twice a week if they 

are well
 O measurement of their height monthly or in each OTP 

clinic review.

This information should be recorded on the individual chart.
If a child develops a complication in phase II, such 

as re- feeding diarrhoea or vomiting that requires pas-
sage of a nasogastric tube, rehydration solutions, 
transfusion, etc., they should be returned to phase I 
and subsequently the transition phase again. The above 
treatments must never be given to children while in 
phase II and taking very large amounts of F- 100 diet.

When the child can be discharged
Children remain in phase II until they meet the criteria for 
recovery. The average total length of stay is around 4 weeks 
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in traditional inpatient care, and longer if very severe com-
plicated malnutrition, HIV, TB, or underlying disease or 
disability is present.

Figure 5.10.B.1 shows an example of a typical growth 
recovery chart.

When the child has reached their target weight and is 
in a good clinical state, they will be either referred to a sup-
plementary feeding programme or sent directly home with 
arrangements made for follow- up. Children with long- term 
illness should be transferred to an appropriate community 
service.

Failure to gain weight
If the child fails to gain weight they should be investigated. 
Weight gain is defi ned as poor if it is less than 5 grams/
kg/day, moderate if it is 5–10 grams/kg/day, and good if 
it exceeds 10 grams/kg/day. The following are the most 
common reasons for failure to gain weight:

 O Food prescription or food preparation (kitchen) is incor-
rect and the child has not received the right quantity of 
the right food.

 O The child does not eat the amount of food prescribed 
(e.g. because they dislike the food, or the food is being 
eaten by other people).

 O Suspect hidden acute infections (e.g. urinary tract infec-
tion, acute respiratory infection, otitis media, mouth 
candidiasis, giardiasis).

 O There are chronic hidden infections (tuberculosis, HIV).
 O Re- examine, do stool and urine microscopy, and take 

a chest X- ray.
 O Look for poor feeding techniques, and check that night 

feeds are occurring.

FIGURE 5.10.B.1 Weight catch- up chart for a boy weighing 5.8 kg 
on admission to hospital.

Emotional and physical stimulation
The severely malnourished child is nearly always psy-
chosocially deprived. The illness itself makes the child 
unresponsive, and so they do not cry or complain. Because 
mothers use a cry as the signal to give attention, these 

children do not receive the attention they need to stimulate 
them. The neglect is not wilful on the part of the mother, but 
rather it is a failure of the two- way communication between 
the mother and her child.

Because they do not cry or complain, these children are 
often also neglected by nurses and staff. This greatly com-
pounds the problems associated with being in a strange 
environment. It is essential to stimulate these children, 
particularly the unresponsive ones. The ward should be 
made as much like home as possible and children should 
sleep alongside their mothers. 

 O In phase I it is essential that the mother (or other carer) 
is present, feeds the child, comforts them, holds them, 
plays with them, and talks and sings to them.

 O In phase II it is important to stimulate the child to move, 
and to play with other children. A play area should always 
be present. Staff should be identifi ed who have a respon-
sibility for providing (local) toys and encouraging play.

The daily organisation of the activities
To organise the treatment of malnourished children, a 
schedule of activities (e.g. care, distribution of meals) must 
be established. An example is given below.

TABLE 5.10.B.9 Daily organisation of activities

Time 
(24- hour 
clock)

Children in phase I and 
transition phase

Children in phase II 
(day care)

02.00 Milk distribution

05.00 Milk distribution

07.00 Team changeover (day 
shift)

07.30 Temperatures Arrival of children

08.00 Milk distribution and 
drugs

Milk distribution and 
drugs

09.00 Weight, oedema 
assessment

Weight, oedema 
assessment

09.30 Mother’s meal Medical round

10.00 Medical round Milk distribution

11.00 Milk distribution Mother’s meal

12.00 Milk distribution and 
drugs

13.00 Dressings Dressings

14.00 Milk distribution and 
drugs

15.00 Porridge distribution

16.00 Mother’s meal Mother’s meal

17.00 Milk distribution Milk distribution

18.00 Medical round Departure home with 
porridge and enriched 
biscuits for the night

19.00 Team changeover (night 
shift)

20.00 Milk distribution and 
drugs

21.00 Close windows, wrap child

23.00 Milk distribution
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Inappropriate practices
 O Too much sodium, energy and protein given during 

phase I of treatment.
 O No distinction made between phases I and II.
 O Failure to monitor food intake.
 O Lack of feeding at night.
 O Lack of blankets and hats.
 O No daily schedule organised.
 O Diuretic given to treat oedema.
 O Anaemia treated from time of admission with iron 

supplements.
 O Intravenous fl uids given for indications other than cir-

culatory collapse.
 O Use of high- sodium diet and standard oral rehydration 

solution.
 O Routine antibiotics not given.
 O No vitamin A given.
 O No measles vaccine given.

Problems with the management of severe 
malnutrition
A high level of care is needed. The treatment of a severely 
malnourished child requires intensive protocol- based care, 
like that for a premature neonate, with close monitoring, 
some complex medical care (severe or chronic infections), 
a diet well enriched in nutrients (F- 100, etc.), and an emo-
tionally stimulating, rich and physically warm environment.

The resources are almost always limited. The limited 
fi nancial resources lead to diffi culty in obtaining therapeutic 
milks and other fortifi ed food, drugs and materials.

However, if staff follow the protocols advocated by the 
WHO, and described above, outcomes can improve. Staff 
need to be confi dent that they can follow the guidelines 
approved for their unit, and if they are unable to do so, be 
able to address these defi cits in care provision. Nursing 
staff are often better at following the guidelines than doc-
tors, who may try to individualise treatment as they would 
for other children. The recording charts, weight charts and 
pro forma are tools that greatly help in the management 
of these children.

Analysis has shown that the main reasons for death 
are inappropriate medical interventions, such as fluid 
overload from ORS, blood transfusion, and the use of 

diuretics in oedema. Another reason is failure to adhere to 
the guidelines, due to either a lack of resources, or a lack 
of understanding of the differences in the care needs of 
this group of children. A signifi cant and often unrecognised 
cause of death and relapse is inadequate discharge plan-
ning, or premature discharge. 

However, perhaps the greatest problem is posed by 
the limited human resources on the malnutrition ward, with 
an insuffi cient number of skilled personnel, and constant 
movement of staff as soon as they are trained. The greatest 
resource that a unit can have is a motivated, trained and 
experienced staff, who have the basic resources to deliver 
the care described in this subsection. 
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5.11 Haematological disorders

5.11.A Anaemia

BOX 5.11.A.1 Minimum standards
 Q Haemoglobin estimation facility. 
 Q Blood transfusion.
 Q Drugs:

 — Haematinic agents: iron, folic acid.
 — Antihelmintic drugs: mebendazole, albendazole, 

pyrantel.
 — Antimalarial drugs.

Introduction
Defi nition of anaemia
Table 5.11.A.1 gives the World Health Organization (WHO) 
definition of haemoglobin concentrations below which 
anaemia is present at sea level.

TABLE 5.11.A.1 Lower limit of normal haemoglobin concentrations

Age of child Haemoglobin 
concentration 
(grams/dL)

Haematocrit (%)

6 months to 4 years 11 33

5–11 years 11.5 34

12–14 years 12 36

The problem of anaemia
 O It is widespread in disadvantaged countries.
 O It is common in young children under 5 years of age.
 O More than one cause of anaemia is usually found in 

each anaemic child.
 O Genetic causes of anaemia are common.
 O It has signifi cant deleterious effects on growth, health 

and development.

Main causes of childhood anaemia in 
resource- limited settings

 O Low birth weight:
 — results in low iron and folate stores (0–2 years age 
group). 

 O Dietary:
 — diets tend to be low in iron
 — delayed weaning
 — poor maternal iron intake in breastfed infants
 — weaning on to non- fortifi ed cow’s milk.

 O Infections:
 — malaria (haemolysis)
 — hookworm (Ancylostoma duodenale and Necator 
americanus) (see Section 6.3.C)

 — whipworm (Trichuris species)
 — congenital infection (CMV, rubella)
 — HIV.

 O Genetic:
 — haemoglobinopathies (HbSS, thalassaemias)
 — glucose- 6- phosphate dehydrogenase defi ciency. 

 O Malignancy:
 — leukaemia
 — other types of malignancy.

The child with iron- defi ciency anaemia
Clinical features of anaemia

 O Often asymptomatic until haemoglobin concentration 
is < 8 grams/dL. 

 O Breathless on exertion when haemoglobin concentration 
is < 6 grams/dL.

 O Pallor:
 — nail beds (the best site)
 — palmar creases 
 — mucous membranes.

 O Suboptimal growth, delayed puberty.
 O Congestive heart failure.

Investigations 
The tests in bold listed below should always be done 
before a transfusion (to exclude causes other than iron 
defi ciency):

 O Haemoglobin concentration (cyanmethaemoglobin 
method or HemoCue B).

 O Haematocrit or PCV (microcentrifuge).
 O Blood fi lm:

 — malarial parasites
 — red blood cells: hypochromia, microcytosis, anisocy-
tosis target cells (iron defi ciency, thalassaemia) 

 — sickle cells 
 — macrocytes (folate, vitamin B12 defi ciency)
 — white blood cells: hypersegmented neutrophils 
(folate, vitamin B12 defi ciency).

 O Mean corpuscular volume (MCV) and reticulocyte count 
as the two principal criteria for the initial classifi cation 
of anaemia.

 O Haemoglobin electrophoresis:  s ick le ce l l , 
thalassaemia.

 O Stool test: parasitic ova, blood.

Management of anaemia
 O Establish the diagnosis, cause and severity of iron- 

defi ciency anaemia.
 O Treat malaria (oral route) (see malaria guidelines in 

Section 6.3.A.d).
 O Give empirical antihelmintic therapy in endemic areas 

(see Section 6.3.C).
 O Give haematinics:
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 — folic acid: up to 5 years of age, 2.5 mg once daily; 
above 5 years, 5 mg once daily

 — iron (see Table 5.11.A.2).

Iron medication

TABLE 5.11.A.2 Dosage of iron medications for iron- defi ciency 
anaemia in childhood

Age or weight 
(6 mg/kg 
elemental iron)

Ferrous sulphate 
200 mg (60 mg/kg 
elemental iron)

Ferrous fumarate 
60 mg per 5 mL 
(12 mg elemental 
iron/mL)

2–4 months 
(4–6 kg)

– 2 mL

4–12 months 
(6–10 kg)

– 2.5 mL

1–3 years 
(10–14 kg)

½ tablet 4 mL

3–5 years 
(14–19 kg)

½ tablet 5.5 mL

> 5 years (> 19 kg) 1 tablet –

 O Preterm infants should start prophylactic iron (5 mg/day) 
from 4–6 weeks of age until mixed feeding is established.

 O Treatment with iron injections may increase mortality 
(meningitis) and morbidity (respiratory infections, malaria) 
in infants.

Antihelmintic drugs (see Section 6.3.C)
 O Albendazole (the drug of choice if available):

 — 400 mg as a single dose (200 mg if child is less than 
2 years of age).

 O Mebendazole (most effective against hookworm and 
whipworm):

 — For children over 1 year of age, 250 mg as a single 
dose (or 500 mg if the child is over 2 years). May be 
repeated after 2 or 3 weeks.

Blood transfusion (see also Section 1.7) 
Only undertake this if it is essential.

 O Warm the blood fi rst under the mother’s clothing, in con-
tact with the skin, especially if it is to be given to an infant.

 O Do not use blood that has been stored for more than 
35 days at 2–6°C or out of the fridge for more than 
2 hours, or that is visibly spoiled (plasma must not be 
pink, and red cells must not be purple or black), or from 
a bag that is open or leaking.

 O Check that the blood is the correct group and that the 
patient’s name and number are identical on both label 
and form.

 O Use a needle/catheter that is 22 gauge or larger, to 
prevent clotting.

 O If there are signs of heart failure, give l mg/kg of furo-
semide IV at the start of transfusion unless hypovolaemic 
shock is also present.

 O Record the baseline temperature and pulse rate.
 O Each transfused unit must be completely used within 

4 hours of removal from the fridge.
 O Ideally, in infants or those with heart failure, control the 

fl ow with an in- line burette.
 O Record observations every 30 minutes, looking for heart 

failure (shortness of breath) and transfusion reactions 
(fever and malaise).

 O Record the quantities given.

Indications for transfusion
 O Severe anaemia (haemoglobin concentration < 4 grams/

dL).
 O Impending or overt cardiac failure if the haemoglobin 

concentration is < 6 grams/dL.
 O Hyperparasitaemia in malaria if the haemoglobin con-

centration is < 6 grams/dL.
 O Children in congestive cardiac failure due to severe 

anaemia (consider partial exchange).
 O Acute severe blood loss with shock that is unresponsive 

to 40 mL/kg of volume resuscitation given in 10 mL/kg 
aliquots, or where massive haemorrhage is continuing.

Volume of transfusion
 O Use packed red cells where possible.
 O Give whole blood: 20 mL/kg or:

 — required volume (mL) = weight (kg) × 4 × desired rise 
in haemoglobin (grams/dL) or

 O Packed red cells: 10–15 mL/kg or
 — required volume (mL) = weight (kg) × 3 × desired rise 
in haemoglobin (grams/dL).

 O In all cases, rate = 5–10 mL/kg/hour (usually over 
3–4 hours unless shocked).

 O Consider giving furosemide 1 mg/kg IV immediately in 
advance of transfusion to avoid precipitating cardiac 
failure (unless there is hypovolaemic shock) in cases of 
very severe anaemia.

Treatment of severely anaemic child with 
septic shock
The fi rst priority will still be to call for help, and man-
age the airway, followed by breathing and then the 
circulation. 

Call for help.

Airway
Assess the airway by the simple technique of asking 
the child ‘Are you all right?’

Any vocalisation, such as a reply or crying, indicates 
an open airway and some ventilation. In the absence of 
a response, formally open the airway with a head tilt/
chin lift or a jaw thrust manoeuvre (see Section 1.12), 
and assess the breathing by looking, listening and 
feeling for its presence.

Breathing
All children with suspected shock must receive high- fl ow 
oxygen.

If possible, this should be given through a mask 
with a reservoir to achieve the higher concentrations. 
In the absence of spontaneous breathing, give assisted 
ventilation with a bag-mask (see Section 1.13).

Circulation
Intravenous access with a short wide- bore venous cannula, 
or placement of an intra- osseous line (see Section 8.4.B), 
is vital. Severely anaemic children cannot tolerate rapid 
boluses of fl uid as they are likely to be in heart failure and 
may also be malnourished. The fl uid they need most is 
blood. When transfusing severely anaemic children we 
usually give packed cells, but in suspected septic shock, 
fresh whole blood has the following advantages:
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 O It increases oxygen- carrying capacity.
 O Plasma content improves circulating volume better than 

crystalloids.
 O Clotting factors and platelets are benefi cial in septic 

shock. 

While awaiting the blood, which should be transfused 
at 20 mL/kg, give 10 mL/kg of Hartmann’s solution or 
Ringer- lactate solution, and then reassess the child. If 
fresh whole blood is not available, give stored blood, 
but it should be packed, or if the child is in heart failure, 
consider partial exchange transfusion. Give antibiotics 
IV. A third- generation cephalosporin or a combination 
of gentamicin and a penicillin would be advisable. 
Flucloxacillin should be added if Staphylococcus is 
suspected (e.g. if there are boils or a known abscess). 
In suspected intra- abdominal sepsis, metronidazole 
should be added to cover anaerobic organisms. 

Transfusion reactions
See Section 1.7.

Prevention of iron- defi ciency anaemia
 O Improve iron intake in infants:

 — breastfeeding for at least 6 months
 — give breastfeeding mothers iron
 — include vitamin- C- rich foods (citrus fruit juices) and/or 
meat, fi sh, beans and leafy vegetables by 6 months 
with cereals

 — low- birth- weight babies should receive oral iron 2 mg/
kg daily from the age of 4 weeks, for 6 months.

 O Prevent infections:
 — diarrhoea (breast milk)
 — measles (vaccination)
 — prevention and prompt treatment of malaria
 — routine deworming of children under 5 years every 
3–6 months

 — malaria prophylaxis in sickle- cell patients. 

5.11.B Sickle- cell disease

BOX 5.11.B.1 Minimum standards
 Q Facility for haemoglobin estimation and electrophoresis.
 Q Analgesia: paracetamol, NSAIDs, opiates.
 Q Blood transfusion. 
 Q Oxygen.
 Q Penicillin prophylaxis.
 Q Pneumococcal (PCV and Pneumovax), hepatitis B and 

Haemophilus infl uenzae vaccines.
 Q Oral rehydration solution (ORS).
 Q Antimalarial drugs.
 Q Iron chelation: desferrioxamine, deferasirox or 

deferiprone. 

Introduction
Genetic basis
Sickle- cell disease is a recessively inherited disorder of 
haemoglobin synthesis. It occurs due to a point mutation 
at position 6 on chromosome 11 resulting in the substitu-
tion of valine for glutamic acid on the beta- globin chain. 
Those affected inherit two copies of the altered beta- globin 
gene and are therefore homozygous for HbS (HbSS). 
Alternatively, a single HbS may be inherited with another 
beta- chain mutation such as beta thalassaemia (HbSB+ or 
HBSBo) or HbC (HbSC).

A child who inherits two of the same trait genes, one 
from each parent, will be born with the disease. However, 
a child of two carriers has only a 25% chance of receiving 
two trait genes and developing the disease, and a 50% 
chance of being a carrier. Most carriers lead completely 
normal healthy lives.

The HbS mutation is common. It is estimated that up 
to 5% of the world population are healthy carriers of sickle 
gene, and this can rise to 25% in West Africans. Although 
the HbS mutation is most common in Africa, it occurs 
widely across many groups. It is estimated that each year 
300 000 children are born with homozygous sickle- cell 
disease worldwide.

Prognosis
In well- resourced countries, the life expectancy of indi-
viduals with sickle- cell disease has been continuously 
improving, and historic data suggest that it is now well 
beyond the fi fth decade of life, with the overwhelming 
majority of children surviving into adulthood. The pattern 
of the disease and its complications is also changing in 
well- resourced countries, with a shift from being a fatal 
paediatric illness to a chronic disease associated with 
episodic painful crises and progressive deterioration and 
organ damage in later life.

However, in resource- limited countries, sickle- cell dis-
ease is still associated with a very high mortality and 
morbidity, particularly during childhood. Sickle- cell disease 
remains a major cause of mortality in children under 5 years 
of age, with estimates as high as 50–90% in some rural 
areas of Africa. The major causes of death are infection, 
especially malaria and invasive pneumococcal infection, 
and severe profound anaemia. For those who live with the 
condition, sickle- cell disease is the cause of a great burden 
of suffering for those affected and their families.

Pathogenesis
The clinical manifestations of sickle- cell disease are due to 
vaso- occlusion and chronic haemolysis, often in response 
to triggers such as illness, hypoxia or dehydration. 

The presence of abnormal HbS leads to the produc-
tion of a haemoglobin tetramer (_2/`S2) that is poorly 
soluble when deoxygenated, and polymerises readily into 
a rope- like fi bre within the red blood cell. This leads to red 
cell distortion into the classic sickle shape, a reduction 
in red cell deformability, and red cell destruction through 
haemolysis, with consequent shortening of the red cell 
lifespan, and anaemia. 

Vaso- occlusive episodes occur when blood vessels 
become clogged with sickle cells, causing pain, tissue 
oxygen deprivation and organ damage alongside altered 
cell adhesion and abnormal erythrocyte–endothelium 
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interaction. In addition to vaso- occlusion, there is a chronic 
intravascular haemolysis leading to a compensated anaemia 
with functional nitric oxide (NO) dysregulation with chronic 
vascular endothelial damage. This means that polymerisa-
tion alone does not account for the pathophysiology of 
sickle- cell disease. Changes in red cell membrane structure 
and function, disordered cell volume control, and increased 
adherence to vascular endothelium also play an important 
role.

Clinical presentations
In children, the most common presentation of sickle- cell 
disease is with an acute crisis, usually as a painful episode. 
More recently, as more countries adopt a newborn screen-
ing programme, children may be diagnosed with sickle- cell 
disease before their fi rst crisis. 

Presentation includes the following:
 O newborn screening
 O a painful vaso- occlusive crisis
 O infection and overwhelming sepsis
 O severe anaemia
 O acute chest syndrome (ACS)
 O stroke.

Newborn screening programmes
The goal of any newborn screening programme for sickle- 
cell disease is to identify affected children as early as 
possible and thus reduce the morbidity and mortality of 
sickle- cell disease, especially from bacterial infections, 
through the early introduction of antibiotic prophylaxis. In 
well- resourced countries, the preferred option is the univer-
sal screening programme rather than selective screening of 
high- risk infants only.

Methodology of newborn screening
The methodology of screening can vary, but in principle 
involves the collection of a dried neonatal blood spot sample 
for transport and testing by haemoglobin electrophoresis, 
thin- layer isoelectric focusing, or HPLC. A second confi rma-
tory test may be taken 1–2 weeks later for repeat testing 
by isoelectric focusing, HPLC, PCR techniques or DNA 
analysis by a reference laboratory. The tests used must have 
the capability to distinguish between HbF, HbS, HbA and 
HbC. As several of the sickle- cell disease syndromes can 
have similar results on electrophoresis or isoelectric focus-
ing, examining the peripheral blood smear remains useful.

 O Haemoglobin electrophoresis is the standard method 
for separating HbS from other haemoglobin variants.

 O Thin- layer isoelectric focusing is a more complicated 
technique, which can distinguish some haemoglobins 
not seen on standard electrophoresis, as the bands are 
more sharply seen. 

 O High- performance liquid chromatography (HPLC) is a 
very precise and fully automated technique for identifi ca-
tion and quantifi cation of haemoglobins. 

 O Sickle solubility test. A positive sickle solubility test will 
detect the presence of HbS but will not identify whether 
the person is a carrier or has sickle- cell disease.

Results and patterns in the newborn period 

Finding Pattern Interpretation

HbF and HbA FA Normal baby

HbF, HbA and HbS FAS Sickle- cell trait

HbF, HbS and HbA FSA Sickle- cell beta+ thalassaemia

HbF and HbA FS Sickle- cell disease (HbSS or 
HbS beta0 thalassaemia)

In countries with limited resources, the combination of 
haemoglobin electrophoresis and a sickle solubility test will 
confi rm the diagnosis of sickle- cell disease for most older 
children once the beta- chain production is fully developed 
beyond the newborn period. 

Diagnosis
 O Haemoglobin electrophoresis demonstrates the absence 

of HbA and either HbS (SS) or HbS and another haemo-
globin such as HbC (SC).

 O A positive sickle solubility test denotes the presence of 
sickle haemoglobin, but does not indicate whether the 
person is a carrier (Hb AS) or Hb SS.

 O A full blood count shows severe (SS) to mild anaemia 
(SC).

 O Examination of the peripheral blood shows sickled 
erythrocytes.

General principles of the management 
of an acute sickle crisis 
Most children do not develop symptomatic disease in the 
fi rst few months of life until adult haemoglobin production 
is established. The principles of managing any acute crisis 
are based on searching for, and actively treating, any pre-
cipitants (see Table 5.11.B.1). Any child presenting with an 
acute crisis should be considered at risk of sudden and 
life- threatening deterioration, and clinicians are advised to 
have an anticipatory approach.

Crisis precipitants include the following:
 O infection
 O dehydration
 O extremes of temperature.

TABLE 5.11.B.1 Precipitants of sickle crises

Problem/precipitant Approach

Fever and/or evidence of infection

Child should be considered 
functionally asplenic and 
immunocompromised

Treatment dose of 
appropriate antibiotics

Use of appropriate 
antimalarial drugs

Use of antipyretic drugs

Dehydration Rehydration 

Extremes of temperature and cold Warmth and rest

Clinicians should be alert to signs suggesting the possibility 
of a sudden acute deterioration during a crisis. The follow-
ing trigger list may be helpful for identifying children at 
increased risk of sudden or rapid deterioration:

 O uncontrolled pain despite strong opiate analgesia
 O increasing pallor, breathlessness or exhaustion
 O marked fever (> 38°C)
 O signifi cant tachycardia, tachypnoea or hypotension
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 O chest pain with or without signs of consolidation
 O desaturation in air or a rising oxygen requirement to 

maintain saturations above 94%
 O abdominal pain with or without distension
 O severe diarrhoea and vomiting
 O sudden profound pallor with or without jaundice
 O parents reporting an enlarged spleen
 O any abnormal neurological signs, including painless loss 

of function, headache and fi tting.

The acute painful sickle episode
 O This is also referred to as a painful or vaso- occlusive 

crisis, and is the most common presentation of sickle- 
cell disease in childhood, resulting from blockage of 
small vessels. The mainstay of treatment is effective 
and prompt pain control (see Section 1.15), alongside 
management of any precipitants.

 O Approximately 40% of children with sickle- cell disease 
will have an episode of ‘hand–foot syndrome’ or dac-
tylitis during early childhood, and this number rises to 
50% of children under 2 years old who go on to develop 
symptomatic disease. Typically children present with 
vaso- occlusion and infarction of the metacarpals or 
metatarsals, which is evident as an overlying soft tissue 
reaction with swelling, redness and marked tenderness 
affecting either one or all of the hands and feet.

 O By later childhood the most common sites of bony 
sickle- related pain include the long bones, thighs, hips, 
spine, ribs, shoulders and upper humerus, as well as 
the bones of the cranium, joints and muscles.

FIGURE 5.11.B.1 Visual analogue scale.

Hydration and fl uids in sickle- cell disease
Dehydration occurs readily in children with sickle- cell 
disease, due to impairment of renal concentrating power. 

Diarrhoea and vomiting are thus of particular concern. 
Rehydration calculations are therefore based on the 
assumption that children with sickle- cell disease have a 
higher fl uid requirement than unaffected children.

Fluids can be delivered by the oral, nasogastric or IV 
route (or a combination of these) and titrated against clinical 
response. Generally it is safe to start with hyperhydration 
(150% of normal), although this may be reduced to normal 
hydration in children who are less unwell.

TABLE 5.11.B.3 Fluids in sickle- cell crises

Body weight (kg) Fluids (mL/kg/day)

First 10 kg 150

11–20 kg 75

Subsequent kg over 20 30

Infection
Infection is a common precipitating factor in painful or 
other types of sickle crises. All children with sickle- cell 
disease (regardless of type) should be considered to be 
immunocompromised.

Bacteria
Patients with sickle- cell disease are immunodefi cient due 
to functional asplenia.

Functional asplenia occurs irrespective of spleen size 
in sickle- cell disease well before the age of 1 year in the 
majority of sufferers. Clinicians should therefore consider 
all patients to have increased susceptibility to infection, 

TABLE 5.11.B.2 Management of an uncomplicated acute painful episode

Treatment Comment

Antibiotics and antimalarial 
drugs (see later)

Any fever should prompt the search for infection and active treatment. Oral antibiotic dosages should 
be administered at higher dose as per the immunocompromised child

Hydration Dehydration occurs readily in children with sickle- cell disease, due to impairment of renal 
concentrating power.

Fluids should be given at 150% maintenance (orally or IV)

Analgesia Assess pain using an age- appropriate visual analogue scale (VAS) (see below).

Use the VAS to assess response to analgesia with the goal of minimal pain allowing successful 
mobilisation.

Manage pain with prompt administration of the most appropriate choice and dose from the analgesic 
ladder.

Take into account previous drugs and dosages given at home.

Children in severe pain may need early use of opiates orally or IV.

Do not use pethidine
Severe anaemia Consider transfusion if the haemoglobin concentration is very low (e.g. < 5 grams/dL) or has fallen by 

> 2 grams/dL from a known baseline level, or the child is clearly clinically compromised

Oxygen Provide oxygen if the saturations in air are below 95%. Falling saturations in air or a rising oxygen 
requirement should prompt re- evaluation and the search for an emerging complication of the crisis

FIGURE 5.11.B.2 Faces scale.
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particularly with the encapsulated organisms listed below, 
all of which can cause life- threatening sepsis:

 O Pneumococcus
 O Salmonella species
 O Haemophilus.

Any suspected bacterial infection should be managed with 
prompt institution of IV antibiotics to cover these organisms. 
Suggested choices are listed in Table 5.11.B 4 (note that 
these may vary according to region and local sensitivities).

Persistent localised bone pain, swelling or fever should 
raise suspicion of osteomyelitis, which may require surgical 
treatment, and 6 weeks of antibiotic therapy

Specifi c infections
Osteomyelitis 
This infection can be very diffi cult to distinguish from vaso- 
occlusive bone pain, which is commonly associated with 
localised swelling and joint effusions. Osteomyelitis should 
be considered in any child with persistent and localised 
pain who is systemically unwell. 

The diagnosis of osteomyelitis in sickle- cell disease is 
more likely in the presence of: 

 O swinging pyrexia (fevers may not be persistent)
 O severe systemic upset
 O unusual swelling or pain
 O positive blood cultures.

Few if any investigations are absolutely conclusive in mak-
ing the diagnosis. Treatment is complex and may involve 
surgical intervention (rare) and a prolonged course of IV 
antibiotics (6 weeks). The oral route can be used to com-
plete a course of antibiotics once the child is systemically 
well (i.e. fevers have settled) and any tests such as CRP 
have returned to normal. Antibiotic choices are broad, but 
may include the following:

 O fi rst line: IV ceftriaxone and clindamycin (consider fl u-
cloxacillin if no clindamycin available).

 O second line: IV clindamycin.
 O alternatives: meropenem, imipenem or ciprofl oxacin.

Malaria
Studies confi rm that sickle- cell trait (HbAS) is protective 
against severe complicated malaria, including cerebral 
malaria and severe anaemia related to malaria in children. 

By contrast, malarial infection in homozygous sickle- cell 
disease (HbSS) can be rapidly fatal, and requires prompt 
recognition and urgent treatment. Although children with 
sickle- cell disease are not at greater risk of complicated 
malaria infection, once infected they have a higher mortal-
ity, especially related to severe anaemia. In addition to drug 
treatment, transfusion may be required.

Prevention should be emphasised (see Section 6.3.A.d).

Meningitis
Bacterial meningitis is more common in children with sickle- 
cell disease than in unaffected children, especially in the 
youngest age groups. The most frequent infecting organism 
is pneumococcus. Clinicians should maintain a high index 
of suspicion for this complication and treat it empirically.

Gastroenteritis/diarrhoea
Severe diarrhoea may precipitate sickling and crisis, 
including stroke. Hydration must therefore be maintained 
vigorously using ORS or IV fl uid where necessary. Education 
relating to hand hygiene, clean water and prompt treatment 
should be given. 

Children who are systemically unwell with a diarrhoeal 
illness may also be at higher risk of sepsis related to Gram- 
negative infection, and may require IV antibiotic treatment in 
addition to vigorous rehydration under such circumstances.

Children with diarrhoea who are also on the iron chela-
tion medication desferrioxamine are at high risk of Yersinia 
or Klebsiella infection, and require prompt treatment with 
ciprofl oxacin, alongside discontinuation of the desferriox-
amine until they recover.

Viral infection
Children with sickle- cell disease are at particular risk of 
profound anaemia secondary to parvovirus B19 infection, 
which may trigger an aplastic crisis. 

TABLE 5.11.B.4 Antibiotic choices in sickle- cell crises

Drug Rationale and comment

Augmentin Good activity against Pneumococcus
Haemophilus resistance is low

Suitable for use with clarithromycin for pneumonia

Does not mask Salmonella osteomyelitis

Clarithromycin Good activity against Haemophilus
Pneumococcal resistance is low

Suitable for use with augmentin for pneumonia

Does not mask Salmonella osteomyelitis

Cefuroxime Suitable for severe pneumonia with or without clarithromycin

Masks Salmonella osteomyelitis

Ceftriaxone and other third- 
generation cephalosporins

For suspected sepsis

First- line treatment for suspected osteomyelitis (with clindamycin)

Second- line treatment for Yersinia if there is glucose- 6- phosphate dehydrogenase (G6PD) defi ciency

Ciprofl oxacin For use in patients on desferrioxamine with suspected Yersinia infection

Stop iron chelation if suspected
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Children with sickle- cell disease should also be pro-
tected from blood- borne viral infection, specifi cally HIV and 
hepatitis B infection. Routine immunisation against HBV 
must be undertaken in view of the probability that a child 
with sickle- cell disease may at some stage be a recipient 
of blood products or be started on a long- term transfusion 
programme.

Severe anaemia in sickle- cell disease 
Children with sickle- cell disease are known to have a 
compensated anaemia, but are also at risk of events that 
may precipitate a sudden and potentially fatal drop in their 
haemoglobin levels. The main conditions to consider are 
as follows: 

 O acute sequestration events
 O aplastic crisis
 O infection with malaria.

Acute sequestration events
Sequestration events are characterised by pooling of red 
cells in an organ, most commonly the spleen, lungs and 
liver, and are associated with a sudden and potentially 
life- threatening fall in haemoglobin level, with shock and 
collapse alongside rapid (and often painful) expansion of 
the organ affected.

Sequestration events are often precipitated by infection 
or sepsis that requires vigorous antibiotic treatment. There 
is a high mortality. Any child who appears to be deteriorat-
ing during an acute painful crisis should be re- examined to 
exclude undiagnosed sequestration.

Treatment includes administration of antibiotics to 
manage any precipitating infection, and blood transfusion 
in children with cardiovascular compromise, or who have 
a haemoglobin level of < 5 grams/dL, or where there has 
been a sharp fall in haemoglobin level by > 2 grams/dL.

Urgent blood transfusion in children with sickle- cell 
disease is not uncommon, but does carry some risks. 
Clinicians should be cautious about over- transfusing 
beyond a target of 8 grams/dL (usually a maximum of 
20 mL/kg) or at a higher rate than 5 mL/kg/hour, due to the 
risks of hyperviscosity associated with a sudden increase 
in haematocrit.

Aplastic crisis 
Transient red cell aplasia caused by parvovirus B19 (with an 
associated reticulocytopenia) can lead to a sudden severe 
worsening of the patient’s anaemia. Ask about any recent 
viral prodromal illness, but classical erythema infectiosum 
(‘slapped cheek syndrome’) is uncommon. Second infec-
tions with parvovirus are extremely rare, as immunity to 
parvovirus is lifelong. Review other family members with 
sickle- cell disease, because they too may be infected with 
parvovirus.

The differential diagnosis of a sudden fall in haemoglobin 
level includes sequestration crisis, and therefore abdominal 
palpation is mandatory in any acutely anaemic child to 
exclude this diagnosis.

Treatment includes use of blood transfusion in children 
who are cardiovascularly compromised, if the haemoglobin 
level is < 5 grams/dL, or if there has been a sharp fall in 
haemoglobin level by > 2 grams/dL.

See above for the risks of urgent blood transfusion.

Acute chest syndrome (ACS) 
This is a major cause of morbidity and mortality in sickle- cell 
disease. It is strictly defi ned by evidence of new pulmonary 
infi ltrates involving at least one complete lung segment 
consistent with the presence of alveolar consolidation, but 
excluding atelectasis. Clinically, patients have chest pain, 
a temperature of more than 38.5°C, tachypnoea, wheez-
ing, or cough usually associated with arterial desaturation.

It is important to recognise that patients can be in the 
process of developing ACS and be severely ill before these 
strict criteria are met. Signs of lung consolidation, usually 
bilateral, generally start at the bases, but may be unilateral 
and impossible to distinguish from infection.

Chest X- ray signs may lag or be misleading. Early treat-
ment may prevent further deterioration, so prompt action 
on clinical suspicion is essential.

Acute sickle chest syndrome is likely to be multifactorial 
in origin, with infection, thrombosis of pulmonary arteries 
and fat embolism all resulting in potentially similar clinical 
patterns. The diagnosis of this potentially life- threatening 
crisis must therefore be considered if there is a com-
bination of desaturation in air, tachypnoea, pain and a 
high fever.

Management of ACS 
 O Anticipatory clinical approach.
 O Effective analgesia to prevent basal atelectasis.
 O Careful observations, including regular pulse oximetry.
 O Chest X- ray: 

 — upper lobe consolidation without basal changes sug-
gests pneumonia rather than ACS.

 O Start dual IV antibiotics: treat pneumonia aggressively 
as it is often clinically indistinguishable.

 O High- fl ow oxygen.
 O Hyperhydration.
 O Arterial gases in air if the oxygen requirement is rising.
 O CPAP (if available) and saturations falling to the low 

90s in air.
 O Exchange transfusion (if available) if PaO2 in air is < 8 

kPa or the child is deteriorating.
 O May require ventilation.
 O There is no role for diuretics.

Neurological involvement in sickle- cell 
disease
Sickle- cell disease is associated with several central nerv-
ous system complications and events, as outlined below. 
The most signifi cant event is stroke, mainly infarction. The 
treatment approach is outlined in the next section.

Neurological complications of sickle- cell 
disease

 O Infection: meningitis and malaria.
 O Stroke: ischaemic stroke, subarachnoid haemorrhage 

and transient ischaemic attacks (TIAs).
 O Silent infarcts.
 O Convulsions.
 O Neurocognitive decline: reduction in IQ, attention defi cits.

Stroke in sickle- cell disease
Stroke is a potentially devastating complication of sickle- 
cell disease, most commonly occurring in (but not limited 
to) individuals with homozygous disease (HbSS). The 
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most common event is infarctive stroke, but haemorrhagic 
stroke can also occur with increasing frequency as children 
progress towards adulthood. Stroke can occur in any age 
group, but is most common in children under 10 years. 

Predictive factors for stroke include a history of tran-
sient ischaemic attacks, a recent episode of acute chest 
syndrome, hypertension, or a low haemoglobin F percent-
age and/or low baseline haemoglobin levels. Any child 
with sickle- cell disease can have a stroke (even if they are 
apparently not ‘high risk’).

Precipitating factors for stroke include a recent history 
of fever, infection, dehydration and acute chest syndrome. 
However, some children will have a stroke without any 
identifi able precipitating event or risk factor.

Symptoms and signs of stroke can be broad, and range 
from the ‘classic’ presentation of a focal neurological defi cit 
such as a hemiplegia (painless loss of function) to behav-
ioural changes, severe headache, altered consciousness, 
convulsions or coma.

Historic data from the USA suggest that 11% of children 
with sickle- cell disease have a stroke episode by the age of 
20 years. More recent data from well- resourced countries 
speculate that this fi gure is coming down with the advent 
of transcranial Doppler (TCD) screening to identify children 
at high risk of stroke and the aggressive use of regular 
long- term blood transfusion programmes as a primary 
prevention strategy.

Stroke is a major cause of mortality and morbidity 
in sickle- cell disease. On the long- term transfusion pro-
gramme the risk of stroke falls to approximately 10%.

Treatment of acute stroke 
Prompt treatment of an ischaemic stroke can potentially 
arrest a stroke in evolution. Children with a suspected 
stroke require: 

 O rehydration with fl uids
 O antibiotic treatment of any suspected infection, including 

malaria or meningitis
 O treatment of any convulsions (see Section 5.16.D and E)
 O exchange transfusion to reduce the circulating sickle 

percentage as rapidly as possible to less than 25%; 
this procedure is usually performed in a staged manner 
over 24–48 hours

 O there is no role for aspirin in stroke related to sickle- cell 
disease.

In the absence of accessible exchange transfusion, it may 
be reasonable to consider a cautious top- up blood trans-
fusion to maximise oxygen- carrying capacity and reduce 
the HbS percentage through a dilutional effect. Extreme 
care must be taken to avoid over- transfusion and the risk 
associated with increasing blood viscosity thus further con-
tributing to the stroke. In either situation, the haematocrit 
should not exceed 0.4.

Most children make a good motor recovery from an 
initial stroke, but may be left with intellectual defects. If 
untreated, most of these children will suffer a second cer-
ebrovascular accident, usually within 2–3 years of the fi rst 
episode, as a result of which many of them will die and most 
will be seriously impaired. Transient ischaemic attacks may 
presage a more major event.

Secondary prevention of stroke 
Because of the risk of a subsequent stroke, all children 

should be considered for the long- term transfusion pro-
gramme to reduce their recurrence risk (although the risk 
is never fully eradicated). Most children require a top- up 
transfusion every 4 weeks for life, and this is a heavy burden 
for patients and their families.

The treatment goals of secondary prevention of stroke 
using the transfusion programme are as follows: 

 O to reduce and then maintain the pre- transfusion HbS% 
at below 30%

 O to maintain the pre- transfusion haemoglobin level in the 
range 9–9.5 grams/dL 

 O in order to achieve these goals, the post- transfusion 
target is usually set no higher than 12.5 grams/dL

 O to monitor and treat iron overload.

Note that there is no role for co- administration of des-
ferrioxamine during transfusions.

Risks of the long- term transfusion programme include 
the following: 

 O transmission of bloodborne viral infection
 O allo- immunisation to foreign red cell antigens 
 O iron overload.

In more well- resourced settings, some children may be able 
to receive alternatives to long- term top- up transfusions 
as outlined above. These alternatives include the use of 
manual or automated exchange transfusions to maintain 
a low HbS% without incurring iron overload states. These 
children may be able to go for longer periods between 
blood transfusions, although the risk of exposure to blood 
does not change.

Unfortunately, recent trials have indicated that there 
is little role for drugs such as hydroxyurea as an effective 
alternative to transfusion in the primary or secondary pre-
vention of stroke.

Transcranial Doppler (TCD) and primary 
prevention of stroke
The use of annual TCD monitoring in more well- resourced 
countries is having a signifi cant impact on the reduction 
of the incidence of stroke events in children with no prior 
apparent risk of stroke, and is now a routine screening tool 
in sickle- cell disease care.

Children are identifi ed as at high risk of stroke if the 
recorded velocities on TCD persistently exceed 200 cm/
second. The stroke risk can be signifi cantly reduced from 
40% in high- risk patients through the use of the long- term 
transfusion programme as outlined above. Unfortunately, 
once started, there is little evidence as to whether trans-
fusions could ever be discontinued, as the data suggest 
that once transfusions are stopped the original stroke risk 
rapidly returns. 

In areas where access to TCD machines and trained 
technicians may be limited, use of TCD may not be pos-
sible, particularly when weighing up the risks and benefi ts 
of the long- term transfusion programme.

Prevention programmes
Iron overload and transfusions 
Children who are exposed to multiple and regular blood 
transfusions are likely to develop iron overload. The most 
widely available iron- chelating agent is desferrioxamine 
(Desferal), which is administered as a subcutaneous dose 
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around 20–30 mg/kg over slow subcutaneous infusion 
(8–12 hours) for 5–7 nights per week. Many children 

become non- compliant with this regimen, and newer 
medications are available as outlined below.

TABLE 5.11.B.5 Drug treatments to reduce iron loading (iron chelation) 

Drug Advantages Disadvantages

Desferrioxamine Well- understood safety profi le 
through long- term use

Cheap

Relatively poor iron chelation properties

Poor patient compliance

Risk of Yersinia infection

Deferiprone Oral administration

Effective chelation agent

Requires close monitoring due to risk of sudden unexpected neutropenia 
and risk of overwhelming infection

Deferasirox 
(Exjade)

Oral once- daily administration

Well tolerated

Highly effective iron chelation

Expensive

Long- term safety profi le not yet fully understood

Common side effects are deranged urea and electrolytes and 
gastrointestinal upset

Requires some monitoring

Note: see Section 5.11.C for doses of newer iron chelation treatments

Prevention of infection
Prevention of infection is the mainstay of reducing mortality 
and morbidity in sickle- cell disease.

 O All children should receive immunisation against 
Pneumococcus, Haemophilus infl uenzae, meningo-
coccus and hepatitis B, in addition to any standard 
immunisation schedule.

 O Pneumococcal immunisation should be as broad as 
possible, including pneumococcal conjugate vaccine 
and Pneumovax. Pneumovax should be given from the 
age of 2 years, every 5 years for life.

 O All children should receive prophylactic penicillin V (eryth-
romycin or clarithromycin can be used as an alternative): 

 — age up to 1 year: penicillin 62.5 mg twice a day
 — age up to 5 years: penicillin 125 mg twice a day
 — age 5 years or over: penicillin 250 mg twice a day 
into adulthood.

 O All children should be protected from malaria infection 
(see Section 6.3.A.d).

 O Families should be counselled about prevention, risks 
and signs of infection, so that they can seek prompt 
treatment.

Prevention of crises
 O Maintain good fl uid intake, especially during gastroen-

teritis or other infections.
 O Folic acid:

 — age up to 1 year: 1 mg daily
 — age up to 5 years: 2.5 mg daily
 — age 5 years or over: 5 mg daily into adulthood.

 O Families should be taught how to feel their child’s abdo-
men in order to identify the onset of a sequestration 
crisis.

 O Hydroxyurea (hydroxycarbamide) may raise baseline 
haemoglobin levels by promoting fetal haemoglobin 
(HbF) production. This may reduce the frequency and 
severity of crises in children. However, it is myelosup-
pressive and should be used with caution and only 
where facilities for monitoring blood counts exist and 
the dose can be monitored carefully.

Splenectomy (and surgery) in sickle- cell 
disease
Splenectomy is not routinely undertaken in children with 

sickle- cell disease, although it does have a role in allowing 
the baseline haemoglobin to rise by approximately 2 grams/
dL in children with evidence of hypersplenism.

Splenectomy may also be indicated in children who have 
had an episode of life- threatening splenic sequestration.

As with all surgical procedures in sickle- cell disease, 
careful risk assessment should be undertaken before a 
planned procedure involving a general anaesthetic, due to 
the risk of post- operative sickling secondary to hypoxae-
mia and cold. Current advice suggests that children with 
sickle- cell disease undergoing moderate-  or low- risk surgi-
cal procedures should be considered for a pre- operative 
transfusion to bring their haemoglobin level up towards 
(but not higher than) 10 grams/dL, to maximise oxygen- 
carrying capacity.

Growth
Growth failure and delayed puberty are common in children 
with sickle- cell disease, especially in those with hypersplen-
ism or who have had multiple acute sickle crises. Weight 
tends to be affected more than height, and malnutrition is 
a major factor in determining whether children achieve their 
full growth potential.

Puberty may be delayed because of hypersplenism 
or malnutrition because of the hyper- metabolic state and 
inadequate nutrition. 

Dietary advice, treatment of any chronic infections and 
possibly splenectomy (if hypersplenism is present) may be 
helpful. Occasionally, children may benefi t from temporary 
use of the monthly transfusion programme to assist them 
into puberty.

Priapism
Priapism is a serious but under- reported complication of 
sickle- cell disease. If untreated, it can lead to fi brosis of the 
corpus cavernosa and impotence, a risk which appears to 
be lower in pre- pubertal boys. The duration of an episode 
predicts the overall outcome. Therefore prompt recognition 
and management are essential.

Patients typically present with an erect painful penis, 
which may be precipitated by a painful sickle crisis, fever, 
dehydration, use of recreational drugs, or sexual activity.

Acute fulminant priapism is characterised by a pro-
longed and sustained episode, more than 4 hours in 
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duration. In stuttering priapism, episodes are repetitive and 
may be individually brief. Patients may have a combination 
of both of these events.

Treatment of acute priapism is still the subject of much 
debate. Current best practice suggests the initial use of 
warm baths, exercise, hydration and gentle sedation while 
preparing for a more defi nitive intervention. Subsequent 
defi nitive treatment choices include aspiration of blood 
from the corpus cavernosum followed by surgical washout 
using saline (irrigation) or adrenergic agonists, which can 
be performed under conscious sedation. The goal is rapid 
detumescence within 4–12 hours of the procedure. Ideally, 
treatment should start within 2 hours of an episode. After 
12 hours the patient may require surgical intervention to 
achieve detumescence. Exchange transfusion (the target 
haemoglobin concentration is approximately 10 grams/dL, 
with a haematocrit no higher than 0.4) may be required.

There is still considerable debate about the best treat-
ment options for stuttering priapism, and this is the subject 
of an ongoing international trial (PISCES). Currently patients 
with stuttering priapism can be advised to try gentle exercise 
and warm baths. A preventative approach may be needed, 
and the following options are available: 

 O Pseudoephedrine at 30 mg/kg/day, increasing to 60 mg/
kg four times a day: 

 — alternatively give etilefrine 0.25 mg/kg twice a day
 — both of these drugs are part of the ongoing PISCES 
trial (2011).

 O Hydroxyurea at 10–30 mg/kg/day.
 O Use of the long- term transfusion programme.

Other problems
 O Around 30% of SS children suffer from sleep- related 

upper airways obstruction with consequent hypox-
aemia. Nocturnal hypoxaemia has been increasingly 

identifi ed as a risk factor for acute chest syndrome (and 
possibly an independent risk factor for stroke) in children 
with sickle- cell disease, and marked improvement can 
occur after adeno- tonsillectomy. Treatment is as indi-
cated for other children with upper airways obstruction 
(see Section 5.1.D).

 O Chronic pain resulting from damage caused by acute 
vaso- occlusive crises occurs, and other pain secondary 
to the haemolytic process can occur.

 O Avascular necrosis of the hip or shoulder can occur 
as young as 6 years, although it is uncommon before 
adolescence. The initial presentation may be with the 
acute vaso- occlusive crisis, but once disintegration 
of the femoral head occurs, the pain is of a chronic 
osteoarthritic type, and should be managed as such.

 O Leg ulcers that can become seriously infected are com-
mon, and their prevalence rises with age. Appropriate 
antibiotics such as erythromycin and flucloxacillin, 
wound cleaning and protection together with rest and 
elevation of the leg are helpful. Compression stockings 
may also be of benefi t.

 O Children develop a renal tubular concentrating defect by 
the age of 2 years. During adolescence, proteinuria, the 
nephrotic syndrome or chronic renal failure may develop.

 O Renal papillary necrosis may produce haematuria, uri-
nary tract infection and renal colic. Rarely the haematuria 
is severe and blood transfusion is required. Renal colic 
is treated with copious fl uids and adequate analgesia.

 O Many patients are chronically jaundiced with exacerba-
tions. There is no treatment, and reassurance should be 
given that this rarely represents liver failure.

 O Gallstones are common, due to pigment from haemoly-
sis. The pain can mimic an acute painful crisis. Treatment 
is surgical. Antibiotic treatment of cholecystitis with 
amoxicillin and metronidazole may be required. 

5.11.C Haemolytic anaemias

BOX 5.11.C.1 Minimum standards
 Q Folic acid.
 Q Screened blood for transfusion.
 Q Splenectomy.
 Q Iron chelation therapy: desferrioxamine. 
 Q Pneumococcal vaccine/penicillin.
 Q Meningococcal vaccine. 
 Q Haemophilus infl uenzae type B (HiB) vaccine.

Defi nition
Haemolytic anaemias are disorders characterised by a 
reduction in the lifespan of red blood cells, and may be 
congenital or acquired. 

Clinical features of haemolytic anaemia
These include pallor, jaundice, splenomegaly and 
gallstones.

The degree of splenomegaly can be a useful clue to the 
cause of haemolytic anaemia.

TABLE 5.11.C.1 The differences between congenital and acquired 
haemolytic anaemia

Congenital Acquired

Haemoglobin defects: 
sickle- cell disease, 
thalassaemia

Infection: malaria, visceral 
leishmaniasis

Red cell enzyme defects: 
G6PD, pyruvate kinase 
defi ciency

Alloimmune: haemolytic disease 
of the newborn, transfusion 
reactions

Red cell membrane defects: 
spherocytosis, elliptocytosis

Red cell fragmentation: 
haemolytic–uraemic syndrome 

Autoimmune infection (e.g. 
EBV, CMV, HIV, mycoplasma), 
malignancies (lymphomas, 
leukaemias), immune 
defi ciencies

Drugs 

Burns
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Laboratory features of haemolytic anaemias: 
general
These include low haemoglobin, increased reticulocyte 
count, raised and predominantly unconjugated bilirubin, 
pink plasma after centrifuging of blood (due to free haemo-
globin) in severe cases, reduced haptoglobin, and increased 
urinary urobilinogen.

Hereditary haemolytic anaemias 
Red cell membrane defects (dominant 
inheritance)
Spherocytosis
This is the most common haemolytic anaemia due to a 
membrane defect. It may present at any time from birth to 
old age, and varies in severity from patients with haemo-
globin concentrations of 4–5 grams/dL to asymptomatic 
individuals with normal haemoglobin levels. Acute haemo-
lytic or aplastic crises may be triggered by viral infections. 
These usually last for 10–14 days, but may result in sudden 
severe anaemia requiring transfusion. 

Diagnosis
 O Along with a positive family history, the clinical features 

are mild jaundice, pallor and splenomegaly. Gallstones 
may occur in children.

 O Laboratory features: blood fi lm shows spherocytes, 
increased osmotic fragility of red cells, increased reticu-
locytes, negative antiglobulin (Coombs’) test.

Treatment
 O Folic acid 1 month–12 years 2.5–5 mg daily; 12–18 years 

5–10 mg daily. 
 O Severely anaemic and symptomatic moderately anaemic 

children may benefi t from splenectomy if the facilities 
available make this a low- risk procedure. 

 — Splenectomy carries a major risk of life-
long increased vulnerability to infection with 
capsulated bacteria such as pneumococci, 
meningococci and Haemophilus infl uenzae type 
B. The risks and benefi ts need to be weighed up 
very carefully before splenectomy is undertaken.

 — Delay splenectomy until after the age of 5–10 years 
if possible.

 O Administration of pneumococcal, meningococcal and 
HiB vaccine prior to splenectomy, and lifelong prophy-
lactic oral penicillin thereafter (under 12 months of age, 

62.5 mg twice daily; 1–5 years 125 mg twice daily; over 
5 years 250 mg twice daily).

Elliptocytosis 
This condition is less common than spherocytosis. It is rare 
in European populations, but is seen more often in West 
Africa. In South- East Asia there is a variant, South- East 
Asian ovalocytosis (SAO), which causes oval- shaped red 
cells and neonatal hyperbilirubinaemia, but little haemolysis 
later in life.

Diagnosis
 O Blood fi lm shows 25–90% of oval, elliptical or rod- 

shaped red blood cells.
 O Homozygotes tend to have severe haemolytic anaemia 

from infancy.

Treatment
This is the same as for spherocytosis.

Stomatocytosis
Hereditary stomatocytosis is rare, but it can be acquired 
in several conditions, especially liver disease. The heredi-
tary form may cause neonatal oedema and ascites which 
resolves spontaneously.

Diagnosis
Blood fi lm shows erythrocytes with a central mouth- like 
slit (stomatocytes).

Treatment
This is the same as for spherocytosis, but splenectomy is 
ineffective and may be harmful, leading to a thrombotic 
tendency.

Metabolic defects
Glucose- 6- phosphate dehydrogenase 
defi ciency (G6PD) (X- linked)
There are two types of normal G6PD enzymes (types A 
and B). Worldwide, there may be 100 million people with 
diminished red cell G6PD activity. G6PD A defi ciency is 
common in black children, and their G6PD function is 
reduced to about 10% of normal. G6PD B defi ciency (G6PD 
Mediterranean) is less common, and the enzyme activity 
is reduced to 1–3%; this and the Chinese variant of G6PD 
defi ciency are the more severe forms of the disease.

Clinical features
Severe enzyme deficiency causes chronic haemolytic 
anaemia and jaundice. 

Haemoglobinuria may occur with less than 10% enzyme 
activity, and severe episodes of haemolysis occur with 
oxidant stress:

 O favism due to ingestion of the fava broad bean or inhala-
tion of its pollen

 O oxidant drugs such as antimalarial drugs, sulphonamides, 
high- dose aspirin, non- steroidal anti- infl ammatory drugs 
(NSAIDs), quinidine, quinine, nitrofurantoin, phenacetin 
and vitamin K analogues

 O other chemicals, such as those in mothballs, can also 
trigger an episode.

TABLE 5.11.C.2 Degree of splenomegaly in haemolytic anaemias

With minor splenomegaly With marked splenomegaly

G6PD defi ciency Sickle- cell disease

Autoimmune haemolytic 
anaemia

Beta- thalassaemia major

Haemolytic–uraemic 
syndrome

Hb E beta- thalassaemia

Beta- thalassaemia minor Hereditary spherocytosis

Hb H alpha- thalassaemia 
syndrome

Hyper- reactive malarial 
splenomegaly

(tropical splenomegaly)

Visceral leishmaniasis 
(kala- azar)
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Diagnosis
 O Blood fi lm shows ‘blister’ and ‘bite’ cells. Heinz bodies 

may be seen on unstained blood fi lm.
 O Enzyme assay (if available) is needed to make the diag-

nosis (but this may be normal if reticulo cyte numbers 
are raised). It may be necessary to wait several weeks 
after an acute episode before measuring enzyme levels.

Treatment
 O Avoid drugs that cause oxidant stress (i.e. chloroquine, 

primaquine, sulphonamides, nitrofurantoin, quinolones, 
dapsone, high- dose aspirin, phenacetin) or fava beans. 
If primaquine is necessary, this can be given weekly for 
8 weeks.

 O Patients usually recover spontaneously once the pre-
cipitating factors have been removed.

 O Transfusion may be necessary if there is severe 
haemolysis.

Pyruvate kinase defi ciency (autosomal 
recessive)
This is the second commonest enzyme defect of the gly-
colytic pathway, and affects mainly northern Europeans.

Clinical features
These are very variable. 

 O Neonates may have severe haemolysis and present 
with early jaundice (within 48 hours), anaemia and 
hyperbilirubinaemia.

 O In older children, haemolysis is variable and may be 
asymptomatic or lead to poor growth, delayed puberty 
and the skeletal changes associated with chronic 
haemolysis, such as maxillary prominence and fron-
tal bossing and an increased tendency to long bone 
fractures.

Diagnosis
 O Blood fi lm shows increased reticulocytes, Heinz bodies 

and mild macrocytosis.
 O Enzyme assay for pyruvate kinase.

Treatment
 O Folic acid (250 micrograms/kg once daily).
 O Splenectomy (only if the facilities available make this a 

low- risk procedure).
 O Transfusion if there is severe anaemia or an aplastic 

crisis.

Haemoglobin defects
 O Abnormal variants: sickle (see Section 5.11.B), Hb C, 

Hb E, Hb D, etc.
 O Defective synthesis: thalassaemias.
 O Beta- thalassaemia major (autosomal recessive).

Beta- thalassaemia major
In this condition there is a complete or almost complete 
absence of the beta- globin chain synthesis. There is a 
high incidence of the beta- thalassaemia gene (1–15%) 
in southern Europe, the Middle East, India, Pakistan and 
South- East Asia.

Clinical features
 O Anaemia, which becomes obvious by 3 months.
 O Weakness and tiredness.

 O Failure to thrive, intermittent fever and poor feeding.
 O Cardiac failure may develop.
 O Infections and splenomegaly.
 O Stunted growth with skeletal changes (e.g. frontal 

bossing, maxillary hyperplasia, increased tendency to 
fractures).

 O Increased skin pigmentation.
 O Delayed puberty.

Diagnosis
 O Blood fi lm shows microcytosis, anisocytosis, and hypo-

chromic and nucleated red cells.
 O Haemoglobin electrophoresis: Hb F increased (10–90%), 

Hb A absent, Hb A2 can be reduced, normal or occa-
sionally elevated.

 O Serum iron and ferritin levels are increased.
 O Reticulocyte numbers are often lower than expected for 

the degree of anaemia.

Management of beta- thalassaemia major 
Management is by regular blood transfusion and iron 
chelation therapy to reduce iron deposition in tissues, 
especially the heart, liver and endocrine glands (transfusion 
haemosiderosis).

Blood transfusion
 O Monitor haemoglobin levels, growth and development, 

and transfuse when the child stops developing or 
when the haemoglobin concentration is less than 
7 grams/dL in the absence of infection.

 O Blood should be ABO, rhesus (Dd, Cc, Ee) and Kell 
matched and fi ltered to avoid allo- immunisation and 
transfusion reactions.

 O Immunise against hepatitis B prior to transfusion.
 O Transfuse 20 mL/kg of fi ltered red cell concentrate over 

2–3 hours.
 O To monitor, calculate the transfused red cell concentrate 

in mL/kg yearly. If blood consumption is > 300 mL/kg, 
investigate the cause.

 O Increased blood consumption may be due to large 
spleen, large liver, autoimmune haemolytic anaemia or 
multiple allo- antibodies.

 O To prevent bone deformities, osteoporosis and extra- 
medullary haematopoiesis, aim for a pre- transfusion 
level of not less than 9 grams/dL.

 O Pre- transfusion haemoglobin is mandatory. Post- 
transfusion haemoglobin is optional.

 O As a rule, the haemoglobin level drops by 1 gram/
week in splenectomised children, whereas in non- 
splenectomised patients it drops by 1.5 grams/week.

 O Monitor serum ferritin levels (normal range is 7–200 micro-
grams/litre in children over 5 months old).

Iron chelation
 O To avoid damage to the endocrine glands, liver and 

heart, iron chelation should be started when the serum 
ferritin level is around 1000 micrograms/litre.

1. Desferrioxamine infusion IV or subcutaneous given 
slowly over 10–12 hours. The initial dose should 
not exceed 30 mg/kg desferrioxamine in 10 mL of 
water for injection, followed by maintenance doses 
of 20–50 mg/kg each over 10–12 hours on 3–7 
nights a week. 

Too much desferrioxamine can cause growth, 
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hearing and eyesight problems. Give 100–200 mg 
vitamin C orally at the same time as desfer-
rioxamine. This enhances iron excretion in the 
urine, but it should be given separately from food 
as it also enhances iron absorption from food. 
Desferrioxamine should not be given to children 
with cardiac dysfunction.

2. Oral chelation (Deferiprone or Deferasirox) may be 
used when desferrioxamine is not available or not 
tolerated. These drugs are much more acceptable 
to children than desferroxamine as they are oral 
rather than a long overnight infusion but they have 
signifi cant side effects. 

 O Deferiprone by mouth: child 6–18 years 25 mg/kg 3 
times daily (maximum 40 mg/kg daily).

 O Deferasirox by mouth: child 2–18 years initially 10–30 mg/
kg once daily according to serum- ferritin concentration. 
For maintenance, consult product literature.

 O The most serious side effect is neutropenia.
 O Monitor the neutrophil count every 2 weeks.
 O If the neutrophil count is less than 1.0 × 109/litre, stop 

iron chelation and monitor recovery.
 O If infection is present, the neutrophil count is less than 

0.5 × 109/litre and there are symptoms, take blood 
cultures and treat with a broad- spectrum antibiotic to 
prevent septicaemia.

 O Other side effects are joint pain, nausea, fl uctuating liver 
enzymes and zinc defi ciency.

Monitoring treatment
 O Measure height and weight, plot height velocity and 

watch for delayed puberty.
 O To avoid psychological trauma and ensure the devel-

opment of secondary sexual characteristics, treat if no 
signs of sexual development have occurred by 16 years 
of age (see Section 5.8.C).

 O Check the following at least twice yearly: serum ferritin 
(iron overload), liver function tests, calcium, phosphate, 
alkaline phosphatase (hypoparathyroidism, tetany).

 O Undertake yearly screening for HCV and HIV infection.
 O If HCV is positive, assess viraemia (serotype) if possible, 

perform a liver biopsy and give inter feron with or without 
ribavirin to avoid cir rhosis and hepatoma.

 O If HIV- positive, continue transfusions and give the latest 
available antiviral treatment.

 O All blood donors should be tested for HCV and HIV.

Acquired haemolytic anaemia
Immune mediated

 O Haemolytic transfusion reaction.
 O Haemolytic disease of the newborn (see Section 3.4).

 O Hypersplenism.
 O Secondary to infection: EBV, CMV, Mycoplasma, rarely 

HIV.
 O Secondary to malignancies: lymphomas, leukaemias.
 O Secondary to autoimmune diseases: SLE, rheumatoid 

arthritis.

Diagnosis
 O Anaemia with increased reticulocytes.
 O Splenomegaly.
 O Positive direct Coombs’ test.

Management 
 O Most secondary cases (70–80%) are transient, lasting 

about 3 months.
 O Infants and older children may develop the chronic form.
 O Treatment may not be needed if the symptoms are not 

severe.
 O Transfusion may be necessary if there is severe 

haemolysis.
 O Steroids: prednisolone 2 mg/kg/day (up to 6 mg/kg/day 

in severe cases) can be given if treatment is needed 
until the rate of haemolysis declines, and then stopped 
gradually.

Malaria
See Section 6.3.A.d.

Secondary to organ disease
Renal failure (see Section 5.6.C).

Liver disease (see Section 5.7.B). 

Burns
See Section 7.3.I.b.

Miscellaneous 
 O Chemicals and drugs.
 O Toxins (e.g. Haemophilus infl uenzae type B, staphylo-

coccal, streptococcal, clostridial).
 O Venoms (e.g. cobra, viper, rattlesnake, bee, wasp, yel-

low jacket).

Reference
British Committee for Standards in Haematology. www.
bcshguidelines.com (up- to- date guidelines on spherocyto-
sis and infection risk in people who have had splenectomy). 



543

Section 5.11

5.11.D Blood clotting disorders

BOX 5.11.D.1 Minimum standards
 Q Regional/national centre.
 Q Prednisolone.
 Q Immunisation; hepatitis B. 
 Q Blood clotting products.
 Q Desmopressin and tranexamic acid.

Factor defi ciencies
The incidence of haemophilia is similar worldwide, at 
around 1 in 5000–10 000 male births. Major advances 
have been made in both separating haemophilia A (factor 
VIII defi ciency) and haemophilia B (factor IX defi ciency) and 
delivering safe therapeutic intervention with replacement 
therapy. However, this is only available to the 20% of hae-
mophiliacs who live in well- resourced countries. For those 
in resource- limited countries, severe haemophilia continues 
to be a personal and social disaster, with affected boys 
becoming progressively crippled during childhood from 
spontaneous painful intractable haemorrhages into muscles 
and joints. These boys commonly die in childhood or early 
adulthood. Severe defi ciencies of the other coagulation 
factors (X, XI, VII, V, XIII, fi brinogen and von Willebrand 
factor) are also associated with severe and sometimes 
life- threatening or fatal haemorrhage.

 O The largest barrier to providing replacement therapy is 
its high cost.

 O There are also non- fi nancial barriers, including insuf-
fi cient knowledge even among the medical community, 
lack of a proper healthcare structure, and low levels of 
literacy.

 O In the last decade the WHO and the World Federation 
of Haemophilia (WFH) have made considerable progress 
in setting up programmes in resource- limited countries.

 O The WHO has identified the following as core 
components:

 — training of care providers and the establishing of 
care centres

 — identification and registration of people with 
haemophilia

 — improving social awareness of haemophilia
 — prevention of haemophilia
 — providing safe therapeutic products
 — developing a programme of comprehensive care.

How can delivery of haemophilia care 
be implemented in resource- limited 
countries?

 O National haemophilia societies are crucial. In addition to 
supporting affected families, they can lobby for support 
from the healthcare budget.

 O The WHO and WFH have visiting teams that have 
contributed to education and improvement through 
these national groups. They include international hae-
mophilia training fellowships, workshops and twinning 
programmes, in order to transfer knowledge and diag-
nostic expertise to these embryo services.

 O It is important that those planning healthcare fully appre-
ciate that provision of laboratory diagnostic services for 

haemophilia and the development of safe blood transfu-
sion services to provide safe replacement therapy will 
benefi t a wide range of medical services.

How should the service be built and 
structured?

 O At least one national centre should be created where 
the laboratory, scientifi c and medical expertise exists to 
make an accurate diagnosis, which will then allow the 
appropriate counselling, including genetic counselling, 
of the patient’s family (similar to a national centre for 
cancer therapy with links to centres in well- resourced 
countries: see Section 5.14). With advances in molecular 
biology, carriers of haemophilia can currently be identi-
fi ed and antenatal diagnosis provided so that a choice 
can be made to prevent the birth of haemophiliac boys, 
particularly if treatment is not available.

 O National registers should be set up for service planning.
 O A clinical service involving paediatricians, dentists, ortho-

paedic surgeons and adult physicians needs to be set 
up. Safe replacement therapy, probably initially derived 
from donated plasma, should be developed.

 O Donor screening and product treatment to remove the 
risk of at least HIV and hepatitis B and C infection must 
be provided.

 O Haemophiliacs should be vaccinated at an early age 
against hepatitis B.

What treatment should be given in the 
absence of replacement therapy?
Spontaneous haemorrhages into muscles and joints can 
be extremely painful and will lead to progressive crippling 
deformities. The acute episode must be managed with bed 
rest. For bleeds such as those in the knees, splinting with 
a back slab to restrict movement may help. Analgesia for 
the pain is also required (see Section 1.15). Opiates may 
be needed to obtain adequate pain relief. Bleeding with 
loss of fi rst dentition may be severe enough to warrant 
blood transfusion.

In mild to moderate cases, desmopressin (DDAVP) 
can be helpful.

 O By intravenous infusion over 20 minutes: Child 1 
month–18 years 300 nanograms/kg as a single dose 
immediately before surgery or after trauma; may be 
repeated at intervals of 12 hours if no tachycardia.

 O Intranasally: Child 1–18 years 4 micrograms/kg as a 
single dose. For pre- operative use, give 2 hours before 
procedure.

Avoid drugs that impair haemostasis, such as aspirin 
and non- steroidal anti- infl ammatory drugs (NSAIDs) (e.g. 
ibuprofen).

Platelet defi ciencies: idiopathic 
thrombocytopenic purpura (ITP)

 O Isolated thrombocytopenia usually follows a viral infec-
tion 1–3 weeks previously.

 O Boys and girls are equally affected, and the peak inci-
dence is in those aged 2–4 years.
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 O There is a 90% probability of complete remission, but 
those presenting over the age of 10 years are more likely 
to have chronic ITP.

 O ITP that persists for 6 months is defi ned as chronic.
 O Children with chronic ITP are more likely to have an 

underlying cause (e.g. autoimmune disease).
 O Bleeding manifestations include petechiae, purpura, 

epistaxes, haematuria, gastrointestinal haemorrhage 
and (rarely) intracerebral haemorrhage. The child has 
no hepatosplenomegaly and is usually well.

 O Other causes of thrombocytopenia must be excluded. 
If there is any doubt, a bone- marrow aspirate will show 
normal haematopoiesis with increased numbers of 
megakaryocytes in ITP.

Management
 O Treatment is based on symptoms, not platelet count, 

and many patients require no treatment.
 O Petechiae on the head and neck, and gastrointesti-

nal and oral bleeding, are indicators for prednisolone 
(1–2 mg/kg/day after food in two divided doses for no 
more than 14 days or 4 mg/kg for no more than 4 days; 

reduce over 5 days and stop irrespective of the platelet 
count if the patient is asymptomatic). Prednisolone does 
not alter the course of the disease. The time to remission 
is very variable.

 O Tranexamic acid can be useful in the treatment of 
mucosal bleeding. Give 10 mg/kg IV slowly over 10 min-
utes in children 6–18 years (maximum 1 gram) followed 
by 25 milligrams/kg orally (maximum 1.5 gram) three 
times daily for 2–8 days.

 O Hormonal treatment can benefi t girls with menorrhagia. 
In addition Tranexamic acid 1 gram orally 3 times daily for 
up to 4 days can help (initiate when menstruation starts).

 O Chronic ITP with serious bleeding into the gastrointes-
tinal tract or brain may require splenectomy. However, 
in resource- limited countries there is a high risk of 
infection following splenectomy, and long- term penicillin 
prophylaxis and pneumococcal vaccination are required.

Reference
Grainger JD, Rees JL, Reeves M et al. (2012) Changing trends 

in the UK management of childhood ITP. Archives of Disease 
in Childhood, 97, 8–11.

5.12 Gastrointestinal disorders

5.12.A Acute diarrhoea

BOX 5.12.A.1 Minimum standards
 Q Reduced- osmolarity ORS.
 Q ReSoMal for children with severe malnutrition.
 Q IV fl uids: Hartmann’s or Ringer- lactate solution with 

glucose 5% or 10% to prevent hypoglycaemia.
 Q Potassium: oral and IV.
 Q ABC resuscitation for shock.
 Q Antibiotics: co- trimoxazole, amoxicillin, nalidixic acid, 

ciprofloxacin, cefotaxime, chloramphenicol, eryth-
romycin, metronida zole, tetracycline, vancomycin, 
doxycycline.

Important issues
 O Shock management, rehydration therapy and continued 

feeding are key strategies.
 O Antibiotics are not given routinely, but they are indicated 

in bloody diarrhoea (probable Shigella infection) and 
suspected cholera.

 O Antidiarrhoeal drugs and anti- emetics should never be 
given and can be dangerous in children.

 O Zinc supplementation speeds recovery and helps to 
prevent further episodes.

Introduction
Diarrhoeal diseases are a leading cause of childhood mor-
bidity and mortality in resource- limited countries. In 2001, 
an estimated 1.5 million children under 5 years of age died 
from diarrhoea, 80% of them in the fi rst 2 years of life. Around 
50% of these deaths are due to watery diarrhoea and occur 
either because of lack of access to oral rehydration solution 
(ORS) or because of incorrect case management. About 
one- third of deaths are caused by persistent diarrhoea and 
the remainder (approximately 15%) are caused by dysentery.

This section is primarily aimed at the management of 
the infant and child under 5 years as they are the most 
seriously affected. There are particular problems in man-
aging children with severe co- morbidities: these include 
signifi cant malnutrition and anaemia (Hb below 6 G/dL see 
Sections 5.10.B and 5.11.A). In these children, assess-
ment is more diffi cult and there is likely to be an abnormal 
response to a fl uid load because of poor cardiac function. 
Modifi cations to the management plans for these children 
largely involve slower shock management and rehydration, 
the careful use of blood transfusion and diuretics and very 
frequent re- assessment.

ORS has been a simple and effective solution, reducing 
morbidity and mortality in diarrhoeal illness. The new low- 
osmolarity ORS reduces by 33% the need for supplemental 
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IV fl uid therapy after initial rehydration compared with the 
previous standard WHO ORS solution. The new ORS 
also reduces the incidence of vomiting by 30% and stool 
volume by 20%. 

In addition, zinc supplementation has been shown to 
signifi cantly reduce the severity and duration of diarrhoea.

Defi nition
Diarrhoea is the passage of loose or watery stools, usually 
at least three times in a 24- hour period. However, it is the 
consistency of the stools rather than the number that is 
most important. Mothers usually know when their children 
have diarrhoea, and may provide useful working defi nitions 
in local situations. The volume of fl uid lost through the 
stools in 24 hours can range from 5 mL/kg (near normal) 
to 200 mL/kg, or more. Dehydration occurs when these 
losses are not replaced adequately and a defi cit of water 
and electrolytes develops. The concentrations and amounts 
of electrolytes lost also vary. The total body sodium defi cit 
in young children with severe dehydration due to diarrhoea 
is usually about 70–110 millimoles/litre of water defi cit. 
Potassium and chloride losses are in a similar range.

The most common causes of diarrhoea are rotavirus, 
enterotoxigenic E. coli (ETEC) and, during epi demics, Vibrio 
cholerae O1 or O139.

Classifi cation of diarrhoea
 O Acute watery diarrhoea (including cholera): this lasts 

from several hours to days. The main danger is dehy-
dration, and malnutrition also occurs if feeding is not 
continued. If there is a current epidemic, cholera is likely 
and causes severe dehydration with a positive stool 
culture for Vibrio cholerae O1 or O139.

 O Acute bloody diarrhoea, or dysentery (blood is mixed 
in with stool): the main dangers are intestinal damage, 
sepsis and malnutrition. Other complications, including 
dehydration, may also occur.

 O Persistent diarrhoea: this is defi ned as passage of three 
or more loose watery stools in a 24- hour period, which 
lasts for 14 days or longer. The main danger is malnu-
trition and serious non- intestinal infection; dehydration 
may also occur (see Section 5.12.B).

 O Diarrhoea with severe malnutrition (marasmus or 
kwashiorkor): the main dangers are severe systemic 
infection, dehydration, heart failure and vitamin and 
mineral defi ciency (see Section 5.10.A).

 O Diarrhoea associated with a recent course of broad- 
spectrum oral antibiotics.

Assessment of the child with diarrhoea
 O Fever, vomiting and loose stools are the common symp-

toms of acute gastroenteritis.
 O If possible, rule out other serious illness (e.g. meningitis, 

malaria, bacterial sepsis).
 O Assess for degree of dehydration, bloody diarrhoea, 

persistent diarrhoea, malnutrition and serious non- 
intestinal infections.

History
Specifi c points to enquire about in the history include the 
following:

 O duration of diarrhoea
 O presence of blood in the stool

 O local knowledge or reports of a cholera epidemic
 O recent use of antibiotics
 O the presence of fever, cough or other important prob-

lems (e.g. convulsions, measles)
 O usual feeding practices
 O the type and amount of fl uids (including breast milk) and 

food taken during the illness
 O drugs or other remedies taken
 O immunisation history.

Physical examination
First assess the patient for shock and treat this urgently 
as a priority if it is present. Children with shock will have 
reduced consciousness, a high and increasing heart rate, 
weak pulse, poor skin circulation time with prolonged capil-
lary refi ll time (> 3 seconds), and low or even unmeasurable 
blood pressure.

Children with shock require immediate resuscita-
tion (ABC), including high concentrations of oxygen (if 
available) and an IV bolus of 10–20 mL/kg of either Ringer- 
lactate or Hartmann’s solution given as rapidly as possible 
(see Section 5.5.B). If IV access is not possible (often the 
veins are collapsed), consider the intra- osseous route (see 
Section 8.4.B). If shock is not relieved by 20 mL/kg, give 
another bolus of 10–20 mL/kg, but watch very carefully for 
fl uid overload and in particular pulmonary oedema (this is 
most likely if the patient is also severely anaemic and will 
be shown by increasing breathlessness, crepitations may 
be heard).

The examination includes measurement of vital signs 
together with clinical correlation. The degree of dehydration 
is graded according to signs and symptoms that refl ect the 
amount of fl uid lost (see Table 5.12.A.2). Infants with acute 
diarrhoea are more apt to dehydrate than are older children, 
because they have a higher body surface area to weight 
ratio, have a higher metabolic rate, and are dependent on 
others for fl uid. Although the most accurate assessment of 
fl uid status is acute weight change, the patient’s premorbid 
weight is often not known.

In severe dehydration, prolonged skin retraction time 
and decreased perfusion are more reliably predictive of 
dehydration than a sunken fontanelle or the absence of 
tears. A good correlation has been reported between 
capillary refi ll time and fl uid defi cit. However, fever, ambient 
temperature and age can affect capillary refi ll time as well. 
In severe dehydration, shock and death soon follow if 
rehydration is not started quickly.

Children with some dehydration or severe dehydration 
should be weighed without clothing when estimating their 
fl uid requirements. If weighing is not possible, the child’s 
age may be used to estimate their weight:

 O Weight = (age in years + 4) × 2 for children less than 
10 years old.

 O For an infant up to 1 year old, birth weight doubles by 
5 months and triples by 1 year.

Treatment should never be delayed because facilities 
for weighing are not rapidly available. 

In addition:
 O Look for an abdominal mass or abdominal distension.
 O In an infant less than 1 week old, diarrhoea is sometimes 

a sign of neonatal sepsis (see Section 3.4). In an infant, 
blood in the stool may be due to an intussusception 
(see Section 5.19).
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Remember other diagnoses, including typhoid, antibiotic- 
associated colitis and (rarely) infl ammatory bowel disease 
(see Section 5.12.D).

Investigations
Laboratory investigations are rarely needed at the out-
set. Serum electrolytes, especially sodium or potassium 
concentrations, are useful in severe dehydration and for 
monitoring progress, if available. Stool cultures should be 
undertaken if at all possible in dysentery (bloody diarrhoea), 
but are not needed to initiate treatment in the usual case 
of acute watery diarrhoea. Stool microscopy can be use-
ful for diagnosing Giardia lamblia, Cryptosporidium and 
amoebic dysentery.

Principles of case management
There are fi ve essential elements of the management of all 
children with diarrhoea:

 O Resuscitation from shock, if present: Give IV boluses 
of Hartmann’s solution or Ringer- lactate solution. This 
needs to be done rapidly (caution is required in malnu-
trition and anaemia; see Section 5.10.B). Improvement 
in conscious level is a good indicator of response to 
circulatory shock treatment. 

 O Rehydration therapy: this should be done more slowly, 
so as not to cause rapid metabolic change.

 O Maintenance therapy: this is to replicate the normal 
fl uid needs and any ongoing extra losses.

 O Zinc supplementation.
 O Continued feeding.

Calculating fl uid requirements
WHO Plans A to C for gastroenteritis in children (see 
Appendix to this section) include estimates of total fl uid 
requirements, and assume that most children will be drink-
ing by 4 hours into treatment and thus able to ‘self- regulate’. 
For patients for whom this is not the case, fl uid management 
can be undertaken using the following guidelines.

Estimating fl uid requirements
The amount of fl uid that the child needs over a 24- hour 
period needs to be calculated. It is the sum of: 

estimated fl uid defi cit + maintenance requirements + 
ongoing losses.

Defi cit
If an accurate recent pre- illness weight is available, 
subtract the current weight to estimate lost fl uid (1 kg = 1 
litre of fl uid).

For example, a child who weighed 9.2 kg is seen with 
diarrhoea and weighs 8.3 kg:

estimated fl uid loss is (9.2 – 8.3) kg = 0.9 kg = 900 mL 
defi cit, i.e. 10% dehydrated.

If no recent weight is available, or the recorded 
weight is considered to be unreliable, assess the degree 
of dehydration as described in Table 5.12.A.2.

Weigh the child (or estimate their weight from their 
age as follows: weight (kg) = 2 × [age (years) + 4]) if over 
one year.

Then use the following formula: percentage dehydration 
× weight (kg) × 10 = defi cit (in mL).

For example, a child whose weight is estimated to be 10 kg 
is 10% dehydrated.

Their estimated fl uid loss is 10 × 10 × 10 = 1000 mL 
(40 mL/hour if replaced over 24 hours).

Maintenance

TABLE 5.12.A.1 Estimated maintenance fl uid requirements based 
on body weight for a child

Body weight Fluid needed 
per day

Fluid needed 
per hour

First 10 kg of body weight 100 mL/kg 4 mL/kg

Second 10 kg of body 
weight

50 mL/kg 2 mL/kg

Subsequent kg 20 mL/kg 1 mL/kg

Ongoing losses
For each diarrhoeal stool: 

 O < 2 years of age: give 50–100 mL or 10 mL/kg
 O * 2 years of age: give 100–200 mL or a cup or small 

glass if drinking or tolerating NG fl uid.

For each vomit: use 2 mL/kg ORS, and give small frequent 
volumes (e.g. 5 mL/minute in a child) via a spoon, syringe 
or cup. Gradually increase the amount given and closely 
supervise this.

For nasogastric tube aspirates: replace volume for 
volume with either ORS or Ringer- lactate solution with 5% 
or 10% glucose or Hartmann’s solution with 5% or 10% 
glucose.

Signs of over- hydration
 O Oedematous (puffy) eyelids. 
 O Heart failure (especially in severe malnutrition), chronic 

malnutrition or protein- losing enteropathy: look for 
tachycardia, tachypnea, crepitations at the lung bases, 
hepatomegaly or gallop rhythm (see Section 5.4.B).

 O A chest X- ray may be helpful in showing pulmonary 
plethora or oedema.

Stop giving ORS, but give breast milk or plain water, and 
food.

Do not give a diuretic unless there is pulmonary oedema 
(lung crepitations), in which case give furosemide 1 mg/
kg IV.

Treatment phases in dehydration with 
shock
In the shock phase, the circulating volume must be improved 
suffi ciently to perfuse vital organs, this will be identifi ed by 
an improvement in conscious level, falling heart rate and 
stronger pulse volume.

 O In the rehydration phase, the fl uid defi cit should be 
replaced and clinical hydration achieved. 

 O In the maintenance phase, adequate dietary and fl uid 
intake should be maintained. 

 O In all phases, excess fl uid losses must be replaced 
continuously. 
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A child’s fl uid defi cit can be estimated as follows:
 O Mild or no signs of dehydration: < 5% fluid deficit; 

< 50 mL/kg.
 O Some dehydration: 5–10% fl uid defi cit; 50–100 mL/kg.
 O Severe dehydration: > 10% fl uid defi cit; > 100 mL/kg.

Rehydration therapy is based on degree of dehydration. 

Treatment with low- osmolarity ORS
The formula for standard ORS and the latest low- osmolarity 
ORS recommended by the WHO and UNICEF is given in 
Table 5.12.A.3. The quantities shown are for preparation 
of 1 litre of ORS, by adding one sachet of oral rehydration 
salts to 1 litre of clean water. 

When prepared and given correctly, ORS provides suffi -
cient water and electrolytes to correct the defi cits associated 
with acute diarrhoea. Potassium is provided to replace the 
large potassium losses associated with acute diarrhoea, 
especially in infants, thus preventing serious hypokalaemia. 
Citrate (or bicarbonate) is provided to prevent or correct 
base defi cit acidosis. Glucose is essential because, as it is 
absorbed, it promotes the absorption of sodium and water 
in the small intestine. This is true irrespective of the cause 
of the diarrhoea. Without glucose, ORS solution would be 
ineffective.

Healthcare workers and mothers criticised standard 
ORS because it did not reduce stool output or the duration 
of diarrhoea. Reduced- osmolarity ORS is as effective as 

standard ORS for preventing and treating diarrhoea, but it 
also reduces stool output/volume by 25%, reduces vomiting 
by almost 30%, and reduces the need for supplemental IV 
rehydration by 33%. This means that there is less need for 
hospital care, less disruption of breastfeeding, less use of 
needles and, where IV treatment is not available, less risk 
of dying from acute diarrhoea.

It is as effective as standard ORS in the treatment of 
cholera in adults, but may produce transient hyponatraemia. 
In children it appears to be as effective as standard ORS in 
cholera, but careful observations for hyponatraemia should 
be undertaken if possible.

Use ReSoMal instead of low- osmolarity ORS in 

TABLE 5.12.A.2 Estimated degrees of dehydration with symptoms, signs and treatment

Degree of dehydration 
with diarrhoea

Symptoms and signs present Treatment

No dehydration None

Increased thirst

 O Treat at home with extra fl uids. WHO Treatment 
Plan A (see below)

 O Breastfeeding or standard diet must continue
 O Warn mother about danger signs of some or 

severe dehydration and when to return 
 O Zinc supplements

Some dehydration 
(5–9% fl uid defi cit)

Two or more of the following signs:
 O Restless and irritable
 O Sunken eyes
 O Drinks eagerly/thirsty
 O Loss of skin turgor; tents when pinched and 

goes back slowly

Any one additional sign of severe dehydration below

 O Treat with WHO Treatment Plan B in hospital for 
at least 24 hours (if feasible)

 O Give ORS or ReSoMal if there is malnutrition
 O Breastfeeding or standard feeding to continue
 O Zinc supplements

Severe dehydration 
(10% or greater)

Two or more of the following signs
 O Prostration
 O Sunken eyes
 O Loss of skin turgor; tents when pinched and 

goes back very slowly (* 2 seconds)
 O Not able to drink or drinks poorly

In addition may show:
 O Rapid deep breathing from acidosis
 O Lack of urine output

 O WHO Treatment Plan C
 O Rapid IV rehydration, giving ORS while IV 

cannula is put in place
 O Test for and treat any hypoglycaemia
 O Breastfeeding or standard feeding as soon as 

possible
 O Zinc supplements

Shock As above with:
 O High and increasing heart rate; weak pulse 

volume 
 O Poor skin circulation time (cool and poorly 

perfused extremities) with prolonged capillary 
refi ll time (> 3 seconds) 

 O Low or even unmeasurable blood pressure
 O Very reduced conscious level or coma

 O Urgent IV or intra- osseous access
 O Urgent IV/intra- osseous fl uid bolus of 10 mL/kg 

Ringer- lactate or Hartmann’s solution
 O Repeat 10 mL/kg boluses if remains shocked, 

up to a total of 40 mL/kg, then beware of fl uid 
overload

 O Then rehydrate more slowly
 O Use NG or oral ORS/breast milk as soon as 

tolerated 

TABLE 5.12.A.3 Composition by weight of WHO/UNICEF oral 
rehydration salts to be dissolved in boiled water to produce 1 litre

Ingredient Original 
standard ORS 
(grams/litre 
clean water)

New and 
recommended 
low- osmolarity ORS 
(grams/litre clean 
water)

Sodium chloride 3.5 2.6

Trisodium citrate 
dihydrate

2.9 2.9

Potassium chloride 1.5 1.5

Glucose anhydrous 20 13.5
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children with severe malnutrition, as this product is 
specifi cally designed for such children.

Zinc supplementation
Zinc is an important micronutrient for children’s overall 
health and development. It is lost in greater quantity during 
diarrhoea. Replacing the lost zinc is therefore important 
both for helping the child to recover and for keeping them 
healthy in the coming months. It has been shown that zinc 
supplements given during an episode of diarrhoea reduce 
the duration and severity of the episode, and lower the inci-
dence of diarrhoea in the following 2–3 months. For these 
reasons, all patients with diarrhoea should be given zinc 
supplements as soon as possible after the diarrhoea has 
started. Give 10 mg/kg for infants less than 6 months old 
and 20 mg/kg for older infants and children for 14 days.

Treatments for different degrees of 
dehydration with/without shock
Dehydration does not neatly fi t into discrete categories, 
although texts such as this one and the WHO publica-
tions show practicality in this way for clarity and guidance. 
Similarly, it can be very difficult to distinguish severe 
dehydration from dehydration with shock, and the two 
‘categories’ overlap. The essential point to understand is 
that each severely ill patient must be reassessed frequently 
to ascertain whether the treatment protocol is having the 
desired effect of reversing the life- threatening signs of fl uid 
loss. Look for the following:

 O increasing awareness and response to stimuli
 O gradually strengthening pulse with a decreasing rate 

(however, a slow weak pulse is a pre- terminal sign).

Children severely dehydrated with shock: 
shock treatment phase
Children with shock will have a high and increasing 
heart rate, weak pulse, poor skin circulation time with 
prolonged capillary refi ll time (> 3 seconds), depressed 
conscious level, and low or even unmeasurable blood 
pressure.

These children require immediate resuscitation 
(ABC) and emergency treatment (see also Section 5.5.B).

Airway (if patient has a reduced conscious 
level)

 O Use an opening manoeuvre if the airway is not open or 

if it is partially obstructed. Then keep the airway open. 
If there is immediate improvement but the airway closes 
without active opening support, consider using airway 
adjuncts to support the airway. 

 O Suction if necessary, but not routinely.
 O If the child is deeply unconscious (P or less on the AVPU 

scale), the airway may need to be secured by intubation 
using experienced senior help (if available).

Breathing
 O Give 100% oxygen (mask with reservoir and fl ow rate of 

at least 6 litres/minute) regardless of SpO2 (this increases 
oxygen delivery as well as improving tissue oxygenation).

 O For inadequate ventilation or depressed conscious level 
(as indicated by the AVPU score) with hypoventilation, 
respiration should be supported with oxygen via a bag 
and mask, and experienced senior help summoned 
(if available). 

Circulation
 O Obtain vascular access to give boluses quickly. Insert an 

IV cannula and if facilities available send blood for a full 
blood count, urea and electrolytes blood glucose, cross- 
matching (if anaemic) and clotting. If peripheral veins are 
diffi cult to access an intra- osseous infusion (e.g. EZIO) 
is rapid and effective. In the absence of IO equipment, 
the external jugular vein or long saphenous vein 
cut- down are good alternatives (see Section 8.B for 
circulatory procedures). If a skilled operator is avail-
able, an internal jugular vein central line is ideal, once 
an initial rapid infusion has been given, if the patient is 
very severely shocked and likely to need ongoing high 
dependency care, as it can also allow CVP measure-
ments (if available).

 O Give an initial rapid bolus of 10 mL/kg of Ringer- lactate 
or Hartmann’s solution and reassess. Do not use 5% 
glucose or 0.18% saline/4% glucose solutions for 
resuscitation, as these can cause hyponatraemia 
and cerebral oedema. Boluses should be manually 
pushed in using a 20-  to 50- mL syringe (utilising a three- 
way tap and link to an IV giving set).

 O The re- assessment after the first bolus allows the 
clinician to ascertain whether the child has any con-
traindications to large volume resuscitation. Assess for:

 — malnutrition (this should be obvious: see Section 
5.10.B) severe anaemia or cardiac problem. Rapid 
fl uid infusion can be fatal in malnutrition, severe 
anaemia or cardiac problems. Stop the rapid 
infusion and proceed more slowly with reference 
to Sections 5.10.B malnutrition, 5.11.A anaemia 
and 5.4.B heart failure and consider a blood 
transfusion.

 O Further 10 mL/kg boluses with reassessment will usually 
be required if shock continues. In a child with shock 
from severe dehydration caused by diarrhoea, it would 
be very unusual to need more than 30–40 mL/kg to 
improve the child’s circulation. Reconsider the diagnosis. 
For example:

 — surgical abdominal pathology (e.g. intussusception 
or volvulus) (see Section 5.19)

 — additional pathology e.g septicaemia (see Section 
5.5.C)

 — ongoing severe diarrhoea, particularly if there is a 
cholera epidemic.

TABLE 5.12.A.4 Resulting molar concentration of components of 
standard and reduced- osmolarity WHO oral rehydration solutions

ORS Standard osmolarity 
(mEq/litre)

Reduced osmolarity 
(mEq/litre)

Glucose 111 75

Sodium 90 75

Chloride 80 65

Potassium 20 20

Citrate 10 10

Osmolarity 311* mOsm/litre 245 mOsm/litre

* Hyperosmolar with respect to plasma osmolality (normal = 
276–295 mOsm/litre).

If using bicarbonate ORS there are 30 mmol/litre of bicarbonate 
instead of citrate.
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 O Once a total of 40 mL/kg of boluses have been given IV, 
complications such as pulmonary oedema may occur. 
If available, expert help (including CVP monitoring and 
facilities for positive pressure ventilation) is essential. If 
expert help is not available and there is ongoing severe 
diarrhoea, continue with fl uid resuscitation until there is 
some improvement in conscious level.

 O If a blood glucose shows hypoglycaemia (< 2.5 mmol.L) 
or glucose stick test has not been available, give a dose 
of 5 mL/kg of 10% glucose IV to any child who still has 
a depressed conscious level, as hypoglycaemia may 
be contributing to this problem. Increased alertness 
confi rms hypoglycaemia (and see below).

 O Keep the patient warm, but do not overheat them as 
this will cause peripheral vasodilatation and reduce the 
blood supply to vital centres. Hypothermia will exacer-
bate poor peripheral perfusion, acidosis and coagulation 
abnormalities.

 O Elevate the legs (raise the foot of the bed).
 O Give a 10 mL/kg bolus of fresh blood as soon as possible 

if severe anaemia is present, but watch for circulatory 
overload.

 O Consider using broad- spectrum IV antibiotics.
 O Monitor urine output.
 O If the child has a reduced level of consciousness or has 

a convulsion, particularly if they are an infant or young 
child, hypoglycaemia may be present. Always measure 
the blood glucose level in this situation. However, if blood 
glucose measurement is not possible, always treat as 
for presumed hypoglycaemia and, in addition to the IV 
fl uids given above, give 5 mL/kg of 10% glucose IV or, if 
there is no IV access, by intra- osseous needle.

As shock is being treated, reassess the child’s vital signs: 
alertness, pulse, respiratory rate etc. after each bolus and at 
least every 15–30 minutes until signs of shock are improv-
ing. Increased alertness, lower pulse and respiratory rate 
are encouraging signs, but the easiest and most sensitive 
to recognise is the degree of responsiveness.

Children severely dehydrated with 
shock: rehydration phase
The best route for rehydration is the oral or nasogastric 
one, but in children who were sick enough to require rapid 
IV boluses, further IV fl uid is likely to be needed initially.

At this stage, also, there is a need to again consider 
hypoglycaemia (which may have been identifi ed earlier on 
stick testing). See below.

Fluid requirement for replacing in the 
rehydration phase 
Fluid requirement falls into the three categories mentioned 
above:
1 Correction of defi cit

 O Weigh the child again or estimate the weight as above
 O Re- assess the clinical signs of dehydration as shown 

in Table 5.12.A.2 and estimate the percentage of 
dehydration: fl uid defi cit in mL = weight in kg × % 
dehydrated × 10 

 O e.g. a 6 kg child with a 5% dehydration will have 6 × 
5 × 10 = 300 mL defi cit.

2 Replacement of ongoing losses
 O For each diarrhoeal stool: < 2 years of age: give 

50–100 mL or 10 mL/kg and * 2 years of age: give 
100–200 mL 

 O For each vomit: use 2 mL/kg ORS
 O For nasogastric tube aspirates: replace volume for 

volume 
 O e.g. a 6 kg child of 7 months with 5 loose watery 

stools will need another 300 mL as replacement.
3 Maintenance fl uids (see Table 5.12.A.5).

TABLE 5.12.A.5 IV maintenance fl uids

Weight Total fl uid in 24 hours Fluid/ hour

First 10 kg of body 
weight

100 mL/kg 4 mL/kg

Second 10 kg of body 
weight

50 mL/kg 2 mL/kg

Subsequent kg 20 mL/kg 1 mL/kg

The 6 kg child will need 600 mL in 24 hours for maintenance
Total fl uid in 6 kg child with 5 loose watery stools who is 

5% dehydrated is 300 + 300 + 600 mL = 1200 in 24 hours. 
The IV would be set to run at 50 mL/hr. initially. Adjustments 
to the volume will have to be made in the presence of fur-
ther large watery stools or vomits or nasogastric aspirate. 
If available, a check on the plasma electrolytes is very 
useful at least daily to monitor response to treatment and 
to guide further therapy. Clinical observations should be 
done at least hourly and include looking for evidence of 
urine output.

Choice of IV fl uid
As described before, a solution such as Ringers’s lactate 
or Hartman’s solution is preferable to Normal (0.9%) Saline 
as it contains less chloride and contains potassium which 
is vital in diarrhoea treatment. If N saline must be used, add 
10 mmol of potassium chloride to each 500 mL bag once 
urine has been passed. If Ringers’s lactate or Hartman’s 
solution are being used, add 5mmol to each 500 mL bag 
once urine has been passed.

There is an advantage in managing these children with 
a urinary catheter as urine volume measurement is a useful 
guide to fl uid need in the absence of cardiac failure but its 
use must be weighed against the risk of infection. 

There is always a possibility of hypoglycaemia as the 
child is not eating (see below) so for this reason, add glu-
cose to the infusion fl uid. 

To make a 5% solution of dextrose in Ringers’s lactate, 
Hartman’s solution or N saline, remove 50 mL from the 
500 mL bag and replace with 50 mL of 50% dextrose

To make a 10% solution of dextrose in Ringers’s lactate, 
Hartman’s solution or N saline, remove 100 mL from the 
500 mL bag and replace with 100 mL of 50% dextrose.

Start the rehydration fl uid regime, review the child’s 
vital signs at least hourly, including assessing urine output 
and looking for signs of fl uid overload, such as puffy face 
or limbs or increased breathlessness. Also review if there 
is any change reported by the mother. Once the child is 
regaining a degree of responsiveness and has a gag refl ex, 
consider introducing oral or nasogastric (enteral) fl uids to 
replace the IV route.

Re- introduction of enteral fl uid
Re- assess the child’s dehydration status by checking skin 
pinch, level of consciousness, and ability to drink, at least 
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every hour, in order to confi rm that hydration is improving. 
Sunken eyes recover more slowly than other signs, and are 
less useful for monitoring.

As has been mentioned earlier, enteral fl uid is the saf-
est way to rehydrate the child. Enteral rehydration can be 
achieved when:

 O The child is conscious enough to be fed by a nasogastric 
tube without aspiration i.e there is a gag refl ex present 
OR

 O The child is conscious enough to take suffi cient fl uid 
orally
AND

 O The child is not vomiting a signifi cant volume of the fl uid

The enteral rehydration fl uid should be reduced osmolarity 
ORS (or ReSoMal if malnutrition is present). ORS should 
be introduced while the IV infusion is still running and the IV 
fl uid volume reduced accordingly. Allow the child to breast 
feed whenever they want.

Once volumes approaching those required (see WHO 
Plan B in the Appendix to this section) are reached, the IV 
infusion can be discontinued and WHO Plan B rehydration 
continued alone.

All the WHO Plans for rehydration with details on preven-
tion fl uids, home fl uids and advice for parents can be found 
in the Appendix to this section (see below).

Hypoglycaemia in diarrhoea (blood glucose 
< 2.5 mmol/L or < 45 mg/dL)
If the child has a reduced level of consciousness or has a 
convulsion, particularly if they are an infant, hypoglycaemia 
may be present. Always measure the blood glucose level in 
this situation. However, if blood glucose measurement is not 
possible, always treat as for presumed hypoglycaemia. Give 
2–5 mL/kg of 10% glucose IV or, if there is no IV access, 
by intra- osseous needle. If there is no circulatory access, 
while further attempts are made to access the circulation, 
any hypoglycaemia can be temporarily managed as below, 
if there are suffi cient staff.

Sublingual sugar (sucrose) for treatment of 
hypoglycaemia

 O Sublingual sugar may be used as an immediate ‘fi rst- aid’ 
measure for managing hypoglycaemia in an uncon-
scious child in situations where IV administration of 
glucose may be impossible or delayed.

 O Give 1 teaspoonful of sugar, moistened with 1–2 drops 
of water, under the tongue. More frequent repeated 
doses are needed to prevent relapse. Children should be 
monitored for early swallowing, which leads to delayed 
absorption, and in this case another dose of sugar 
should be given. If sublingual sugar is given, repeat 
doses at 20- minute intervals.

 O Recheck the blood glucose concentration in 20 minutes, 
and if the level is low (< 2.5 mmol/litre or < 45 mg/dL) 
repeat the sublingual sugar.

 O Clearly, once an IV or IO access has been established, 
glucose can be given into the circulation if necessary.

Electrolyte disturbances in dehydration from 
diarrhoeal illnesses
Knowledge of the levels of serum electrolytes rarely changes 
the management of children with diarrhoea. Indeed, these 
values are often misinterpreted, leading to inappropriate 

treatment. The disorders described below are usually 
adequately treated by oral rehydration therapy (ORT).

Hypernatraemia
Some children with diarrhoea develop hypernatraemic 
dehydration, especially when given drinks that are hyper-
tonic due to their sugar content (e.g. soft drinks, commercial 
fruit drinks) or salt. These draw water from the child’s tis-
sues and blood into the bowel, causing the concentration 
of sodium in extracellular fl uid to rise. If the solute in the 
drink is not fully absorbed, the water remains in the bowel, 
causing osmotic diarrhoea.

Children with hypernatraemic dehydration (serum Na+ 
> 150 mmol/litre) have thirst that is out of proportion to 
other signs of dehydration. Their most serious problem is 
convulsions, which usually occur when the serum sodium 
concentration exceeds 165 mmol/litre, and especially when 
intravenous therapy is given. Seizures are much less likely 
to occur when hypernatraemia is treated with ORS, which 
usually causes the serum Na+ concentration to become 
normal within 24 hours.

It is absolutely essential that intravenous rehydration 
does not lower the serum Na+ too rapidly. Intravenous glu-
cose solutions (5% glucose or 0.18% saline/4% glucose) are 
particularly dangerous and can result in cerebral oedema, 
which is usually fatal or permanently disabling.

Hyponatraemia
Children with diarrhoea who drink mostly water, or watery 
drinks that contain little salt, may develop hyponatraemia 
(serum Na+ < 130 mmol/litre). Hyponatraemia is especially 
common in children with shigellosis and in severely malnour-
ished children with oedema. It is occasionally associated 
with lethargy and (less often) with seizures. ORS is safe and 
effective therapy for nearly all children with hyponatraemia. 
An exception is children with oedema, for whom ORS may 
provide too much sodium. ReSoMal (see Section 5.10.B) 
may be helpful here.

Hypokalaemia
Inadequate replacement of potassium losses during diar-
rhoea can lead to potassium depletion and hypokalaemia 
(serum K+ < 3 mmol/litre), especially in children with mal-
nutrition. This can cause muscle weakness, paralytic 
ileus, impaired kidney function and cardiac arrhythmias. 
Hypokalaemia is worsened when base (bicarbonate or 
lactate) is given to treat acidosis without simultaneously 
providing potassium. Hypokalaemia can be prevented, and 
the potassium defi cit corrected, by using ORS for rehydra-
tion therapy and by giving foods rich in potassium during 
diarrhoea and after it has stopped (e.g. bananas, coconut 
water, dark green leafy vegetables).

It is also essential to check blood potassium levels, 
especially if the child has not passed urine, prior to replacing 
potassium IV, in order to avoid complications of hyperkalae-
mia secondary to pre- renal failure. 

If it is necessary to give potassium intravenously (e.g. 
if serum K+ is < 2.0 mmol/litre or there are ECG signs of 
hypokalaemia, namely ST depression, T- wave reduction 
and prominent U waves), great care must be taken. In acute 
depletion, an infusion at the rate of 0.2 mmol/kg/hour can 
be used and the serum K+ level checked after 3 hours. 
The potassium for injection must be diluted before use 
and thoroughly mixed before being given. The maximum 
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concentration of potassium that can be given through a 
peripheral vein is 40 mmol/litre. The maximum infusion 
rate of potassium is 0.5 mmol/kg/hour. The recom-
mended concentration is 20 mmol/litre.

Note: The injectable form of KCl usually contains 
1.5 grams (i.e. 20 mmol of potassium in 10 mL), and 
can be given orally. The daily potassium requirement is 
2.5–3.5 mmol/kg.

Supportive treatments
Dietary therapy
During diarrhoea, a decrease in food intake, lack of nutrient 
absorption and increased nutrient requirements combine 
to cause weight loss and failure to grow. In turn, malnutri-
tion can make the diarrhoea more severe, more prolonged 
and more frequent, compared with diarrhoea in non- 
malnourished children. Therefore give nutrient- rich foods 
during the diarrhoea and when the child is recovering.

 O Breastfed infants: continue feeding on demand.
 O Bottle- fed infants: administer full- strength formulas 

immediately after rehydration (no longer than 4 hours). 
Lactose intolerance may develop and cause an exac-
erbation of diarrhoea with a lactose- containing formula. 
If this happens, temporarily reduce or remove lactose 
from the diet.

 O Older children: continue their usual diet during diar-
rhoea. Recommended foods include starches, cereals, 
yoghurt, fruits and vegetables. Foods high in simple 
sugars and fats should be avoided. Excess fl uid losses 
via vomiting or diarrhoea must be replaced with ORS 
(see above).

Zinc treatment
Zinc is an important micronutrient which is lost in diarrhoeal 
illnesses. Replacement speeds recovery and reduces 
severity as well as reducing the frequency of diarrhoeal 
illnesses in the ensuing 2 to 3 months.

Dose under 6 months of age 10 mg (½ tablet) daily for 
10–14 days; dose over 6 months of age 20 mg (1 tablet) 
daily for 10–14 days.

Drug therapy: use of antimicrobial and ‘anti- 
diarrhoeal’ drugs
Antimicrobial drugs should not be used routinely. This 
is because, except as noted below, it is not possible to 
distinguish clinically episodes that might respond, such as 
diarrhoea caused by enterotoxigenic E. coli, from those 
caused by agents unresponsive to antimicrobials, such as 
rotavirus or Cryptosporidium. Moreover, even for potentially 
responsive infections, selecting an effective antimicrobial 
drug requires knowledge of the likely sensitivity of the causa-
tive agent, and such information is usually unavailable. In 
addition, use of antimicrobials adds to the cost of treatment, 
risks adverse reactions and enhances the development of 
resistant bacteria. 

Antimicrobial drugs are reliably helpful only for 
children with bloody diarrhoea (probable shigellosis), 
suspected cholera with severe dehydra tion, and serious 
non- intestinal bacterial infections such as pneumonia. 
Antiprotozoal drugs are rarely indicated except as 
described below when a defi nite diagnosis is available.

Antimicrobial drugs for acute diarrhoea
Neonates
Diarrhoea and vomiting may be a symptom of septicae-
mia. If septicaemia is suspected, parenteral antibiotics are 
required (see Section 3.4).

Bloody diarrhoea
 O Bacterial causes: Campylobacter jejuni, Shigella son-

nei, Shigella fl exneri and Shigella dysenteriae, and less 
commonly Salmonella, E. coli 0157:117 and Aeromonas.

 O May be accompanied by abdominal pain and rectal 
prolapse.

 O As culture facilities may not be available, sick toxic 
children with bloody diarrhoea should be treated for 
shigella dysentery. 

 O Children with diarrhoea and blood in stool (dysentery) 
should be treated with ciprofl oxacin as fi rst- line treat-
ment and ceftriaxone as second- line treatment if they 
are severely ill and local antimicrobial sensitivity is not 
known. Where local antimicrobial sensitivity is known, 
local guidelines should be followed:

 — ciprofl oxacin: 20 mg/kg/dose twice daily for 5 days
 — ceftriaxone: 80 mg/kg IV or IM once daily for 5 days.

 O Mild infections due to Shigella sonnei are usually 
self- limiting. Shigella in resource- limited countries is 
commonly resistant to co- trimoxazole and ampicillin. 
Nalidixic acid, ciprofl oxacin, ceftriaxone or the antibiotic 
of choice for the area should be used for a 5- day course. 

 O In infants and young children, exclude surgical causes 
(e.g. intussusception) (see Section 5.19).

Salmonella
If non- typhoidal Salmonella is suspected in infants under 
1 year of age or in immunocompromised children, blood 
cultures should be undertaken. If these are positive or the 
infant is toxic, an appropriate parenteral antibiotic should be 
given (e.g. chloramphenicol, ceftriaxone or ciprofl oxacin) for 
7–10 days. Be alert for pneumonia or metastatic abscesses 
in bone, brain or elsewhere. Otherwise Salmonella gastro-
enteritis is not treated with antibiotics.

Systemic Salmonella infection is common in 
malnutrition, HIV infection, sickle- cell disease and 
schistosomiasis.

Campylobacter jejuni (and also Shigella and Salmonella) 
may cause severe abdominal pain, mimicking a surgical 
emergency. Otherwise the disease is self- limiting and does 
not require antibiotics. If treatment is considered appropri-
ate, erythromycin (12.5 mg/kg four times daily) for 5 days 
is the antibiotic of choice.

Other causes of diarrhoea that warrant 
antimicrobial treatment

 O Amoebic dysentery: this is diagnosed by microscopy 
of fresh warm stool. Treatment is with metronidazole 
10 mg/kg three times daily (maximum dose 2 grams) 
for 5–7 days.

 O Cholera: this is usually only diagnosed during epidem-
ics. If the child has severe watery diarrhoea, suspect 
cholera or enterotoxigenic E. coli (only diagnosed by 
specialist laboratories). Treatment for cholera is with 
tetracycline 12.5 mg/kg four times a day for 3 days in 
children aged over 8 years. The alternative for young chil-
dren is chloramphenicol 25 mg/kg 8- hourly for 3 days. In 
addition to rehydration, give an antibiotic to which local 
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strains of Vibrio cholerae are sensitive. These include 
tetracycline, doxycycline, co- trimoxazole, erythromycin 
and chloramphenicol.

 O Giardiasis: this is diagnosed by microscopy of stool, and 
is usually self- limiting or asymptomatic. If symptomatic 
in a malnourished child or the disease is prolonged, it 
is justifi ed to treat with metronidazole for 5 days (as 
for amoebic dysentery). Tinidazole is an alternative 
(50–75 mg/kg once only (maximum dose 2 grams), a 
second dose may be given if necessary).

 O Clostridium diffi cile usually occurs after a course of 
antibiotics for some other illness, and is associated with 
antibiotic- associated pseudomembranous colitis (there 
is a danger of bowel perforation). Antibiotics, especially 
clindamycin, may alter the fl ora of the gastrointestinal 
tract and allow overgrowth of C. diffi cile. The latter pro-
duces a toxin which causes damage to the gut mucosa, 
resulting in pseudomembranous colitis. Confi rmation is 
by culture of C. diffi cile in the faeces. Treatment is with 
oral vancomycin for 7–10 days, which clears C. diffi cile 
from the gut. The doses are orally: 

 — Child 1 month–5 years: 5 mg/kg 4 times daily for 
10–14 days (increased up to 10 mg/kg 4 times daily 
if infection fails to respond or is life threatening)

 — Child 5–12 years: 62.5 mg 4 times daily for 
10–14 days (increased up to 250 mg 4 times daily if 
infection fails to respond or is life threatening)

 — Child 12–18 years: 125 mg 4 times daily for 
10–14 days (increased up to 500 mg 4 times daily if 
infection fails to respond or is life threatening).

Symptomatic drugs
‘Antidiarrhoeal’ drugs and anti- emetics have no prac-
tical benefits for children with acute or persistent 
diarrhoea. They do not prevent dehydration or improve 
nutritional status, which should be the main objectives 
of treatment. Some, like loperamide, have dangerous and 
sometimes fatal side effects. These drugs should never be 
given to children under 5 years of age.

Treatment of rectal prolapse
Gently push back any tissue that has come out of the anus 
using a surgical glove or wet cloth, or if it is oedematous 
and cannot be reduced, warm compresses of magnesium 
sulphate may reduce the oedema.

Haemolytic–uraemic syndrome
If laboratory tests are not available, suspect this syndrome 
when purpura, pallor, altered level of consciousness and 
low or absent urine output are present. If laboratory tests 
are available, blood smear shows fragmented red cells and 
decreased or absent platelets. There will be an increase in 
blood urea and creatinine levels (see Section 5.6.A).

Appendix
WHO Treatment Plan A: home therapy to 
prevent dehydration and malnutrition
Children with no signs of dehydration need extra fl uids and 
salt to replace their losses of water and electrolytes due 
to diarrhoea. If these are not given, signs of dehydration 
may develop.

Mothers should be taught how to prevent dehydration 
at home by giving the child more fl uid than usual, how to 

prevent malnutrition by continuing to feed the child, and why 
these actions are important. They should also know what 
signs indicate that the child should be taken to a health 
worker. These steps are summarised in the four rules of 
Treatment Plan A.

Rule 1: Give the child more fl uids than usual, 
to prevent dehydration
What fl uids to give
Many countries have designated recommended home 
fl uids. Wherever possible, these should include at least 
one fl uid that normally contains salt (see below). Plain 
clean water should also be given. Other fl uids should be 
recommended that are frequently given to children in the 
area, that mothers consider acceptable for children with 
diarrhoea, and that mothers would be likely to give in 
increased amounts when advised to do so.

Suitable fl uids
Most fl uids that a child normally takes can be used. It is 
helpful to divide suitable fl uids into two groups:

Fluids that normally contain salt, such as:
 O ORS solution
 O salted drinks (e.g. salted rice water or a salted yoghurt 

drink)
 O vegetable or chicken soup with salt.

Insert

Teaching mothers to add salt (about 3 g/L) to an unsalted 
drink or soup during diarrhoea is also possible, but requires 
a sustained educational effort.

A home made solution containg 3 g/L of table salt (one 
level teaspoon) and 18g/l of common sugar (sucrose) is 
effective but is not generally recommended because the 
recipe is often forgotten, the ingredients may not be avail-
able or too little may be given.

Fluids that do not contain salt, such as:
 O plain water
 O water in which a cereal has been cooked (e.g. unsalted 

rice water)
 O unsalted soup
 O yoghurt drinks without salt
 O green coconut water
 O weak tea (unsweetened)
 O unsweetened fresh fruit juice.

Unsuitable fl uids
A few fluids are potentially dangerous and should be 
avoided during diarrhoea. Especially important are drinks 
sweetened with sugar, which can cause osmotic diarrhoea 
and hypernatraemia. Some examples are:

 O commercial carbonated beverages
 O commercial fruit juices 
 O sweetened tea. 

Other fl uids to avoid are those with stimulant, diuretic or 
purgative effects, for example

 O coffee
 O some medicinal teas or infusions.

How much fl uid to give
The general rule is: give as much fl uid as the child or adult 
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wants until the diarrhoea stops. As a guide, after each 
loose stool, give:

 O children under 2 years of age: 50–100 mL (a quarter to 
half a large cup) of fl uid

 O children aged 2 up to 10 years: 100–200 mL (a half to 
one large cup)

 O older children and adults: as much fl uid as they want.
Insert

Rule 2: Give supplemental zinc (10–20 mg) to 
the child every day for 10 to 14 days
Zinc can be given as a syrup or as dispersible tablets, 
whichever formulation is available and affordable. By giving 
zinc as soon as diarrhoea starts, the duration and severity of 
the episode as well as the risk of hydration will be reduced. 
By continuing zinc supplementation for 10–14 days, the 
zinc lost during diarrhoea is fully replaced and the risk of 
the child having new episodes of diarrhoea in the following 
2 to 3 months is reduced. 

Rule 3: Continue to feed the child, to prevent 
malnutrition
The infant’s usual diet should be continued during diar-
rhoea and increased afterwards. Food should never be 
withheld, and the child’s usual foods should not be diluted. 
Breastfeeding should always be continued. The aim is to 
give as much nutrient- rich food as the child will accept. 
Most children with watery diarrhoea regain their appetite 
after dehydration is corrected, whereas those with bloody 
diarrhoea often eat poorly until the illness resolves. These 
children should be encouraged to resume normal feeding 
as soon as possible.

When food is given, sufficient nutrients are usually 
absorbed to support continued growth and weight gain. 
Continued feeding also speeds the recovery of normal 
intestinal function, including the ability to digest and 
absorb various nutrients. In contrast, children whose food 
is restricted or diluted lose weight, have diarrhoea of longer 
duration, and recover intestinal function more slowly.

What foods to give
This depends on the child’s age, food preferences and pre- 
illness feeding pattern; cultural practices are also important. 
In general, foods suitable for a child with diarrhoea are the 
same as those required by healthy children. Specifi c recom-
mendations are given below.

Milk
 O Infants of any age who are breastfed should be allowed 

to breastfeed as often and as long as they want. Infants 
will often breastfeed more than usual; this should be 
encouraged.

 O Infants who are not breastfed should be given their usual 
milk feed (or formula) at least every three hours, if pos-
sible by cup. Special commercial formulas advertised for 
use in diarrhoea are expensive and unnecessary; they 
should not be given routinely. Clinically signifi cant milk 
intolerance is rarely a problem.

 O Infants below six months of age who take breast milk 
and other foods should receive increased breastfeed-
ing. As the child recovers and the supply of breast milk 
increases, other foods should be decreased (if fl uids 
other than breastmilk are given, use a cup, not a bottle). 

This usually takes about 1 week. If possible, infants of 
this age should become exclusively breastfed.

There is no value in routinely testing the stools of infants for 
pH or reducing substances. Such tests are oversensitive, 
often indicating impaired absorption of lactose when it is 
not clinically important. It is more important to monitor the 
child’s clinical response (i.e. weight gain, general impro-
vement). Milk intolerance is only clinically important when 
milk feeding causes a prompt increase in stool volume and 
a return or worsening of the signs of dehydration, often 
with loss of weight.

Other foods
If the child is at least 6 months old or is already taking soft 
foods, he or she should be given cereals, vegetables and 
other foods, in addition to milk. If the child is over 6 months 
old and such foods are not yet being given, they should 
be started during the diarrhoea episode or soon after 
it stops.

Recommended foods should be culturally acceptable, 
readily available, have a high content of energy and provide 
adequate amounts of essential micronutrients. They should 
be well cooked, and mashed or ground to make them easy 
to digest; fermented foods are also easy to digest. Milk 
should be mixed with a cereal. If possible, 5–10 mL of veg-
etable oil should be added to each serving of cereal. (Most 
staple foods do not provide enough calories per unit weight 
for infants and young children. This is improved by adding 
some vegetable oil.) Meat, fi sh or egg should be given, if 
available. Foods rich in potassium, such as bananas, green 
coconut water and fresh fruit juice, are benefi cial.

How much food and how often
Offer the child food every three or four hours (six times a 
day). Frequent small feedings are tolerated better than less 
frequent large ones.

After the diarrhoea stops, continue giving the same 
energy- rich foods and provide one more meal than usual 
each day for at least 2 weeks. If the child is malnourished, 
extra meals should be given until the child has regained 
normal weight for height.

Rule 4: Take the child to a healthcare worker 
if there are signs of dehydration or other 
problems
The mother should take her child to a healthcare worker 
if the child:

 O starts to pass many watery stools
 O has repeated vomiting
 O becomes very thirsty
 O is eating or drinking poorly
 O develops a fever
 O has blood in the stool
 O does not get better in 3 days.

WHO Treatment Plan B: oral rehydration 
therapy for children with some dehydration
Children with some dehydration should receive oral rehydra-
tion therapy with ORS in a healthcare facility following the 
treatment plan described below.

Children with some dehydration should also receive zinc 
supplementation as described above.
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How much ORS is needed?
Use Table 5.12.A.6 to estimate the amount of ORS needed 
for rehydration. If the child’s weight is known, this should 
be used to determine the approximate amount of solution 
needed. The amount may also be estimated by multiply-
ing the child’s weight in kg by 75 mL. If the child’s weight 
is not known, select the approximate amount according 
to the child’s age.

The exact amount of solution required will depend on 
the child’s dehydration status. Children with more marked 
signs of dehydration, or who continue to pass frequent 
watery stools, will require more solution than those with less 
marked signs or who are not passing frequent stools. If the 
child wants more than the estimated amount of ORS, and 
there are no signs of over- hydration, give more.

Oedematous (puffy) eyelids are a sign of over- hydration. 
They may be a sign of chronic malnutrition. If this occurs, 
stop giving ORS, but give breast milk or plain water, and food. 
Do not give a diuretic. When the oedema has gone, resume 
giving ORS or home fl uids according to Treatment Plan A.

How to give ORS
A family member should be taught to prepare and give 
ORS. The solution should be given to infants and young 
children using a clean spoon or cup. Feeding bottles should 
not be used. For babies, a dropper or syringe (without the 
needle) can be used to put small amounts of solution into 
the mouth.

Children under 2 years of age should be offered a tea-
spoonful every 1 to 2 minutes. Older children (and adults) 
may take frequent sips directly from the cup.

Vomiting often occurs during the fi rst hour or two of 
treatment, especially when children drink the solution too 
quickly, but this rarely prevents successful oral rehydration, 
as most of the fl uid is absorbed. After this time vomiting 
usually stops. If the child vomits, wait 5–10 minutes and 
then start giving ORS again, but more slowly (e.g. a spoonful 
every 2–3 minutes).

Monitoring the progress of oral rehydration 
therapy
Check the child from time to time during rehydration to 
ensure that ORS is being taken satisfactorily and that 
signs of dehydration are not worsening. If at any time the 
child develops signs of severe dehydration, switch to WHO 
Treatment Plan C.

After 4 hours, reassess the child fully, following the 
guidelines in Table 5.12.A.2. Then decide what treatment 
to give next:

 O If signs of severe dehydration have appeared, intrave-
nous (IV) therapy should be started following Treatment 
Plan C. This is very unusual, however, occurring only in 
children who drink ORS poorly and pass large watery 
stools frequently during the rehydration period.

 O If the child still has signs indicating some dehydration, 
continue oral rehydration therapy by repeating Treatment 
Plan B. At the same time start to offer food, milk and 

other fl uids, as described in Treatment Plan A (see 
above), and continue to reassess the child frequently.

If there are no signs of dehydration, the child should be 
considered fully rehydrated. When rehydration is complete:

 O the skin pinch is normal
 O thirst has subsided
 O urine is passed
 O the child becomes quiet, is no longer irritable and often 

falls asleep.

Teach the mother how to treat her child at home with ORS 
and food following Treatment Plan A. Give the mother 
enough ORS sachets for 2 days. Also teach her the signs 
that mean she should bring her child back.

 O Use the patient’s age only when you do not know their 
weight. The approximate amount of ORS required (in 
mL) can also be calculated by multiplying the patient’s 
weight in kg by 75.

 O If the patient wants more ORS than is shown above, 
give more.

 O Encourage the mother to continue breastfeeding her 
child.

 O For infants under 6 months who are not breast fed, if 
using the old WHO ORS solution containing 90 mmol/L 
of sodium also give 100–200 mL clean water during this 
period. However, if using the new reduced (low) osmolal-
ity ORS solution containing 75 mmol/L of sodium, this 
is not necessary.

Note: During the initial stages of therapy, while still dehy-
drated, adults can consume up to 750 mL per hour, if 
necessary, and children up to 20 mL/kg body weight/hour.

Meeting normal fl uid needs
While treatment to replace the existing water and electrolyte 
defi cit is in progress, the child’s normal daily fl uid require-
ments must also be met. This can be done as follows:

 O Breastfed infants: continue to breastfeed as often 
and for as long as the infant wants, even during oral 
rehydration.

 O Non- breastfed infants under 6 months of age: if using 
the old WHO ORS solution containing 90 mmol/L of 
sodium also give 100–200 mLs clean water during this 
period. However, if using the new reduced (low) osmolal-
ity ORS solution containing 75 mmol/L of sodium, this 
is not necessary.

 O Older children: throughout rehydration and mainte-
nance therapy, offer as much plain boiled water to drink 
as they wish, in addition to ORS.

If oral rehydration therapy must be 
interrupted
If the mother and child must leave hospital before rehydra-
tion with ORS is completed:

 O Show the mother how much ORS solution to give to 
fi nish the 4- hour treatment at home.

TABLE 5.12.A.6 Guidelines for treating children with some dehydration: approximate amount of ORS to give in the fi rst 4 hours

Age < 4 months 4–11 months 12–23 months 2–4 years 5–14 years 15 years or older

Weight (kg) < 5 5–7.9 8–10.9 11–15.9 16–29.9 30 kg or more

Volume (mL) 200–400 400–600 600–800 800–1200 1200–2200 2200–4000
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 O Give her enough ORS packets to complete the 4- hour 
treatment and to continue oral rehydration for two more 
days, as shown in Treatment Plan A.

 O Show her how to prepare ORS solution.
 O Teach her the four rules in Treatment Plan A for treating 

her child at home.

When oral rehydration fails
With the previous ORS, signs of dehydration would persist 
or reappear in about 5% of children. With the new reduced 
(low) osmolality ORS it is estimated that such treatment 
‘failures’ will be reduced to 3% or less. The usual causes 
for these ‘failures’ are:

 O continuing rapid stool loss (more than 15–20 mL/kg/
hour), as occurs in some children with cholera

 O insuffi cient intake of ORS due to fatigue or lethargy
 O frequent severe vomiting.

Such children should be given ORS by nasogastric (NG) 
tube or Ringer Lactate Solution intravenously (IV) (75 mLs/
kg in four hours) usually in hospital. After confi rming that the 
signs of dehydration have improved, it is usually possible 
to resume ORT successfully. 

Rarely, oral rehydration therapy should not be given. 
This is true for children with:

 O abdominal distension with paralytic ileus, usually 
caused by opiate drugs (e.g. codeine, loperamide) and 
hypokalaemia

 O glucose malabsorption (indicated by a marked increase 
in stool output, failure of the signs of dehydration to 
improve, and a large amount of glucose in the stool).

In these situations, rehydration should be given IV until 
the diarrhoea subsides; nasogastric therapy should not 
be used.

Giving zinc
Begin to give supplemental zinc, as in Treatment plan A, 
as soon as the child is able to eat, following the four hour 
rehydration period.

Giving food
Except for breast milk, food should not be given during the 
initial 4- hour rehydration period. However, children who 
are continued on Treatment Plan B for longer than 4 hours 
should be given some food every 3–4 hours as described 
in Treatment Plan A. All children older than 6 months of age 
should be given some food before being sent home. This 
helps to emphasise to mothers the importance of continued 
feeding during diarrhoea.

WHO Treatment Plan C: intravenous 
rehydration therapy for patients with severe 
dehydration
The preferred treatment for children with severe dehydration 
is initial rapid intravenous rehydration following Treatment 
Plan C. If possible, the child should be admitted to hospital. 
Guidelines for IV rehydration are given in Table 5.12.A.7.

Children who can drink, even poorly, should be given 
ORS by mouth until the IV drip is running. In addition, all 
children should receive some ORS solution (about 5 mL/kg/
hr) when they can drink without diffi culty, which is usually 
within 3–4 hours for infants and 1–2 hours for older patients. 

This provides additional base and potassium which may 
not be adequately supplied by the IV fl uid.

Monitoring the progress of intravenous rehydration
Patients should be reassessed every 15–30 minutes until 
a strong radial pulse is present. If it is not, the intravenous 
drip should be given more rapidly.

When the planned amount of intravenous fl uid has 
been given (after 3 hours for older patients, or 6 hours for 
infants), the child’s hydration status should be reassessed 
fully as in Table 5.12.A.2.

Look and feel for all the signs of dehydration
 O If signs of severe dehydration are still present, repeat 

the intravenous fl uid infusion as outlined in Treatment 
Plan C. This is very unusual, however, occurring only in 
children who pass large watery stools frequently during 
the rehydration period.

 O If the child is improving (able to drink) but still shows 
signs of some dehydration, discontinue the intrave-
nous infusion and give ORS for 4 hours, as specifi ed in 
Treatment Plan B.

 O If there are no signs of dehydration, follow Treatment 
Plan A. If possible, observe the child for at least six 
hours before discharge while the mother gives the child 
ORS, to confi rm that she is able to maintain the child’s 
hydration. Remember that the child will require therapy 
with ORS until the diarrhoea stops.

If the child cannot remain at the treatment centre, teach the 
mother how to give treatment at home following Treatment 
Plan A, give her enough ORS packets for two days and 
teach her the signs that mean she should bring her child 
back.

What to do if intravenous therapy is not available
 O If IV therapy is not available at the facility, but can be 

given nearby (i.e. within 30 minutes), send the child 
immediately for intravenous treatment. If the child can 
drink, give the mother some ORS and show her how to 
give it to her child during the journey.

 O If IV therapy is not available nearby, healthcare workers 
who have been trained can give ORS by NG tube, at a 
rate of 20 mL/kg body weight per hour for 6 hours (total 
of 120 mL/kg body weight). If the abdomen becomes 

TABLE 5.12.A.7 Guidelines for intravenous treatment of children 
with severe dehydration

Start IV fl uids immediately. If the patient can drink give ORS 
by mouth until the drip is set up. Give 100 mLs/kg of Ringers 
Lactate Solutiona divided as follows

Age First give 
30 mL/kg in:

Then give 
70 mL/kg in:

Infants under 12 months 1 hour b 5 hours

Older 30 minutesb Over 2.5 hours

Reassess the patient every 1–2 hours. If hydration is not 
improving, give the IV drip more rapidly. After six hours (infants) 
or three hours (older patients), evaluate the patient using the 
assessment chart. Then choose the appropriate Treatment Plan 
(A, B or C) to continue treatment

a.  If Ringers Lactate Solution is not available, normal saline may 
be used

b.  Repeat once if radial pulse is still very weak or not detectable



556

International Maternal & Child Health Care

swollen, ORS should be given more slowly until the 
abdomen becomes less distended.

 O If NG treatment is not possible but the child can drink, 
ORS should be given by mouth at a rate of 20 mL/kg 
body weight per hour for 6 hours (total of 120 mL/kg 
body weight). If this rate is too fast, the child may vomit 
repeatedly. In this case, give ORS more slowly until the 
vomiting subsides.

 O Children receiving NG or oral therapy should be reas-
sessed at least every hour. If the signs of dehydration 
do not improve after 3 hours, the child must be taken 
immediately to the nearest facility where intravenous 
therapy is available. Otherwise, if rehydration is progress-
ing satisfactorily, the child should be reassessed after 

6 hours and a decision on further treatment made as 
described above for those given IV therapy.

 O If neither NG nor oral therapy is possible, the child should 
be taken immediately to the nearest facility where IV or 
NG therapy is available.

Further reading
World Health Organization (2005) The Treatment of 

Diarrhoea: a manual for physicians and other senior health 
workers, 4th revision. http://whqlibdoc.who.int/publica-
tions/2005/9241593180.pdf 

World Health Organization and UNICEF (2013) Ending 
Preventable Child Deaths from Pneumonia and Diarrhoea 
by 2025: the integrated Global Action Plan for Pneumonia 
and Diarrhoea (GAPPD). http://apps.who.int/iris/bitstr
eam/10665/79200/1/9789241505239_eng.pdf 

5.12.B Post- infectious prolonged or persistent diarrhoea

BOX 5.12.B.1 Minimum standards
 Q Low- osmolality ORS and ReSoMal in severely malnour-

ished children.
 Q Ringer- lactate or Hartmann’s solution with potassium: 

oral and IV.
 Q Antibiotics: amoxicillin, gentamicin. 
 Q Vitamin A and zinc. 
 Q Electrolyte and mineral mix.
 Q Folic acid.

Introduction
Epidemiology

 O Diarrhoeal episodes that start acutely and last for 
7–14 days are usually labelled as prolonged diarrhoea, 
and may be associated with greater morbidity and more 
severe nutritional consequences.

 O Persistent diarrhoea is commonly defi ned as diarrhoea 
that starts acutely, but lasts for more than 14 days and 
is associated with growth faltering.

 O Most cases are thus post- infectious in origin, and other 
disorders such as inflammatory bowel disease and 
coeliac disease are therefore excluded.

 O Around 4–20% of all episodes of diarrhoea in resource- 
limited countries become prolonged, with associated 
case- fatality rates that may exceed 50% in severe cases.

 O In parts of sub- Saharan Africa, the association of per-
sistent diarrhoea with HIV infection is often the terminal 
event.

Risk factors for prolonged and persistent 
diarrhoea
Appropriate case management of acute diarrhoea is key 
to the prevention of prolonged episodes.

Specific pathogens: although some studies have 
identifi ed an association between persistent diarrhoea 
and infections with organisms such as entero- aggregative 
E. coli or Cryptosporidium, this is by no means pathog-
nomonic, nor is there a particular pattern of small bowel 
microbial colonisation or overgrowth seen in most cases. 
In HIV- endemic parts of Africa an association of persistent 
diarrhoea with cryptosporidiosis is well recognised, but may 

represent a manifestation of immunodefi ciency. Evidence 
from Bangladesh does suggest that recurrent bouts of 
infection with bacterial pathogens such as Shigella lead 
to prolongation of the duration of successive diarrhoeal 
episodes, and thus there is a link between prolonged and 
persistent diarrhoea as an epidemiological continuum.

Malnutrition: persistent diarrhoea is commonly seen in 
association with signifi cant malnutrition, and the relationship 
may be bidirectional. It is widely recognised that diarrhoeal 
episodes, especially if invasive, may become prolonged in 
malnourished children. The recent evidence of micronutrient 
defi ciencies, especially of zinc and vitamin A in malnour-
ished children with persistent diarrhoea, may indicate 
impaired immunological mechanisms for clearing infections, 
as well as ineffective mucosal repair mechanisms.

Dietary risk factors: although many children with 
persistent diarrhoea are lactose- intolerant, there is no role 
of specifi c dietary allergies in inducing and perpetuating 
enteropathy of malnutrition or post- infectious prolonged 
diarrhoea. Several studies have highlighted the high risk of 
prolonged diarrhoea with lactation failure and early introduc-
tion of artifi cial feeds in resource- limited countries. 

Inappropriate management of acute diarrhoea: 
the association of prolongation of diarrhoea with food 
deprivation and inappropriately prolonged administration 
of parenteral fl uids is well recognised. Unnecessary food 
withdrawal, and replacement of luminal nutrients, espe-
cially breast milk, with non- nutritive agents is prolonging 
the mucosal injury after diarrhoea. In particular, blanket 
administration of antibiotics and any administration of anti- 
motility agents must be avoided. Optimal management of 
acute diarrhoea episodes with ORS, zinc and appropriate 
diets is a key factor in reducing the risk of recurrence and 
prolongation of diarrhoeal episodes. 

Principles of management of persistent 
diarrhoea
In general, the management of persistent diarrhoea in 
malnourished children (see Figure 5.12.B.1) represents a 
blend of the principles of management of acute diarrhoea 
and malnutrition (see Section 5.12.A and Section 5.10.B). 
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Associated malnutrition may be quite severe in affected 
children, necessitating appropriate and rapid nutritional 
rehabilitation, sometimes in hospital. Given the chronicity 
of the disorder, prolonged hospitalisation may be quite 
problematic in resource- limited countries, and whenever 
possible the importance of ambulatory or home- based 
therapy must be emphasised.

The following represent the basic principles of manage-
ment of persistent diarrhoea, and a suggested therapeutic 
approach is shown in Figure 5.12.B.1.

Rapid resuscitation and stabilisation
 O Most children with persistent diarrhoea and associated 

malnutrition are not severely dehydrated, and oral rehy-
dration is adequate.

 O However, acute exacerbations and associated vomiting 
may require brief periods of intravenous rehydration with 
Ringer- lactate solution.

 O Acute electrolyte imbalance such as hypokalaemia 
and severe acidosis may require correction (see 
Section 5.6.A).

 O Associated systemic infections (bacteraemia, pneumo-
nia and urinary tract infections) are well recognised in 
severely malnourished children with persistent diarrhoea, 
and are a frequent cause of early mortality. These must 
be screened for at admission. In severely ill children 
requiring hospitalisation, it may be best to cover with 

intravenous antibiotics at admission (usually ampicillin, IV 
25 mg/kg three times daily up to a maximum of 4 grams/
day, and gentamicin, IV 7.5 mg/kg once daily) while 
awaiting cultures. In other instances with suspected 
severe pneumonia, oral amoxicillin will suffi ce. 

 O It should be emphasised that there is little role for oral 
antibiotics in persistent diarrhoea, as in most cases 
the original bacterial infection that triggered the pro-
longed diarrhoea has disappeared by the time the child 
presents.

Oral rehydration therapy
This is the preferred mode of rehydration and replace-
ment of ongoing losses. Although in general the standard 
low- osmolality WHO oral rehydration solution (containing 
75 mmol/litre of Na+) is adequate, some evidence indicates 
that the hypo- osmolar rehydration fl uid ReSoMal (containing 
45 mmol/litre of Na+) as well as cereal- based oral rehydration 
fl uids may be advantageous in severely malnourished chil-
dren. In general, replacing each stool with about 50–100 mL 
of ORS or ReSoMal is safe.

Enteral feeding and diet selection
 O Most children with persistent diarrhoea are not lac-

tose intolerant, although administration of a lactose 
load exceeding 5 grams/kg/day is associated with 
higher rates of stooling and treatment failure. In general, 

Persistent diarrhoea

(diarrhoea >14 days with growth slowing)

Assessment, resuscitation and stabilisation

Oral rehydration

Treat electrolyte imbalance

Screen and treat associated secondary infections

Continued breastfeeding

Milk or yoghurt/cereal (usually rice) diet

Supplement with zinc and vitamin A

RECOVERY

FAILURE 
TO RECOVER

Sustained feeding
 at home

Follow-up growth
 monitoring 

 

Continued diarrhoea and 
poor weight gain

Comminuted chicken 
diet or elemental feed

Continued diarrhoea and 
poor weight gain

Re-investigate to exclude
intractable diarrhoea of 

infancy
IV feeding/fluids as a last

resort

FIGURE 5.12.B.1 Management of persistent diarrhoea in malnourished children.
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therefore, withdrawal of milk and replacement with 
specialised (and expensive) lactose- free formulations 
is unnecessary.

 O Alternative strategies for reducing the lactose load in 
malnourished children with persistent diarrhoea include 
reducing the overall amount of milk intake, addition of 
lactose- free milk to cereals, and replacement of milk with 
fermented milk products such as yoghurt. These meas-
ures have now been extensively evaluated in successive 
studies of the management of persistent diarrhoea in 
South Asia, and found to be extremely effective.

 O It is rare to fi nd persistent diarrhoea in breastfed infants, 
and it must be emphasised that breastfeeding must 
not be stopped under any circumstances.

 O Rarely, when dietary intolerance precludes the adminis-
tration of cow’s- milk- based formulations or milk, it may 
be necessary to administer specialised milk- free diets 
such as a comminuted or blenderised chicken- based 
diet or an elemental formulation. However, the latter 
may be almost unaffordable in most resource- limited 
countries. A choice of enteral diets and formulations is 
given in Table 5.12.B.2. It must be emphasised that this 

is extremely rare, and most infants will recover with the 
approach outlined above. 

 O The usual energy density of any diet used for the therapy 
of persistent diarrhoea should be around 1 kcal/gram, 
aiming to provide an energy intake of at least 110 kcal/
kg/day and a protein intake of 2–3 grams/kg/day (in 
meals given six times daily). Nasogastric feeding may 
be required during the fi rst 2–3 days of care, particularly 
while infection is being treated.

 O There should be at least 3 successive days of increasing 
weight before a response can be verifi ed.

 O Dietary failure is shown by an increase in stool frequency 
(> 10 watery stools/day) or a failure to establish a daily 
weight gain within 7 days.

 O In selected circumstances when adequate intake of 
energy- dense food is problematic, the addition of amyl-
ase to the diet through germination techniques which 
increase the endogenous amylase content of foods 
may be helpful. The ready- to- use therapeutic foods 
(RUTFs) can be used in moderate amounts in children 
with severe malnutrition and persistent diarrhoea, and 
the diets below also offer a suitable alternative. 

TABLE 5.12.B.2 Suggested composition of selected diets in children with persistent diarrhoea

Component Khitchri (rice- lentils) 
(per 100 grams)

Home made version of F- 75 
diet (WHO) (per 1000 mL)

Comminuted chicken (per 
100 grams)

Semi- elemental diet 
(per 100 mL)

Protein Mung lentils, 
30 grams

Dried skimmed milk, 
25 grams

Protein, 8 grams Protein, 2.25 grams 
(hydrolysed)

Fat Oil, 2 grams Vegetable oil, 27 grams Fat, 4 grams Fat, 1.65 grams (medium- 
chain triglycerides)

Minerals and 
micronutrients

Salt (to taste) Vitamin mix, 140 mg

Mineral mix, 20 mL

Electrolytes (sodium, 
0.4 mmol; potassium, 
1.3 mmol; calcium, 0.2 mmol; 
phosphorus, 1.5 mmol)

Electrolytes (sodium, 
1.9 mmol; potassium, 
2.3 mmol; calcium, 
1.8 mmol)

Carbohydrate Rice, 60 grams Cereal fl our, 35 grams

Sugar, 70 grams

Caloreen, 5 grams

First diet: a starch- based reduced milk 
concentration (low- lactose) diet
The diet should contain at least 70 kcal/100 grams, provide 
milk or yoghurt as a source of animal protein, but no more 
than 3.7 grams of lactose/kg body weight/day, and should 
provide at least 10% of calories as protein. The following 
example provides 83 kcal/100 grams, 3.7 grams of lactose/
kg body weight/day and 11% of calories as protein:

 O full- fat dried milk: 11 grams (or whole liquid milk: 85 mL)
 O rice: 15 grams
 O vegetable oil: 3.5 grams
 O cane sugar: 3 grams
 O water to make up to 200 mL.

Of the children who do not improve on this fi rst diet, more 
than 50% will improve when given the second diet, from 
which the milk has been totally removed and starch (cereals) 
partly replaced with glucose or sucrose.

Second diet: a no- milk (lactose- free) diet with 
reduced cereal (starch)
The second diet should contain at least 70 kcal/100 grams, 
and provide at least 10% of calories as protein (egg or 
chicken). The following example provides 75 kcal/100 grams:

 O whole egg: 64 grams

 O rice: 3 grams
 O vegetable oil: 4 grams
 O glucose: 3 grams
 O water to make up to 200 mL.

Finely ground, cooked chicken (12 grams) can be used in 
place of egg to give a diet that provides 70 kcal/100 grams.

Of the children who do not improve on the fi rst diet, more 
than 50% will improve when given the second diet, from 
which milk has been totally removed and starch (cereals) 
partly replaced with glucose or sucrose.

Micronutrient supplementation
Most malnourished children with persistent diarrhoea have 
associated defi ciencies of micronutrients, including zinc, 
iron and vitamin A. This may be a consequence of poor 
intake and continued enteral losses. It is therefore important 
to ensure that all children with persistent diarrhoea and mal-
nutrition receive an initial dose of vitamin A orally, or if that 
is not possible by deep intramuscular injection (< 6 months 
of age, 50 000 units; 6–12 months, 100 000 units; > 1 year, 
200 000 units). They should also receive a daily intake of 
the following for the next 2 weeks:

 O a multivitamin supplement
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 O folic acid, 250 micrograms/kg on day 1, then 
75 micrograms/kg/day

 O zinc, 3–5 mg/kg/day.
 O copper, 0.3 mg/kg/day
 O magnesium, 0.2 mmol/kg/day.

Although the association of signifi cant anaemia with persis-
tent diarrhoea is well recognised, iron replacement therapy 
should not be initiated until recovery from diarrhoea has 
started (ferrous sulphate 18 mg/kg/day, or 6 mg/kg/day of 
elemental iron in two divided doses).

Follow- up and nutritional rehabilitation
Given the high rates of relapse in most children with per-
sistent diarrhoea, it is important to address the underlying 
risk factors and institute preventive measures. These 
include appropriate feeding (breastfeeding, complementary 
feeding) and close attention to environmental hygiene and 
sanitation. This poses a considerable challenge in com-
munities deprived of basic necessities such as clean water 
and sewage disposal.

By the time they return home, children should be receiv-
ing a diet that provides at least 110 kcal/kg/day (including 
milk and fresh fruit and well- cooked vegetables).

Further reading
Bhutta ZA, Molla AM, Isani Z et al. (1991) Dietary management 

of persistent diarrhoea: comparison of a traditional rice- lentil 
based diet with soy formula. Pediatrics, 88, 1010–18.

International Working Group on Persistent Diarrhoea (1996) 
Evaluation of an algorithm for the treatment of persis tent 
diarrhoea: a multicentre study. Bulletin of the World Health 
Organization, 74, 479–89.

Bhutta ZA and Hendricks KH (1996) Nutritional management 
of persistent diarrhoea in childhood: a perspective from the 
developing world. Journal of Pediatric Gastroenterology and 
Nutrition, 22, 17–37.

Imdad A, Sadiq K and Bhutta ZA (2011) Evidence- based pre-
vention of childhood malnutrition. Current Opinion in Clinical 
Nutrition and Metabolic Care, 14, 276–85. 

Haider BA and Bhutta ZA (2009) The effect of therapeutic zinc 
supplementation among young children with selected infec-
tions: a review of the evidence. Food and Nutrition Bulletin, 
30 (1 Suppl.), S41–59. 
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5.12.C Constipation

BOX 5.12.C.1 Minimum standards
 Q Movicol – osmotic laxative – softens
 Q Lactulose – osmotic laxative – softens 
 Q Docusate sodium – softener and weak stimulant
 Q Senna or sodium picosulphate- stimulant laxative 
 Q Glycerine suppositories – lubricant and rectal stimulant
 Q Small volume of phosphate enema (e.g. fl eet enema)
 Q Sodium citrate enema (e.g. Micralax enema). 

Introduction
Defi nition
Constipation is defi ned as diffi culty with, delay in or pain 
on defecation.

Normal defecation patterns
 O Breastfed babies average three stools per day and 

formula- fed babies two stools per day. However, the 
range of normal stool frequency in breastfed babies 
is very wide, from one stool every few days to a stool 
with every feed.

 O Children average one stool per day after 3 years, but 
the normal range is from once on alternate days to 
three times daily.

Pathophysiology
Most children with constipation have no underlying medi-
cal cause. An episode of constipation can be triggered by 
inadequate food or fl uid intake, an intercurrent illness, or 
excessive intake of cow’s milk. 

Constipation cycle
The child passes a hard painful stool. On subsequent 

occasions they try to withhold the stool in order to avoid 
experiencing pain (faecal holding). The stool remains in the 
rectum, becoming harder still, and so causing even more 
pain when it is eventually passed.

If this cycle is allowed to continue, eventually the rectum 
may become enlarged, resulting in a ‘megarectum’. The 
child by this stage has lost the normal urge to defecate, 
and the large rectal mass of stool holds open the anal 
sphincter, which leads to soiling with liquid faeces. This is 
involuntary and should not be confused with encopresis, 
which occurs when the child voluntarily passes normal 
stools in unacceptable places.

Diagnosis
Diagnosis can usually be made by taking a good history.

 O On examination of the abdomen, faecal masses may 
be palpable. These are often in the left and right iliac 
fossae, but sometimes suprapubically. On inspection of 
the anus, anal tags and fi ssure may be seen in chronic 
constipation. 

 O On rectal examination, hard impacted faeces may be 
felt. Rectal examination is usually not necessary. If there 
is an anal fi ssure, rectal examination should be done 
with topical lignocaine jelly (1%) and terminated if it is 
too painful. 

 O Abdominal X- ray is not a useful examination for diagnosis 
of constipation.

Pathological causes 
The vast majority of constipation is idiopathic, but there are 
a few uncommon causes that are important not to miss.
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Hirschsprung’s disease 
Suspect this when there is infancy- onset constipation and a 
delay of more than 48 hours in passing meconium at birth. 
In more advanced cases there will be abdominal distension 
and sometimes failure to thrive and vomiting. There may be 
alternating constipation and diarrhoea and surprisingly little 
soiling for the degree of constipation. On rectal examination 
an explosive gush of faeces occurs when the examining 
fi nger is withdrawn. 

Anal lesions that cause pain or create an 
obstruction
These include anal fi ssures, perianal skin infections and 
(rarely) congenital anterior anus and anal stenosis. One 
cause of painful anal lesions is sexual abuse, a rare but 
important cause which should not be missed.

Endocrine conditions
Hypothyroidism, renal tubular acidosis, diabetes insipidus 
and hypercalcaemia can be associated with constipation. 
There should be a high level of suspicion for a metabolic or 
endocrine cause if constipation and failure to thrive coexist. 

Neurogenic constipation 
Spinal cord lesions involving sensation in the rectum will 
cause neurogenic constipation. These can be excluded by 
a normal neurological and spinal examination. 

Management of idiopathic constipation 
Parental understanding of the aetiology and sequence of 
events in developing chronic constipation is crucial to suc-
cessful physical and psychological management (see Figure 
5.12.C.1). Each and every element of this fl ow diagram 
should be addressed and treated if management is to be 
completely successful.

Explanation
A careful and thorough explanation of the problem should 
be given to the parent and child. Emphasise that soiling 

is not deliberate, and that the child needs support, not 
condemnation. Assess the need for psychological as well 
as physical treatment.

Evacuation of hard impacted faeces
1 To soften and lubricate the retained faeces, initially give 

a softener. This could be a macrogol such as Movicol 
or another softening laxative such as docusate sodium. 
The dose will vary according to age. 

2 Alongside the softener, in order to expel the retained 
mass, give a stimulant laxative (e.g. sodium picosulphate). 

3 If sodium picosulphate is not available, a large dose of 
senna can be tried, but may need to be used for longer. 

4 Only if the above fails give suppositories (glycerine) once 
daily (infant, 1 gram; child < 12 years, 2 grams; child 
> 12 years, 4 grams).

5 If the oral and suppository methods are unsuccessful, 
if excessive abdominal pain develops and/or there is 
vomiting, stimulant enemas will be required. Phosphate 
enemas should not be used in children under 2 years 
of age. For children aged 2–10 years give 60 mL (half a 
phosphate enema) and for those over 10 years of age 
give 120 mL (full enema). If phosphate enemas are not 
available, a small- volume sodium citrate enema (micro- 
enema) can be used. However, the use of enemas can 
add to the child’s fear of defecation. The child should 
never be forcibly held down to receive an enema. Give 
enemas once a day in the morning. Most children need 
two or three enemas to clear a faecal mass.

6 If these measures fail, the child should undergo manual 
evacuation of faecal mass under general anaesthetic, 
but only if this is available and can be done safely.

Maintenance laxatives to keep the stool 
soft, defecation pain- free and overcome 
faecal holding

 O Softening agents such as Movicol or docusate sodium 
to keep the stool soft.

 O Stimulant laxatives, usually senna or sodium picosul-
phate, to expel the soft stool. The aim is to produce 

Inadequate fluid and/or
roughage in diet

Hard stools and difficult Pain and/or anal fissure
on

Fear of and
stool retention

Misery, isolation and
poor self-esteem

Parental frustration and
condemnation

SoilingTeasing and name-
calling by peer group

Large rectal faecal
mass

defecation defecation

defecation

FIGURE 5.12.C.1 Sequence of events in faecal soiling.
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loose stools initially and then subsequently reduce the 
dose to produce at least one soft stool per day. Often 
large doses will be required initially to overcome the 
child’s faecal holding. 

Behaviour changes
 O Encourage increased fl uid intake and a high- roughage 

diet (fruit, vegetables and cereals). 
 O Give positive praise and encouragement for regular 

toileting, and for passage of stool into the toilet.

Length of treatment
Children are likely to require several months of stimulant 
laxatives until their fear of defecation resolves, and often 
months to years of continuous or intermittent treatment 
with softening laxatives. A general rule of thumb is that the 
child will need laxatives for the same length of time that they 
were constipated before treatment started.

5.12.D Infl ammatory bowel disease

BOX 5.12.D.1 Minimum standards
 Q Aminosalicylates.
 Q Prednisolone.
 Q Methylprednisolone.
 Q Corticosteroid enemas.
 Q Blood transfusion.
 Q Polymeric diet.
 Q Metronidazole.

Introduction
Infl ammatory bowel disease (IBD) is uncommon in children 
in resource- limited countries, where abdominal tuberculosis 
is more common. However, in the UK about 18% of children 
with IBD are non- white, of whom most are of either Indian 
or Caribbean origin. Although IBD may present in younger 
children, the mean age in the UK is approximately 12 years. 
Crohn’s disease is more than twice as common as ulcerative 
colitis. A family history is common.

Diagnosis
 O Clinical symptoms of ulcerative colitis are almost invari-

ably bloody diarrhoea with predefecation abdominal 
pain and tenesmus. Crohn’s disease may have a wide 
variety of symptoms, especially extra- intestinal ones. 
Iron- defi ciency anaemia is common in both.

 O The interval between onset of symptoms and diagnosis 
is often over 6 months in Crohn’s disease, and may be 
2–3 months in ulcerative colitis. Denial of symptoms is 
common, especially in adolescents.

Investigations
 O Growth parameters and investigations are a guide to 

the severity and duration of disease and the nutritional 
state of the child.

 O Examination of the mouth and anus is essential.
 O Stool examination is essential to exclude bacterial and 

parasitological causes of diarrhoea, especially before 
corticosteroids are prescribed.

 O Normal investigations: acute- phase reactants (eryth-
rocyte sedimentation rate or C- reactive protein), 
haemoglobin, platelet count, albumin; do not exclude 
ulcerative colitis, but normal blood tests would be very 
unusual in Crohn’s disease.

 O Children with ulcerative colitis often have little or no 
weight loss or growth failure.

 O Children with Crohn’s disease and severe involvement 
of the colon may present similarly to those with ulcera-
tive colitis, but generally have larger haematological 
changes.

TABLE 5.12.D.1 Comparison between Crohn’s disease and ulcerative colitis

Feature Ulcerative colitis Crohn’s disease

Pathology Mucosal disease Transmural disease, skin lesions, strictures, 
fi stulae

Site Recto- colonic (rectum always involved). 
In children over 70% have a pancolitis

Panenteric disease is common in children: 
small bowel and colon, 50%; colon, 35%; 
ileum, 6%; upper gastrointestinal tract, 50% 

Common presenting symptoms Diarrhoea mixed with blood/mucus

Pain (lower abdominal)

Often no or little weight loss

Pain in the right iliac fossa

Diarrhoea with or without blood

Growth failure and weight loss

Peri- anal and oral disease

Extra- intestinal features (fi nger clubbing, 
arthritis, skin disorders, fever)

Uncommon Common

General investigations
Stool

 O Blood, mucus.

 O Microscopy for Entamoeba histolytica, Schistosoma, 
Trichuris trichiura, Giardia lamblia.

 O Culture for bacteria.
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Full blood count
 O Haemoglobin level decreased.
 O White blood cell count increased.
 O Platelet count increased.

Acute- phase reactants
 O Erythrocyte sedimentation rate raised.
 O C- reactive protein raised.

Chemical pathology
 O Electrolytes (if diarrhoea severe).
 O Ferritin (may be spuriously raised – acute- phase 

reactant).
 O Albumin level low.

Specifi c investigations
Specifi c investigations depend on the availability of paedi-
atric gastrointestinal facilities. 

 O Sigmoidoscopy is essential. 
 O Flexible endoscopy of the lower and upper gastrointes-

tinal tract should ideally be undertaken. 
 O Barium enema (double contrast) is required in colitis only 

if colonoscopy is not available.
 O Normal macroscopic appearance of the lower or upper 

gut does not exclude IBD. Histology is essential.
 O ‘Indeterminate colitis’ is a term used to describe patients 

whose histology is not typical of ulcerative colitis or 
Crohn’s disease. They are usually treated initially as 
having ulcerative colitis.

TABLE 5.12.D.2 Specifi c investigations for Crohn’s disease and 
ulcerative colitis

Feature Ulcerative colitis Crohn’s disease

Endoscopy* Proctoscopy

Sigmoidoscopy

Colonoscopy

Lower gut

Upper gut*

Radiological 
studies

Barium enema† 
(double contrast)

Barium meal and 
follow- through

White blood cell 
scan (technetium 
labelled)‡

Screening Screening

* Depending on availability.
† Only required if colonoscopy is unavailable.
‡ Only available in well- resourced countries.

Management of ulcerative colitis
 O Initial management depends on severity.
 O Follow- up: parents and older children should be taught 

so that they understand how to recognise and treat any 
relapse promptly.

Management of active colitis (see 
Table 5.12.D.3)

 O Mild disease: less than four motions per day, intermit-
tent blood, normal acute- phase reactants, no toxicity:

 — Aminosalicylates.
 — Mesalazine (1 g rectally) or corticosteroid (20 mg) 
enema until the bleeding stops, and then given 
alternate nights for 1 week.

 — Corticosteroids given orally if there is no response 
within 2 weeks.

 O Moderate disease: four to six motions per day, 
moderate blood, slight toxicity, anaemia and raised 
acute- phase reactants:

 — As above plus oral steroids immediately. If there is a 
poor response, treat as for severe disease.

 O Severe disease: more than six bloody motions per 
day, nocturnal stools, toxicity, fever, anaemia and 
hypoalbuminaemia:

 — Intravenous pulse methylprednisolone or hydrocorti-
sone dose for 3–5 days.

 — Antibiotics (e.g. metronidazole) (benefi t is not proven).
 — Intravenous fl uids and correction of electrolyte defi cits.
 — Blood transfusion if required.
 — Intravenous cyclosporine (500 micrograms–1 mg/
kg aged 3–18 years) or oral cyclosporine (2 mg/kg 
twice daily maximum 5 mg/kg aged 2–18 years) may 
be of value if there is no response to intravenous 
corticosteroids.

 O Toxic dilation: if there is no response to intensive 
therapy by 12–24 hours, perform colectomy.

Relapse
Prompt commencement of rectal mesalazine or a corti-
costeroid enema is essential. If there is no response, give 
a course of oral corticosteroids.

Maintenance
 O Aminosalicylic acid preparations are generally given life-

long. Mesalazine 10 mg/kg 2–3 times daily 5–12 years, 
2 G once daily 12–18 years.

 O If relapses occur when corticosteroids are reduced, give 
azathioprine for up to 3–5 years.

TABLE 5.12.D.3 Drug dosages for ulcerative colitis

Corticosteroids

Prednisolone: 2 mg/kg/day (maximum 40 mg) 
for 3 weeks, then reduce by 5 mg/
week 

Methylprednisolone: IV 1–1.5 mg/kg/day (maximum 
60 mg)

Hydrocortisone: IV 4 mg/kg 6- hourly

Prednisolone enema or 
foam (20 mg in 100 mL):

50–100 mL at night

Aminosalicylates

Sulphasalazine: (tablets 
10 mg and 50 mg)

10 mg/kg 4-  to 6- hourly for acute 
episodes. Decrease the dose by 
half for maintenance as soon as 
possible. Urine and tears will turn 
orange. 

Report sore throat

Mesalazine: (oral tablets 
500 mg)

Under 40 kg body weight aged 
5–12 years give 10 mg/kg 
2–3 times daily; over 40 kg body 
weight aged 12–18 years, give 2 G 
once daily

Mesalazine: rectal Aged 12–18 years, 1 gram daily

Metronidazole: (orally) 7.5 mg/kg three times daily

Azathioprine: (orally) 1.5–2.5 mg/kg once daily



563

Section 5.12

 O Regular monitoring of the blood count (every 1 to 
2 months) is important.

Indicators for colectomy
 O Toxic megacolon (see above), intractable disease and 

growth failure.
 O The risk of cancer relates to the extent of disease and 

its duration. Good maintenance therapy is important 
for prevention. Two- yearly colonoscopy should be 
considered in those with pancolitis for 10 years after 
the commencement of disease.

 O Colectomy and ileostomy would be the usual operation 
in resource- limited settings, and are curative sympto-
matically, but the patient then has the ileostomy for life.

Management of Crohn’s disease
 O The key to management is to maintain growth and nutri-

tion and control symptoms.
 O Most children will have recurrent relapses.
 O Many will require surgery at some stage.
 O Nutritional treatment and support are essential.

Polymeric diet
A polymeric diet can be any liquid nutritional preparation 
that is nutritionally complete. Examples would include 
PaediaSure/Ensure (Abbott Nutrition), Modulen IBD/
Resource Junior (Nestle) and Alicalm/Fortini (Nutricia). 
Polymeric diet is effective in producing 70% remission in 
small bowel disease and 50% remission in colonic disease. 
The advantages over corticosteroids are the positive effect 
on growth and lack of side effects. The diet is given for 
6 weeks, usually orally, during which time no other food is 
given (but the child can drink water), and then the normal 
diet is re- introduced.

Maintenance therapy with polymeric diet can also be 
used.

Drug therapy
See Table 5.12.D.3 for drug dosages in ulcerative colitis.

 O Prednisolone 2 mg/kg/day (maximum 40 mg/day) is 
effective in small and large bowel disease. Continue this 
dose for 3 weeks, then reduce it by 5 mg/week and then 
stop. If required to maintain remission, alternate- day 
therapy may have fewer side effects.

 O Mesalazine but not sulphasalazine can be effective for 
maintaining remission in ileal as well as colonic disease 
(dose is aged 5–12 years 10–15 mg/kg orally 2–3 times 
daily, aged 12–18 years 2 G once daily).

 O Azathioprine is effective in long- term maintenance and 
has steroid- sparing effects. It may be useful for healing 
perianal fi stulae. It takes many months to act, and it 
should be continued for at least 4 years. Blood counts 
should be undertaken every 1–2 months.

 O Metronidazole may be effective in controlling perianal 
disease and fi stulae. It may also reduce small bowel 
overgrowth. Ciprofl oxacin is an alternative.

 O Infl iximab is a very expensive monoclonal antibody that 
inhibits tumour necrosis factor alpha (TNF_). It is used 
in severe Crohn’s disease that is not responding to 
conventional treatment. It is administered IV at intervals. 
Because of its immunosuppressive effects there are real 
dangers from infection, especially latent TB. Other side 
effects include anaphylaxis, lymphoma and possibly 
demyelinating disorders.

Surgery
Indications for surgery include failure of medical therapy, 
intestinal obstruction and growth failure. Strictureplasty 
may be an effective method of avoiding excision of bowel 
when strictures are present.

Follow- up and support for IBD
Patients and their families require long- term understand-
ing and support. Psychological therapy may be helpful in 
some cases.

5.12.E Upper gastroenterological disorders

Introduction
Upper gastrointestinal disorders are not common complaints 
in the population presenting to hospitals in resource- limited 
countries. It may be that symptoms are under- reported or 
overlooked because of more common problems, such as 
gastroenteritis, persistent diarrhoea, intestinal helminths 
and malnutrition. However, certain life- threatening condi-
tions do occur, including obstruction of the oesophagus due 
to a foreign body, strictures due to caustic soda poisoning, 
haematemesis due to peptic ulcer or portal hypertension, 
and volvulus due to malrotation.

In well- resourced communities, particularly where 
facilities for upper gastrointestinal paediatric endos-
copy are available, similar symptoms to those that occur in 
well- resourced countries present. These include recurrent 
abdominal pain, epigastric and substernal pain, recurrent/
persistent vomiting, dyspepsia and water- brash/heartburn.

Gastro- oesophageal refl ux

TABLE 5.12.E.1 Gastro- oesophageal refl ux

Symptoms Complications

Vomiting (regurgitation) In Infants

Water- brash/heartburn Apnoea

Nausea Life- threatening event

Epigastric/retrosternal pain All ages

Failure to thrive*

Aspiration pneumonia

Haematemesis

Anaemia

Oesophageal stricture

*Particularly in children with cerebral palsy.
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Gastro- oesophageal refl ux (GOR) is a normal physiologi-
cal condition in infants, children and adults. If GOR is 
associated with complications (as below) then it is termed 
gastro- oesophageal refl ux disease (GORD). GORD is com-
mon in children with cerebral palsy.

Note: Sandifer–Sutcliffe syndrome is dystonic posturing 
associated with GOR.

Diagnosis
Often no investigations are needed and a diagnosis can 
be made by taking a good clinical history. The following 
investigations are helpful if they are needed and available:

 O Barium swallow: This is often the only diagnostic facility 
available in resource- limited countries. It is a much less 
sensitive method for diagnosing refl ux than pH monitor-
ing, but will detect associated or other conditions such 
as oesophageal stricture, hiatus hernia, diaphragmatic 
hernia and malrotation.

 O Endoscopy and biopsy (particularly looking for 
oesophagitis).

 O pH monitoring: this grades the frequency and duration 
of exposure of the lower oesophagus to acid (pH < 4.0).

Management
 O Simple GOR in the thriving child: reassurance is all that 

is needed.
 O Excessive regurgitation causing failure to thrive in an 

infant, or mild symptoms of oesophagitis: treatment 
by thickening feeds with Carobel (Cow & Gate) or an 
alginate preparation (e.g. Gaviscon) can be tried.

 O Moderate to severe GOR with oesophagitis: H2- receptor 
antagonists, such as ranitidine (2–4 mg/kg twice daily, 
maximum 150 mg twice daily) or the proton pump inhibi-
tor, omeprazole (700 micrograms to 3 mg/kg once daily) 
should be given. Motility stimulants such as domperi-
done (200–400 micrograms/kg every 4–8 hours) may 
be effective, particularly in children with cerebral palsy. 
However, proof of their effi cacy is lacking.

 O Surgery: Nissen fundoplication would be considered 
if, despite medical management, there was severe 
oesophagitis, failure to thrive or aspiration pneumonia. 
It is sometimes required in children with cerebral palsy 
and GOR.

Helicobacter pylori
Helicobacter pylori is a ubiquitous bacterium that commonly 
infects the stomach (especially the antrum) of children in 
resource- limited countries from an early age. Child- to- child 
transmission is important. In developed countries up to 
40–60% of adults are infected, probably mainly during 
childhood. Conditions associated with H. pylori include 
the following:

 O Chronic gastritis: often asymptomatic; not a major 
cause of abdominal pain in children.

 O Duodenal ulcer: H. pylori has a strong association 
with duodenal ulcer and must be eradicated to ensure 
healing.

Diagnosis
Testing for H. pylori should only be undertaken if the child 
has symptoms of ulcer dyspepsia. Diagnostic tests (outlined 

below) are rarely available as routine in resource- limited 
countries.

 O Serology: this is good for epidemiological studies, but 
has reduced sensitivity in children under 7 years of age.

 O Urea breath test (13C- UBT): this is sensitive and specifi c, 
especially in children over 6 years of age.

 O Faecal antigen testing: this is sensitive and specifi c in 
both children and adults.

 O Endoscopy: histological demonstration and culture of 
H. pylori.

Management
Selection of optimal antibacterial agents is diffi cult because 
of the development of resistance.

Suggested regimen
1 Omeprazole

 O Aged < 2 years 700 micrograms/kg to 3 mg/kg once 
daily up to a maximum of 20 mg. 

 O Aged > 2 years, body weight 10–20 kg, give 10 mg 
once daily up to maximum 20 mg once daily. 

 O Aged > 2 years, body weight > 20 kg, give 20 mg 
once daily up to a maximum of 40 mg once daily.

2 plus antibiotics, such as amoxicillin (< 1 year, 62.5 mg; 
1–4 years, 125 mg; 5–12 years, 250 mg; > 12 years, 
250–500 mg, three times daily)

3 plus clarithromycin (7.5 mg/kg twice daily) or metroni-
dazole (7.5 mg/kg three times daily).

Treatment should be continued for 1–2 weeks. Strict com-
pliance in order to avoid the development of resistance is 
imperative.

Duodenal ulcer
Duodenal ulcers are uncommon in children, but can be life- 
threatening due to haematemesis, melaena and perforation.

There is often a family history. Common symptoms 
include epigastric pain that typically:

 O is worsened by fasting
 O is improved by eating or antacids
 O causes nocturnal waking.

Diagnosis
 O Endoscopy, including biopsy for H. pylori, is the 

optimal method.
 O Barium swallow: this is less sensitive for diagnosing 

acute ulceration and better at detecting scarring.

Management
 O Unless facilities to diagnose H. pylori are available, all 

children should be treated for eradication of presumed 
H. pylori.

 O Give H2 antagonists or a proton pump inhibitor for 
6–8 weeks: ranitidine 2–4 mg/kg twice daily (maximum 
150 mg twice daily); omeprazole 10 mg for 10–20 kg (can 
increase to 20 mg) and 20 mg for > 20 kg once daily (can 
increase to 40 mg).
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5.12.F Gastrointestinal bleeding

BOX 5.12.F.1 Minimum standards
 Q Full blood count.
 Q Stool examination, microscopy and culture, parasite 

identifi cation.
 Q Ultrasound.
 Q Barium X- ray studies.
 Q Gastroscopy.
 Q Colonoscopy.

Introduction
 O The causes of bleeding from the gastrointestinal tract are 

many, and relate to the age of the child. A good history 

and clinical examination are essential and will indicate 
specifi c investigations.

 O In haematemesis, it is important to exclude swallowed 
blood due to disorders of the nose and mouth.

 O In children the commonest cause of fresh rectal bleeding 
is an anal fi ssure.

 O Melaena has to be differentiated from dark stools asso-
ciated with medication (e.g. iron preparations) and 
colouring from foods.

 O A large bleed from the upper gastrointestinal tract may 
present as red blood at the anus because of rapid transit.

TABLE 5.12.F.1 Causes of gastrointestinal haemorrhage

Site of bleeding Clinical features/further information

Upper gut
Poisoning with or treatment

with salicylates

Mallory–Weiss syndrome

‘Coffee- ground’ vomit

Oesophagitis, gastro- oesophageal refl ux See Section 5.12.E

Portal hypertension, oesophageal varices See Section 5.7.B (liver disease)

See Section 6.3.C.c (schistosomiasis)

Midgut
Intussusception, volvulus Infants (see Section 3.4 and 5.19)

Meckel’s diverticulum Often symptomless

Colorectal
Infection (e.g. shigellosis, amoebiasis) See Section 5.12.A and Section 6.3.B 

Infl ammatory bowel disease Abdominal pain, diarrhoea, weight loss

See Section 5.12.D

Milk protein intolerance See Section 5.12.G

Polyps (single, multiple, Peutz–Jeghers syndrome) Blood separate from normal stool

Anus
Fissure Infants, constipation, tags (see Section 5.12.C)

Crohn’s disease See Section 5.12.D

Miscellaneous

Necrotising enterocolitis (see Section 3.4), Henoch–Schönlein purpura (see Section 5.13), AIDS (see Section 6.2.D)

Any coagulation or blood malignancy disorder (see Section 5.11.D and Section 5.14)

Investigations
The investigations chosen will depend on the suspected 
site of bleeding and the clinical features. 

See appropriate sections as indicated in the tables 
above. 

It is important to consider the following:
 O Stool:

 — Direct observation: blood, mucus.
 — Microscopy: Cryptosporidium, Salmonella, E. coli, 
Shigella, Campylobacter, ova, cysts and parasites.

 — Faecal occult blood. 

 O Full blood count, grouping and cross- matching. 
 O Serum ferritin and iron levels.
 O Isotope scan: diagnosis of Meckel’s diverticulum (30% 

false negative).
 O Barium studies: diagnosis of malrotation.
 O Ultrasound: diagnosis of intussusception.
 O Upper endoscopy: diagnosis and treatment of oesopha-

geal, gastric and/or duodenal bleeding.
 O Colonoscopy: diagnosis and treatment of colitis and/

or polyps.
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TABLE 5.12.F.2 Features of gastrointestinal bleeding

History/examination Looking for:

History

Acute/chronic, amount of 
blood

Severity

Endemic area Schistosomiasis

Haematemesis Upper gastrointestinal 
disorder

Nose and mouth lesions Swallowed blood

Site of any pain Upper or lower gastrointestinal 
tract

Stool:

Hard/loose

Blood mixed in stool

Blood around or separate

Constipation/diarrhoea

Infl ammation/infection

Anal fi ssure/polyp

History/examination Looking for:

Infl ammatory bowel disease, 
family history

See Section 5.12.D

Bleeding tendency Clotting disorder, malignancy

Examination

Nose and mouth lesions Swallowed blood

Pallor, capillary refi ll, blood 
pressure

Anaemia, shock

Petechiae, telangiectasia Thrombocytopenia, hereditary 
telangiectasia 

Abdomen Tenderness, 
hepatosplenomegaly

Anus Fissure, tags, infection

5.12.G Malabsorption, including coeliac disease

Malabsorption
Malabsorption is an abnormality in absorption of food 
nutrients from the gastrointestinal tract.

Common causes of malabsorption and resultant failure 
to thrive in resource- limited countries include recurrent 
respiratory infection, persistent diarrhoea and HIV infec-
tion. None of these require bowel investigation. The main 
emphasis is on nutritional rehabilitation which regenerates 
the small bowel atrophy and the immune system (see 
management of persistent diarrhoea and severe malnutri-
tion in Sections 5.12.B and 5.10.B, respectively). Only a 
limited response to nutritional support is expected in HIV 
infection, depending generally on the stage of disease and 
the response to antiretroviral (ARV) drugs.

Types of malabsorption
 O Selective: as seen in lactose intolerance.
 O Partial: as observed in Crohn’s disease and HIV infection.
 O Total: as seen in coeliac disease.

Pathophysiology
The gastrointestinal tract functions to digest and absorb 
nutrients (fat, carbohydrate, protein and fi bre), micronutri-
ents (vitamins and trace minerals), water and electrolytes. 
This is dependent on the proper processing of food by 
mechanical (chewing and gastric churning) and enzymatic 
(gastric, pancreatic, biliary or intestinal) means. The fi nal 
products of digestion are then absorbed through the 
intestinal epithelial cells.

Malabsorption constitutes the pathological breakdown 
of the normal physiological sequence of digestion (i.e. 
intraluminal process), absorption (i.e. mucosal process) and 
transport (post- mucosal events) of nutrients.

Clinical features
Symptoms can be intestinal or extra- intestinal, and include 
the following:

 O diarrhoea/steatorrhoea: watery, diurnal and nocturnal, 
bulky, frequent stools

 O bloating
 O fl atulence
 O abdominal discomfort/cramping abdominal pain
 O growth retardation
 O weight loss 
 O failure to thrive
 O delayed puberty
 O swelling or oedema from loss of protein
 O anaemia (vitamin B12, folic acid and iron defi ciency)
 O fatigue
 O weakness
 O muscle cramp 
 O osteomalacia and osteoporosis
 O bleeding tendencies.

Diagnosis
Investigation is guided by symptoms and signs. Since a 
range of different conditions can produce malabsorption, it 
is necessary to look for each of these specifi cally. Tests are 
also needed to detect the systemic effects of defi ciency of 
the malabsorbed nutrients (e.g. anaemia with vitamin B12 
malabsorption).

Investigations may include the following:
 — full blood count and blood fi lm 
 — C- reactive protein and erythrocyte sedimentation rate 
 — serum albumin
 — serum iron, ferritin and total iron- binding capacity 
(TIBC) 

 — serum folic acid
 — serum cholesterol or triglyceride
 — serum calcium, phosphate and alkaline phosphatase
 — prothrombin time and activated partial thromboplastin 
time

 — blood chemistry (electrolytes, glucose, HCO3
–, urea 

and creatinine)
 — serum zinc levels
 — stool studies, including cultures.
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Serological studies
The following specifi c tests are carried out to determine 
the underlying cause:

 — IgA anti- transglutaminase antibodies
 — IgA anti- endomysial antibodies. 

Radiological studies 
 — Barium meal and follow- through. 
 — Barium enema.
 — CT of the abdomen.

Specialised tests (if available)
 O Biopsy of small bowel.
 O Colonoscopy can be helpful in colonic and ileal disease.
 O Endoscopic retrograde cholangiopancreatography 

(ERCP) will show pancreatic and biliary structural 
abnormalities.

 O Glucose hydrogen breath test for bacterial overgrowth.

 O Lactose hydrogen breath test for lactose intolerance.
 O Magnetic resonance cholangiopancreatography 

(MRCP).

Management
Treatment is directed largely towards management of the 
underlying cause. In severe nutritional defi ciency, hospital 
admission may be required for total parenteral nutrition 
(TPN). Subsequently, advice and support from a dietitian 
is vital. 

Coeliac disease

BOX 5.12.G.1 Minimum standards
 Q Gluten- free diet.
 Q Full blood count and fi lm.

Coeliac disease is an autoimmune disorder of the small 
intestine in genetically predisposed people of all ages 
from middle infancy onwards. It is caused by a reaction to 
gliadin, a gluten protein found in wheat and similar cereals. 
Therefore it is common among populations whose diet 
contains substantial amounts of wheat. Apart from people 
of European origin, in whom it commonly manifests, it is 
also frequently seen in North Africa, the Middle East, and 
the north of the Indian subcontinent where wheat is a 
staple diet. Other populations at increased risk for coeliac 
disease include children with Down’s syndrome and Turner 
syndrome, type 1 diabetes and autoimmune thyroid dis-
ease, including both hyperthyroidism and hypothyroidism. 

Pathophysiology
Upon exposure to gliadin, the enzyme tissue transglu-
taminase (tTG) modifi es the immune system to cross- react 
with the small- bowel villous lining, causing an infl ammatory 
reaction. This leads to villous atrophy, which interferes with 
the absorption of nutrients, minerals and the fat- soluble 
vitamins A, D, E and K. 

Coeliac disease appears to be polyfactorial. Almost 
all people with coeliac disease have either the HLA- DQ2 
or the HLA- DQ8 allele. However, additional factors are 
needed for coeliac disease to manifest besides the HLA 
risk alleles. Furthermore, around 5% of those people who 
do develop coeliac disease may not have typical HLA- DQ2 
or HLA- DQ8 alleles.

FIGURE 5.12.G.1 The spectrum of coeliac disease. Latent coeliac 
disease: positive anti- endomysial antibodies, normal small bowel, 
but risk of developing disease.

TABLE 5.12 G.1 Common causes of malabsorption

Common causes of malabsorption

Due to infective 
agents 

Intestinal tuberculosis

HIV- related malabsorption

Tropical sprue

Traveller’s diarrhoea

Parasites, such as Giardia lamblia, fi sh 
tapeworm, roundworm, 

hookworm (Ancylostoma duodenale and 
Necator americanus)

Due to 
structural 
defects 

Blind loops

Infl ammatory bowel diseases (e.g. Crohn’s 
disease)

Intestinal hurry from surgical procedures 
(e.g. post- gastrectomy, gastro- jejunostomy)

Fistulae, diverticulae and strictures

Short bowel syndrome

Due to mucosal 
abnormality 

Coeliac disease

Cow’s milk intolerance

Soya milk intolerance

Due to enzyme 
defi ciencies 

Lactose intolerance (constitutional, 
secondary or rarely congenital)

Sucrose intolerance

Due to 
digestive failure 

Pancreatic insuffi ciencies

Cystic fi brosis

Chronic pancreatitis

Bile salt malabsorption

Terminal ileal disease

Obstructive jaundice

Bacterial overgrowth

Due to 
systemic 
diseases 

Coeliac disease

Hypothyroidism and hyperthyroidism

Addison’s disease

Diabetes mellitus

Hyperparathyroidism and hypoparathyroidism

Malnutrition
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Clinical features
Clinical features may range from severe to almost non- 
existent. Severe coeliac disease in young children leads 
to the characteristic symptoms of pale, loose and greasy 
stools (steatorrhoea) with weight loss or failure to gain 
weight. Adolescents and older children with milder coeliac 
disease may have symptoms that are much more subtle 
and occur in other organs rather than in the bowel itself. 

TABLE 5.12.G.2 Clinical features of coeliac disease

Under 2 years of age Over 2 years of age

Steatorrhoea Short stature

Vomiting Delayed puberty

Abdominal distension Iron- resistant anaemia

Irritability Rickets/osteomalacia

Anorexia Behaviour problems

Growth failure With or without the gut disorders 
that occur in younger children

Diagnosis
The diagnosis of coeliac disease is based on two types 
of testing.

Serological blood tests
These are the first- line investigation and include the 
following:

 O IgA anti- tissue transglutaminase (tTG) antibodies: 
this test is reported to have a high sensitivity (99%) and 
specifi city (over 90%) for identifying coeliac disease. 
Therefore it should be done fi rst. It is also an easier test 
to perform. An equivocal result on tTG testing should 
be followed by antibodies to endomysium.

 O IgA anti- endomysial antibodies: this test has a sen-
sitivity and specifi city of 90% and 99%, respectively, for 
detecting coeliac disease. 

It is important that the total serum IgA level is also checked, 
as coeliac patients with IgA defi ciency may be unable 
to produce the antibodies on which these tests depend 
(‘false- negative’). In such patients, IgG antibodies against 
transglutaminase (IgG- tTG) or IgG anti- gliadin antibodies 
(IgG- AGA) may be helpful in reaching a diagnosis.

Dudeno- jejunal biopsies
Because of the implications of a diagnosis of coeliac 
disease, guidelines recommend that a positive serological 
blood test may still be followed by a dudeno- jejunal biopsy. 
Similarly, a negative serology may still be followed by a 
recommendation for a biopsy if clinical suspicion remains 
high. Tissue biopsy is still considered the gold standard in 
the diagnosis of coeliac disease.

For this purpose, biopsies can be obtained using metal 
capsules attached to a suction device. The capsule is swal-
lowed and allowed to pass into the small intestine. After 
X- ray verifi cation of its position, suction is applied to collect 
part of the intestinal wall inside the capsule. Commonly 
used capsule systems are the Watson capsule and the 
Crosby–Kugler capsule. This method has now been largely 
replaced by fi bre- optic endoscopy, which carries a higher 
sensitivity and a lower frequency of errors. 

TABLE 5.12.G.3 Investigations for malabsorption 

General Specifi c

Full blood count plus fi lm

Serum iron and ferritin

Folate (red blood cell)

Vitamin B12 levels

Serum albumin

Hydrogen breath test

Serum calcium, phosphate 
and alkaline phosphatase

Serum T4 and TSH

Immunoglobulins IgA and IgG

IgA tTG antibodies

IgA anti- endomysial 
antibodies

IgA anti- gliadin (AGA)

Small bowel biopsy:
 O Villous atrophy
 O Hyperplasia of crypts
 O Increased infl ammatory 

cells

There are several ways in which these tests can be used 
to assist in diagnosing coeliac disease. However, all tests 
become invalid if the patient is already taking a gluten- free 
diet. Intestinal damage begins to heal within weeks of gluten 
being removed from the diet, and antibody levels decline 
over a period of months. In such cases it may be necessary 
to perform a re- challenge with gluten- containing food over 
2–6 weeks before repeating the investigations. 

A histology compatible with coeliac disease on a gluten- 
containing diet, followed by a clinical improvement (i.e. gain 
in weight and height and resolution of symptoms) once the 
gluten is removed from the diet is often enough to establish 
the diagnosis. Most guidelines do not recommend a repeat 
biopsy unless there is no improvement in the symptoms on 
the gluten- free diet. In some cases a deliberate gluten chal-
lenge, followed by biopsy, may be conducted to confi rm or 
refute the diagnosis. A normal biopsy and normal serology 
after the challenge indicates that the diagnosis may have 
been incorrect.

In resource- limited countries where facilities for biopsies 
may not exist, the same model can be used with serologi-
cal tests. A positive serological test on a gluten- containing 
diet will revert to normal with clinical improvement once the 
patient is on a gluten- free diet.

                     Initial diagnosis

Based on clinical signs and symptoms
and
biopsy shows atrophic mucosa     
or   
increased  tTG antibody levels

Gluten-free diet

Clinical remission (within weeks)
and

decreased tTG antibody levels

COELIAC DISEASE

FIGURE 5.12.G.2 Diagnosis of coeliac disease.
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BOX 5.12.G.2 Gluten challenge
Do a gluten challenge if:

 Q the diagnosis is in doubt 
 Q there is a possibility of another diagnosis, especially in 

children under 2 years of age (e.g. milk protein intoler-
ance, persistent diarrhoea, giardiasis)

 Q the response to a gluten- free diet is not clear- cut
 Q the subject is asymptomatic (e.g. fi rst- degree relatives).

Note: Gluten challenge should preferably be undertaken 
when the child is over 6 years old and before puberty, to 
reduce the effects on dentition and growth.

Treatment
At present, the only effective treatment is a lifelong gluten- 
free diet. Strict compliance allows the intestines to heal, with 
resolution of symptoms in most cases. Early intervention 
and good compliance can eliminate the heightened risk of 
intestinal cancer and in some cases sterility. 

Dietitian input can be helpful in ensuring that the patient 
is aware of which foods contain gluten, which foods are 
safe, and how to have a balanced diet despite the limita-
tions. The diet can be cumbersome, and failure to comply 
may cause relapse.

The commonly implicated cereals include wheat (and 
its subspecies, such as spelt, semolina and durum), barley, 
rye and oats. 

Other cereals, such as maize (corn), millet, sorghum, teff 
and rice, are safe for patients to consume. Similarly, non- 
cereal foods such as fruits, vegetables and foods derived 
from animal sources (i.e. milk, fi sh, poultry and other meat) 
can be used.

Further reading
Steele R (2011) Diagnosis and management of coeliac disease 

in children. Postgraduate Medical Journal, 87, 19–25.
European Society for Pediatric Gastroenterology, Hepatology, 

and Nutrition Guidelines for the Diagnosis of Coeliac Disease: 
http://espghan.med.up.pt/position_papers/Guidelines_on_
coeliac_disease.pdf

5.13 Rheumatology

BOX 5.13.1 Minimum standards 
 Q Penicillin.
 Q Aspirin.
 Q Prednisolone.
 Q Haloperidol, diazepam and lorazepam.
 Q Anti- endocarditis measures.
 Q IV gamma globulin if at all possible.
 Q Non- steroidal anti- infl ammatory drugs (NSAIDs).
 Q Sulphasalazine.
 Q Ocular steroids and mydriatics.
 Q Intra- articular steroids.
 Q Physiotherapy and family support.

Introduction
Making a diagnosis of a rheumatic disease in a child relies 
primarily on clinical skill and experience, as there are few 
diagnostic laboratory tests. Although these diseases are 
rare in children, symptoms that raise the possibility of 
rheumatic disease are common. Rheumatic symptoms 
may be relatively specifi c, such as joint swelling, or rela-
tively non- specifi c, such as fever, lethargy, pallor, anorexia, 
failure to thrive, muscle weakness, musculoskeletal pain, 
rash, headache and abdominal pain. The interpretation of 
these clinical features requires a meticulous approach to 
characterising the nature of each feature and considering 
the overall pattern of all the clinical features in the individual 
patient. The aims of this section are to assist in the rec-
ognition of common patterns of clinical features, and to 
provide guidance for appropriate treatment and monitoring 
of rheumatic disease in children.

pGALS (paediatric Gait, Arms, Legs and Spine) is a 
simple quick approach to joint examination and helps 
to discern abnormal from normal joints; this is especially 
useful in the context of non- specifi c features such as limp 
or fever. pGALS includes incorporates a series of simple 
manoeuvres to assess all joints quickly (takes approxi-
mately 2–3 minutes). It has been validated in school- aged 
children (although can be performed in younger children) 
and has been shown to be effective when performed by 
non- specialists in detecting signifi cant joint abnormali-
ties in acute paediatric practice (including in Africa). The 
interpretation of pGALS requires knowledge of normal 
musculoskeletal development and the clinical context to 
facilitate a differential diagnosis (www.arthritisresearchuk.
org/health- professionals- and- students/video- resources/
pgals.aspx).

Rheumatic fever
Rheumatic fever is an abnormal immune response to group 
A streptococcal infection in genetically susceptible individu-
als. It is most common between the ages of 6 and 16 years. 
Symptoms of acute rheumatic fever follow streptococcal 
pharyngitis after a latent period of approximately 3 weeks. 
The disease usually presents with joint pain, but may have 
an insidious onset, especially if carditis is the predominant 
feature. There is no defi nitive test, and diagnosis depends 
on recognition of clinical signs known as the Jones criteria.
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TABLE 5.13.A.1 Jones criteria for diagnosis of rheumatic fever

Major criteria Minor criteria

Carditis

Migratory large- joint 
polyarthritis

Erythema marginatum

Subcutaneous nodules

Chorea (onset 2–6 months 
after pharyngitis)

Previous history of rheumatic 
fever

Fever

Arthralgia

First- degree heart block

Elevated acute- phase 
reactants (ESR and CRP)

ESR, erythrocyte sedimentation rate; CRP, C- reactive protein.

Diagnosis: Jones criteria
The diagnosis in an individual is made by the Jones criteria 
(revised by the WHO in 2003) on the basis of the presence 
of either two major criteria (which include polyarthritis, 
erythema marginatum rash, subcutaneous nodules, car-
ditis and chorea) or one major criterion and two minor 
criteria (minor criteria include persistent fever, arthralgia, 
raised ESR or CRP, persistent leukocytosis, abnormal ECG 
except if carditis is the major feature, and previous episode 
of rheumatic fever). Each combination must also include 
evidence of streptococcal infection, usually a rising titre of 
antistreptolysin O.

 O Evidence of streptococcal infection (usually a 
pharyngitis secondary to group A beta- haemolytic 
streptococcus) with positive throat swab culture or, 
preferably, a positive serology for recent streptococcal 
infection. This is usually accompanied by a prolonged 
fever and followed by other clinical features after a 2-  to 
3- week period. 

 O Arthritis of the large joints. This is a reactive arthritis 
(rather than a septic arthritis), often affecting many 
joints, and it is migratory in nature. It usually responds 
dramatically to aspirin, up to 120 mg/kg/day in four to six 
divided doses by mouth after food, but do not exceed 
75–80 mg/kg/day if facilities for assay of salicylate levels 
are not available. Alternatively, use non- steroidal anti- 
infl ammatory drugs (NSAIDs; see below). The presence 
of joint pain without swelling (i.e. arthralgia alone) may 
still indicate rheumatic fever in the presence of the other 
clinical features compatible with a diagnosis of acute 
rheumatic fever.

 O Rash and subcutaneous nodules: erythema mar-
ginatum is an uncommon feature. It has a ‘snake- like’ 
appearance, usually over the trunk, and occurs early in 
the disease, is usually transient, and disappears within a 
few hours. Subcutaneous nodules are not uncommon, 
occurring over bony prominences such as the elbows 
and knees.

 O Carditis: this may range from a tachycardia with a 
prolonged PR interval seen on the ECG through to myo-
carditis with a systolic apical mitral murmur, pericarditis 
or cardiac failure. Cardiac infl ammation may involve the 
endocardium (valvulitis mostly affecting the mitral and 
aortic valve), the myocardium (impaired cardiac func-
tion) or the pericardium in severe cases (pericarditis). 
Examination may reveal a pericardial friction rub, an 
apical pansystolic murmur from mitral regurgitation, 
or an early diastolic decrescendo murmur from aortic 
regurgitation. As the valves heal they may scar and 
fibrose. Mitral regurgitation, mitral stenosis and 

aortic regurgitation are the commonest long- term 
consequences of acute rheumatic fever.

 O Chorea is an involuntary movement disorder, often of 
the face, tongue and upper limbs. It may appear as dys-
arthria or clumsiness, and is associated with emotional 
lability. It is a late manifestation of acute rheumatic fever, 
and is more common in girls. 

The disease may be prevented by detecting group A 
streptococcus in cases of pharyngitis (throat swab or rapid 
antigen test) and treating with penicillin (see below).

Treatment
Management of acute rheumatic fever

 O Eradicate streptococcal infection (give oral penicillin V 
10–12.5 mg/kg/dose (maximum dose 500 mg) three 
times a day for 10 days).

 O Commence aspirin 90–120 mg/kg a day in four divided 
doses after food. Monitor serum salicylate levels (the opti-
mal level is 15–25 mg/dL). Reduce the dose to two-thirds 
of the original dose when there is a clinical response.

 O When the CRP and ESR decrease to normal levels, taper 
the aspirin dose over 2 weeks.

 O Give prednisolone 2 mg/kg/day (maximum 60 mg/day) 
in place of aspirin if there is moderate to severe carditis 
or pericarditis. 

 O If prednisolone is given, continue treatment for 3 weeks, 
and then taper the dose over a further 2–3 weeks. As 
the prednisolone dose starts to taper, commence aspirin 
50 mg/kg/day in four divided doses and stop aspirin 1 
week after prednisolone is stopped.

 O Treat heart failure as described in Section 5.4.B.
 O Urgent valve replacement is sometimes required.

The requirement for bed rest during the acute attack is con-
troversial; it is also very diffi cult to enforce on young children.

For arthralgia, give aspirin as described above or an 
NSAID (e.g. ibuprofen 30–60 mg/kg daily up to a maximum 
of 2.4 G in three to four divided doses after food). Naproxen 
at 20 mg/kg/day in two divided doses appears be a better 
alternative.

Treatment of streptococcal infection with IM benzylpeni-
cillin (1.2 million units as a single injection, often given as 
0.6 million units in each thigh) or a 10- day course of oral 
penicillin at high dose (12.5 mg/kg four times a day). Once 
there has been one episode of rheumatic fever a recur-
rence is likely. The recurrence risk is minimised by giving 
long- term penicillin prophylaxis, preferably for life. This is 
usually given as intramuscular injections of 1.2 million units 
of benzathine penicillin every 3 weeks (this drug must not 
be given IV). If oral penicillin is required, the highest dose 
generally recommended is 250 mg twice daily for all ages, as 
doses of oral penicillin in children below the age of 5 years 
need not be given because rheumatic fever does not occur 
in this age group. For patients who are allergic to penicillin, 
erythromycin in the same doses can be used.

For acute carditis, prednisolone given orally (2 mg/kg/
day) for 2–3 weeks or by intravenous infusion is effective.

Chorea may respond to haloperidol, 12.5–25 micro-
grams/kg twice daily (maximum 10 mg a day). Extrapyramidal 
side effects may occur. Chorea usually becomes less of a 
problem within a few weeks. 
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Vasculitis in children
Vasculitis in childhood may be primary, including Henoch–
Schönlein purpura, Kawasaki disease and the rare 
vasculitides, or secondary to multisystem connective tissue 
diseases, including juvenile dermatomyositis and systemic 
lupus erythematosus (SLE). In all of these diseases, skin 
manifestations are usually prominent, but the combination 
with other clinical features helps to ascertain the diagnosis.

Henoch–Schönlein purpura (HSP)
Presentation

 O Purpuric rash: a palpable purpuric rash is most com-
monly seen over the buttocks and around the ankles 
and legs. The purpura occurs in crops and may range 
from small petechiae- like lesions to large ulcerating 
ecchymoses. Oedema and urticaria may precede the 
purpura, particularly at the ankles, scrotum and face.

 O Gastrointestinal pain: abdominal pain is a prominent 
feature early in the disease, and is often accompanied 
by vomiting. Occasionally, frank gastrointestinal haemor-
rhage may occur.

 O Arthritis: this typically affects the large joints of the lower 
limb, especially the ankles. Ankle swelling may be diffi cult 
to interpret in the presence of tissue oedema. The joint 
pain is usually transient. Arthritis in HSP is never erosive.

 O Renal disease: haematuria and proteinuria are com-
mon manifestations of the disease, but are usually only 
detected on dipstick urine analysis. A small proportion 
of children (1–3%) may develop renal failure secondary 
to severe glomerulonephritis. Clinically signifi cant renal 
disease is uncommon below 5 years of age.

Treatment
Henoch–Schönlein purpura is usually a self- limiting disease, 
requiring supportive care and symptomatic treatment with 
simple analgesia only. If the abdominal pain is severe, 
prednisolone (1–2 mg/kg/day) for 1 week may be helpful.

Kawasaki disease
Kawasaki disease is characterised by a combination of 
most of the following features in a young child (usually less 
than 5 years old) who is extremely irritable.

 O Fever: an irregular spiking fever that persists for 
1–3 weeks despite antibiotics is characteristic during 
onset.

 O Skin involvement: rash is variable and polymorphic, 
ranging from diffuse erythema of the trunk and face 
to minimal macular lesions on the limbs. The rash in 
Kawasaki disease is never vesicular. Tissue oedema of 
the dorsal surfaces of the hands, feet and perineum is 
characteristic. These changes are followed within days 
to weeks by desquamation, usually of the fi nger and 
toe tips (periungual desquamation), but occasionally 
more widespread.

 O Mucositis and conjunctivitis: inflammation of the 
mucous membranes of the mouth and eyes results in 
a characteristic appearance of red eyes (conjunctival 
‘injection’ rather than conjunctivitis) and red swollen 
cracked lips.

 O Lymphadenopathy: this usually affects the cervical 
lymph nodes, often unilaterally.

 O Cardiac disease: myocarditis with heart failure or peri-
carditis is a rare but serious complication of Kawasaki 
disease. Coronary artery aneurysms may be present 

from early in the disease process. Clinical manifesta-
tions are relatively non- specifi c, but the two- dimensional 
echocardiography appearances are diagnostic of the 
condition. However, echocardiography may be com-
pletely normal in Kawasaki disease. 

 O It is important to exclude infections (e.g. measles, ade-
novirus or streptococci), as they may present in a similar 
manner, despite having distinct clinical characteristics.

Kawasaki disease is a rheumatological emergency. Delays 
in recognition and treatment of this condition can result 
in the development of coronary artery abnormalities with 
disastrous long- term consequences, including fatalities.

Treatment
 O Hospitalisation and monitoring of cardiac status.
 O Aspirin, 50–75 mg/kg/day in 4 divided doses after 

food until the acute infl ammatory phase of the disease 
settles, then 1–10 mg/kg/day (usually 3–5 mg/kg/day) 
(antiplatelet doses).

 O Intravenous gamma globulin 2 grams/kg immediately on 
diagnosis, if available. Every effort must be made to 
procure intravenous gamma globulin for the treat-
ment of these children, as this is the only effective 
therapy for Kawasaki disease. This treatment reduces 
the likelihood of coronary artery aneurysms if given as 
early as possible during the illness (several inexpensive 
brands of intravenous gamma globulin are now available 
in resource- limited countries).

 O Corticosteroids (e.g. prednisolone 1–2 mg/kg/day) may 
have a role in controlling the acute infl ammation of 
Kawasaki disease, but are generally not recommended. 

 O Follow- up clinical examination and echocardiogra-
phy (if available) is recommended at 6–8 weeks, as 
coronary artery aneurysms may appear after the initial 
presentation.

Juvenile idiopathic arthritis
Juvenile idiopathic arthritis is one of the more common 
physically disabling chronic diseases of children. The most 
prominent clinical features include joint swelling, restriction 
of joint movement, joint pain and tenderness at the joint 
margins, muscle wasting and any of the features men-
tioned below. The most common mistake is to diagnose 
arthritis in the absence of objective evidence of persistent 
joint swelling.

Diagnosis of juvenile idiopathic arthritis
All of the following four criteria are required:
1 The presence of arthritis, defi ned by swelling of a periph-

eral joint. Loss of joint range of movement and pain on 
movement are suffi cient for the defi nition of arthritis 
involving the hip or spine (in the absence of other causes 
for the pain).

2 Persistence of arthritis for more than 6 weeks. 
3 Onset of arthritis before the child’s 16th birthday.
4 The absence of any known cause for the arthritis.

Classifi cation and differential diagnosis 
There are a variety of different forms of juvenile idiopathic 
arthritis that are important to consider when advising on the 
prognosis and most appropriate treatment of the illness.

 O Arthritis affecting only a few joints: oligo- arthritis 
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carries the best prognosis; 30% of these children may 
have arthritis in adulthood.

 O Arthritis affecting many joints: polyarthritis is likely to 
persist into adulthood in 40% of cases.

 O Arthritis affecting few or many joints with prominent 
extra- articular features:

 — Systemic arthritis: with fever, rash, and enlargement 
of the liver, spleen and lymph nodes, Pericarditis and 
macrophage activation syndrome are life- threatening 
complications. Macrophage activation syndrome 
presents with persistent fever, encephalopathy, liver 
failure and clotting abnormalities and low platelet 
counts. The persistence of arthritis with this illness 
carries the worst prognosis: over 50% of these chil-
dren have arthritis as adults.

 — Psoriatic arthritis: often associated with a psoriatic 
rash, nail pitting and a family history of psoriasis. This 
has a similar outcome to polyarthritis.

 — Enthesitis- related arthritis: the clinical manifesta-
tions of enthesitis include pain, tenderness and 
occasionally swelling localised to the exact site of 
tendon insertion. Other features include back pain, 
red painful eyes and urethritis. There is a 60% risk of 
development of ankylosing spondylitis in adulthood.

Monitoring for complications and disease 
progress in juvenile idiopathic arthritis
There are several important complications of juvenile idi-
opathic arthritis, including joint failure, chronic anterior 
uveitis and local growth disorders, as well as the general 
complications of chronic infl ammatory disease in children, 
such as anaemia, fatigue, delayed puberty and growth 
failure. Three of these complications, namely joint failure, 
chronic anterior uveitis and growth disorders, will be dis-
cussed in more detail.

Joint failure 
 O Inability to walk without pain and stiffness.
 O Inability to write or perform activities of self- care without 

pain and stiffness.
 O The integrity of joint cartilage and bone density is affected 

from the onset of the disease.
 O If the infl ammation remains poorly controlled, destruction 

of cartilage, joint space narrowing and erosion of bone 
will result in permanent loss of joint function.

Differential diagnosis of juvenile idiopathic 
arthritis

 O Transient arthritides: irritable hip, reactive arthritis.
 O Septic arthritis and osteomyelitis, including 

immunodefi ciency.
 O Acute lymphoblastic leukaemia, neuroblastoma, 

lymphoma and local neoplasia.
 O Bleeding diatheses: haemophilia.
 O Haemoglobinopathies: thalassaemia, sickle- cell crisis.
 O Epiphyseal disorders: dysplasia, avascular necrosis, 

osteonecrosis, slipped upper femoral epiphysis.
 O Metabolic and endocrine disorders.
 O Traumatic joint disease, including non- accidental 

injury.
 O Hypermobility and inherited connective tissue diseases.
 O Systemic connective tissue diseases, including systemic 

lupus erythematosus, dermatomyositis and vasculitis.
 O Idiopathic musculoskeletal pain syndromes. 

 O Arthritis of infl ammatory bowel disease.

Note: diseases shown in bold type in the above list are 
emergencies, and require prompt expert management.

Initial minimal set of investigations for 
differential diagnosis

 O Full blood count, including white blood cell differential 
and platelet counts.

 O Plain radiographs of affected joints.
 O Synovial fl uid aspiration, microscopy and culture.
 O Blood culture.

Eye disease
 O Chronic anterior uveitis is typically insidious and asymp-

tomatic: all children with juvenile idiopathic arthritis (but 
especially those with oligo- arthritis) should undergo 
slit- lamp eye examination to detect cells in the anterior 
chamber and protein ‘fl are’. Delay in the diagnosis 
can lead to blindness.

 O Infl ammation is treated with ocular topical corticoster-
oids (hydrocortisone 1% eye drops or ointment 0.5%) 
three times daily and mydriatics (3 minutes after hydro-
cortisone) (atropine 0.5% eye drops or 1% ointment).

 O Severe chronic anterior uveitis may require systemic 
treatment with corticosteroids or methotrexate.

Growth disorders
 O Generalised growth failure may be due to inadequate 

energy intake (chronic infl ammatory disease increases 
energy demands) or the adverse effects of medication. 
It is usually treated with dietary energy supplements.

 O Local growth disturbance: bony overgrowth of the knee 
with an increase in leg length, sometimes with a valgus 
knee deformity. Arthritis of the small joints of the hands 
is likely to cause premature fusion of the epiphyses and 
reduced growth of the affected fi ngers.

Treatment of juvenile idiopathic arthritis
 O The fi rst priority is to exclude the differential diagnoses, 

especially the emergencies of septic arthritis, acute 
lymphoblastic leukaemia or other malignancies, and 
non- accidental injury. Septic arthritis will require large 
doses of intravenous antibiotics (see Section 5.17).

 O The effective treatment of juvenile idiopathic arthritis usu-
ally requires a team of trained healthcare professionals, 
including therapists and medical staff.

 O Education of the patient and family is important, espe-
cially concerning the risks and benefi ts of all treatment 
and the natural history of the disease.

 O Physiotherapy, hydrotherapy and occupational therapy 

TABLE 5.13.A.2 Important sites of joint contracture

Joint affected Type of 
contracture

Consequence of 
contracture

Tibio- talar gait Plantar fl exion Circumduction or high- 
deformity stepping

Knee Flexion Quadriceps wasting, 
limping gait

Hip Flexion Limited ‘swing- phase’ gait

Wrist Flexion Poor writing

Neck Flexion Poor neck rotation
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work together to maintain joint function and muscle bulk, 
correct joint deformities and rehabilitate affected joints.

 O Drug treatment should begin as soon as the diagnosis 
is made, with the following:

 — Non-steroidal anti-infl ammatory drugs (NSAIDs): 
Give ibuprofen up to 60 mg/kg/day up to a maximum 
of 2.4 g in three or four divided doses after food. 
Naproxen at 20 mg/kg/day in two divided doses is 
possibly a better alternative. Avoid using more than 
one NSAID at a time.

 — Intra- articular corticosteroids: Strict aseptic condi-
tions, no- touch technique, appropriate sedation, 
and local or general anaesthetic must be given. 
Triamcinolone hexacetonide is the most effective 
steroid, at a dose of 1 mg/kg/large joint (e.g. knee, 
hip or shoulder) or 0.5 mg/kg/small joint (e.g. ankle, 
wrist or elbow). This technique requires an experi-
enced operator.

For children with polyarthritis or systemic arthritis, in addition 
to the above, the following should be considered:

 O Methotrexate: Begin with 500 micrograms/kg/week 
(up to 15 mg/week) starting dose, given orally 1 hour 
before food, and increased if necessary by 2.5 mg 
every month until 1.0 mg/kg/week (maximum 30 mg/
week). Alternative dosage is 10–15 mg/m2 once weekly 
starting dose and increased if necessary to a maximum 
dose of 25 mg/m2 once weekly (see Section 9 for chart 
showing how to calculate m2 from weight). The drug 
may be given by subcutaneous injection in severe cases. 
The patient should be monitored monthly for cytopenia 
(with full blood counts) and liver function abnormalities. 
Administration is sometimes accompanied by nausea, 
a side effect that can be improved with folic acid 1 mg 
once daily (not on the day of methotrexate treatment, 
but beginning the day after the methotrexate dose).

 O Intravenous methylprednisolone: This may be needed 
for severe disease fl ares or for complications such as 
pericarditis. Give 30 mg/kg/dose (maximum dose of 
1 gram) once a day for 3 days by slow intravenous 
infusion over a 2-  to 3- hour period. Blood pressure moni-
toring for acute hypertension during the administration 
of this medication should take place every 30 minutes.

 O Sulphasalazine: Begin with 12.5 mg/kg/day for the 
fi rst week, increasing by 12.5 mg/kg/day each week 
until the maximum dose of 50 mg/kg/day in two divided 
doses is reached, or until adverse drug reactions occur. 
These may include a rash, nausea, abdominal pain and 
pancytopenia. Monitoring with 2-  to 3- monthly full blood 
counts is a sensible precaution.

 O More recently, a new group of drugs have been devel-
oped which appear to slow the progress of disease in 
some patients. They work by opposing tumour necrosis 
factor alpha, which contributes to cell damage, and are 
immunosuppressants. They include etanercept and 
infl iximab. These drugs are currently very expensive.

Paediatric systemic lupus 
erythematous (SLE)
Pattern of clinical features in SLE
There is a malar rash and erythema of the hard palate 
with hair loss in a child with multiple constitutional 
symptoms.

Childhood SLE tends to be more severe than its adult 
counterpart, with a higher frequency of renal, neurological 
and haematological involvement. The clinical features are 
varied and wide- ranging (it has surpassed syphilis as the 
great imitator of signs and symptoms), but the more com-
mon presentations include the following:

 O Non- specifi c constitutional symptoms: fever, fatigue 
and weight loss.

 O Skin rash: malar erythema or discoid rash with photo-
sensitivity. Erythema of the hard palate is common and 
specifi c. Occasionally oral or nasal ulcerations occur. 

 O Haematological cytopenias: anaemia, thrombocyto-
penia, lymphopenia and leukopenia.

 O Arthritis: painful non- erosive arthralgias and overt 
arthritis.

 O Renal disease: commonly nephrotic syndrome (pro-
teinuria > 0.5 grams/day) with cellular casts. This is 
occasionally the sole presentation in paediatric SLE. 

 O Neurological disease: ranging from seizures to psy-
chosis to chorea. 

 O Endocrine abnormalities: diabetes, autoimmune thy-
roid dysfunction, delayed menarche, lowered male virility, 
and reduced growth and bone mass.

 O Positive immunoserology (where available): 
antinuclear antibody, anti- double- stranded DNA anti-
bodies, antiphospholipid, anticardiolipin and lupus 
anti- coagulant antibodies. 

Treatments
 O The first step is to rule out other conditions which 

can mimic SLE, such as infection, malignancy, post- 
streptococcal nephritis, other rheumatic diseases and 
drug- induced lupus- like syndromes.

 O For mild musculoskeletal disease, NSAIDs (e.g. ibupro-
fen 20–40 mg/kg/day in three daily doses) are effective. 

 O For rapid control of acute moderate- to- severe disease, 
glucocorticoids (e.g. prednisone up to 2 mg/kg per day) 
are useful, tapering rapidly to the lowest tolerated dose. 

 O Hydroxychloroquine (5–7 mg/kg/day) is now a standard 
adjunctive therapy for limiting joint, skin and constitu-
tional symptoms. 

 O Immunosuppressive agents (e.g. azathioprine, cyclo-
phosphamide, mycophenolate mofetil) are useful 
additions in moderate to severe disease. 

 O Other general health measures that need to be consid-
ered include the following:

 — Bone health: weight- bearing exercises with calcium 
and vitamin D supplementation. 

 — Cardiovascular health: education on modifi able risk 
factors for atherosclerosis, together with advice on 
reducing weight, smoking and cholesterol. 

 — Health education (regarding vaccination, sun protec-
tion, dietary advice, exercise and reproductive health) 
and psychological support. 

 O Routine 2-  to 3- month follow- up is necessary to monitor 
for complications. This should involve full blood count, 
renal and liver profi les, ESR, urinalysis, and urine:protein 
creatinine ratio, together with complement and anti- 
dsDNA antibody levels. 

Juvenile dermatomyositis (JDM)
Pattern of clinical features in JDM
There is erythema over the face, shawl area, knuckles 
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and knees, associated with proximal muscle weakness 
(which may be subtle). 

Juvenile dermatomyositis is the most common infl am-
matory myopathy of childhood, and the diagnosis is based 
on the following criteria:

 O Muscle weakness: a symmetrical, usually progressive 
weakness affecting proximal muscles. 

 O Skin rash: erythematous rashes occurring over the 
face or extremities, heliotrope rash over the eyelids, 
and Gottron’s papules over extensor joint surfaces. 
More severe complications include skin ulceration and 
calcinosis at pressure points, causing functional dis-
abilities. Capillary loop abnormalities seen proximal to 
the cuticles with an auroscope are a very characteristic 
sign if present. 

 O Laboratory evidence of muscle disease: this can 
include increased activity of muscle enzymes in the 

blood (creatine kinase, lactate dehydrogenase, transam-
inases), or results from more invasive tests, such as 
muscle biopsy or electromyography (if available). 

Treatment
 O High- dose corticosteroids are the standard treatment, 

namely early IV methylprednisolone 30 mg/kg per day 
(maximum 1 gram daily) with or without low- dose daily 
oral corticosteroid (500 micrograms/kg per day).

 O It can be useful to add methotrexate (15 mg/m2/week 
orally or subcutaneously) as a steroid- sparing agent and 
intravenous immunoglobulin in resistant cases (where 
available). 

 O Skin disease may also be helped by routine photopro-
tective agents and topical corticosteroids or tacrolimus. 

 O Physiotherapy and aerobic exercise are helpful for 
improving function and strength. 

TABLE 5.13.A.3 Differential diagnosis of childhood idiopathic infl ammatory myopathies

Weakness alone Weakness with or without rash Rash alone

Muscular dystrophies (e.g. Duchenne’s, limb- girdle) Viruses (enterovirus, infl uenza, coxsackie, echovirus, polio) Psoriasis

Metabolic myopathies (e.g. glycogen-  or lipid- storage 
disorders)

Bacterial (Staphylococcus, Streptococcus, Lyme disease) Eczema

Endocrine myopathies (hypothyroidism, hyperthyroidism, 
Cushing’s syndrome, diabetes mellitus)

Parasitic (toxoplasmosis, trichinosis) Allergy

Drug- induced myopathies (e.g. glucocorticoids, 
hydroxychloroquine, growth hormone)

Other rheumatic conditions (SLE, mixed connective 
tissue disease, scleroderma, juvenile idiopathic arthritis, 
vasculitis)

Neurological (myasthenia gravis, spinal muscular 
atrophy)

Other infl ammatory conditions (coeliac disease, 
infl ammatory bowel disease)

5.14 Cancer in children

BOX 5.14.1 Minimum standards 
 Q Local enthusiastic clinical lead.
 Q Supporting team of doctors and nurses.
 Q Basic diagnostic pathology and imaging (X- ray and 

ultrasound).
 Q Centre with provision for some chemotherapy and 

surgery.
 Q Access to antibiotics.
 Q Access to blood products.
 Q Access to palliative care drugs (see Section 1.16).

Ideal extra requirements
 Q Imaging with computed tomography (CT) scan.
 Q Access to radiotherapy.
 Q Indwelling long- term vascular access.

Introduction
 O More than 85% of all newly diagnosed children with 

cancer and 95% of deaths in children with cancer 
occur in low-  and middle- income countries.

 O With an increasing global population, principally in 
resource- limited countries, the number of children will 
continue to increase both in terms of absolute numbers 
and proportionally in these countries.

 O As malnutrition and infection decline, particularly in 
young children, the worldwide contribution to mortality 
from cancer will increase.

 O Only a limited proportion of all children with can-
cer in resource- limited countries receive curative 
therapy, and most do not even receive any form of 
palliative care.

 O A child diagnosed with cancer who lives in one of 
the poorest countries has an 80% probability of 
dying, compared with less than 30% in the most 
well- resourced countries (see Figure 5.14.1).
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Epidemiology
Globally, the reported incidence rate of cancer in children 
(aged < 15 years) ranges from 80 to 150 per million per year. 
Boys are around 20% more likely to develop cancer overall 
than girls. However, there are some differences between 
resource- limited and resource- rich countries. The inci-
dence rates in children from low-  and middle- income 
countries are towards the lower end of the range, 
which may partly be due to both under- diagnosis and 
under- reporting. The ratio of boys to girls registered 
with childhood cancer increases with decreasing gross 
domestic product and with increasing infant mortality, 
suggesting a gender bias in diagnosing and registering 
cases in some resource- limited countries.

There are clear variations in the incidence of different 
childhood cancers around the world – for example, a 
reported excess of retinoblastoma in India, Pakistan and 
sub- Saharan Africa. It is likely that some of this ‘excess’ is 
due to better diagnosis and recognition of retinoblastoma, 
which once at an advanced stage is easy to identify. On 
the other hand, the incidence of brain tumours and neuro-
blastoma is generally lower in resource- limited settings, and 
this may be due to varying levels of case ascertainment. 
In many countries, most noticeably those in sub- Saharan 
Africa, the HIV pandemic has been associated with a 
signifi cant increase in cancers such as Kaposi’s sarcoma 
and other tumours. 

The cause of the majority of childhood cancers is 
unknown. Most cancers probably result from the interac-
tion of environmental factors with a genetic predisposition. 
For example, African Burkitt lymphoma is related to infec-
tion with the Epstein–Barr virus (EBV) very early in life, 
with persistence of induced genetic rearrangements 
within B lymphocytes. However, the widespread use of 
medicinal plants which may increase the likelihood of cell 
transformation by EBV, chronic malnutrition that induces 
immunosuppression, and frequent infections that cause 
B- cell proliferation are all likely aetiological factors.

Problems of treating children with 
cancer in resource- limited countries
The problems listed below are not exclusive to resource- 
limited countries, and not mutually exclusive (i.e. many 
factors interact, compounding the diffi culties in treating 
cancer).

 O Poverty: national, regional, local and personal. This is 
often associated with low government expenditure on 
healthcare, absence of social care, and lack of insurance 
for medical illnesses.

 O Lack of suitable treatment centres and training 
programmes. Existing centres lack trained staff and 
resources.

 O Lack of trained staff, especially nurses, but also lack 
of surgeons, pathologists and paediatricians (especially 
paediatric oncologists).

 O Healthcare professional resources
Staff morale problems (see Section 1.1)
Low morale may be due to low wages, overwork and 
dirty crowded conditions, compounded by too many 
patients and by becoming accustomed to low patient 
survival rates. Solutions may include better training and 
remuneration, better working and living conditions, and 
making staff feel valued.

It is important that all healthcare professionals rec-
ognise that nursing care is fundamental. Nurse bonus 
schemes for work effectively performed can be helpful 
(e.g. IV antibiotics and chemotherapy correctly admin-
istered for all patients).

Nurses often rotate every few months between 
departments. Try to ensure that, for paediatric oncology, 
a cohort of nurses remains permanently on the ward, as 
much of the work is very specialised (e.g. chemotherapy 
administration).

Paediatric oncologists 
An effective service needs good leadership in a major 
centre. This can develop the service through training 
and the development of fellowship programmes. There 
can be support from overseas experts, perhaps with 

FIGURE 5.14.1 Correlation between annual government healthcare expenditure (US$) per capita and childhood cancer survival (From 
Ribeiro RC, Steliarova- Foucher E, Magrath I et al. (2008) Baseline status of paediatric oncology care in ten low- income or mid- income 
countries receiving My Child Matters support: a descriptive study. Lancet Oncology. 9: 721–9.). Reproduced with permission from 
Macdonald S, Magill-Cuerden J (ed.) Mayes’ Midwifery: a textbook for midwives. Elsevier Health Sciences; 2010. © Elsevier
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‘twinning’ of hospitals from a well- resourced country to 
share decision making on complex cases and to sup-
ply visiting experts. Much useful work can be done in 
oncology with email and web conferencing to facilitate 
knowledge sharing in both directions. As there is an 
increase in the number of trained and training staff, 
round- the- clock expertise in paediatric oncology can be 
achieved with the development of on- call rotas.

 O Late presentation 
 — Patients’ families are often very poor.
 — They may present to traditional healers fi rst, leading 
to a delay in diagnosis and referral.

 — They often cannot afford transport.
 O High cost of treatment

 — Expensive cytotoxic agents, counterfeit medications, 
quality control problems, cold chain diffi culties (e.g. 
asparaginase is an enzyme and must be kept cool), 
restrictions (e.g. on oral morphine).

 — Cost of diagnostic imaging and pathology.
 — Cost of supportive care: antibiotics and other antimi-
crobials, blood products.

 — Cost of caring for critically ill children: high- 
dependency/intensive care, postoperative care.

 O There is a need for multiple support networks and 
institutions to develop the paediatric oncology service 
in the face of the poverty that causes the above prob-
lems. These will include individuals and their families, 
non- governmental organisations (NGOs), corporate 
business, public social responsibilities, twinning, and 
public private–partnership. Government involvement 
is vital. 

 O Inadequate provision of analgesics and other drugs 
 — For all patients, and especially where cure is not 
possible, palliative care is a vital part of oncology 
treatment. Analgesics play a large part in supportive 
care and procedural sedation and analgesia, as well 
as in palliative care. The lack of these drugs is often 
coupled with a poor understanding and awareness 
of pain management in healthcare professionals. 

 O There is often an interrupted supply and insuffi cient 
quality control of all drugs.

 O Comorbidities
 — There is often a high prevalence of co- infections, 
malaria, anaemia, helminths and malnutrition which 
can confound the diagnosis and cause decreasing 
tolerance of cytotoxic therapy.

 O Untimely and inappropriate cessation of treatment 
(i.e. abandonment of treatment)

 — A lack of education and knowledge about uncom-
mon diseases among families, communities and 
healthcare workers leads to a lack of understanding 
of the need for treatment. 

 — There is then a lack of fi nancial and social support as 
treatment is lengthy and the parent has to stay with 
the child in hospital. This makes it diffi cult to look 
after other children at home, and to work, leading to 
loss of employment.

 — Traditional beliefs include unrealistic preconceptions 
about cancer and reliance on traditional medicines. 
In Swahili, ‘the never healing sore’ refers to the fact 
that there is no expectation of cure, and therefore no 
point in treatment. 

 — Adolescents frequently treated on adult wards.
 — Patients may be left on wards for months because of 

a lack of diagnostic facilities (e.g. children with brain 
tumours or osteosarcomas). It is important to search 
the wards for such patients and to alert colleagues 
to refer children to an oncologist where the diagnosis 
is unknown.

 O Impact on family structure
 — The loss of parental income may result in disrup-
tion and potential disintegration of the family, and at 
the very least to a change in family roles, especially 
where both parents need to work to maintain the 
family income.

Management of children with cancer in 
resource- limited countries
The following principles and practices should guide the 
management of children with cancer in resource- limited 
settings.

 O Engage in twinning – that is, developing a link between 
a treatment centre in a resource- limited country and 
one in a resource- rich country, with the objective of 
sharing professional and technological expertise along 
with other resources.

 O Initially, target curative treatment for cancers that are 
common and have a relatively good prognosis. When 
curative treatment is not an option or is not offered, it is 
essential to provide palliative care to reduce suffering. 
Both curative and palliative care must be seen as 
active forms of therapy.

 O If curative treatments are to be undertaken, then 
whenever possible they should be given in a specialist 
children’s cancer centre (see below). There is potential 
for greatly increasing suffering by only offering ‘half treat-
ment’ of cancer for children. It has to be done fully and 
professionally, or alternatively the child must be given 
palliative care (see Section 1.16).

 O Adapt treatment protocols in accordance with local infra-
structure and facilities, maintaining a balance between 
treatment response and cure on the one hand and 
treatment toxicity and mortality on the other. 

 O Take steps to ensure compliance with and completion 
of treatment. Anticipate abandonment of treatment, and 
address the causes, which vary from country to country.

 O Maintain a database of patients using free resources 
such as POND4kids (www.pond4kids.org).

 O Engage in the education and training of healthcare 
professionals, including nurses and doctors, by using 
free resources such as cure4kids (www.cure4kids.org) 
as well as conducting in- house workshops.

 O Aim to be part of regional, national and international col-
laborative groups to derive benefi t from shared expertise 
and uniformity of treatment and supportive care. 

 O Develop parent support groups and provide resources 
for food, lodging and transport.

In countries where there is an improving infrastructure, the 
following cancers may have a good or reasonable chance 
of cure:

 O Standard- risk acute lymphoblastic leukaemia: chil-
dren aged 2–10 years, with a white blood cell count of 
< 50 × 109/litre, may have a reasonable chance of cure 
with induction chemotherapy (vincristine, prednisolone, 
asparaginase) followed by maintenance chemotherapy 
as described below without the use of intensifi cation 
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modules. However, CNS- directed therapy with cranial 
radiotherapy plus limited intrathecal methotrexate 
or intrathecal methotrexate throughout therapy is 
required in all cases. 

 O Hodgkin’s disease: chlorambucil, vinblastine, procar-
bazine, prednisolone (ChlVPP) or mustine, vinblastine, 
procarbazine, prednisolone (MVPP) – six to eight 
courses.

 O Burkitt’s lymphoma: single- agent cyclophosphamide 
with intrathecal methotrexate and hydrocortisone. 
Alternatively, cyclophosphamide, vincristine, meth-
otrexate, prednisolone (COMP) chemotherapy with 
intrathecal methotrexate and hydrocortisone.

 O Non- Burkitt/non- Hodgkin’s lymphoma: early stage – 
surgery plus COMP or cyclophosphamide, Adriamycin, 
vincristine, prednisolone (CHOP).

 O Brain tumours:
 — Resectable low- grade gliomas: surgery alone.
 — Medulloblastoma and ependymoma (resectable/
non- metastatic): surgery followed by radiotherapy.

 O Retinoblastoma: enucleation (radiotherapy in some 
cases).

 O Neuroblastoma (stage I and II): surgery alone.
 O Wilms’ tumour:

 — Stage I: surgery plus 10 doses of vincristine (at weekly 
intervals).

 — Stage II (and possibly stage III): surgery plus vincris-
tine/actinomycin for 6 months.

 O Resectable embryonal rhabdomyosarcoma (cer-
tain sites): surgery plus vincristine/actinomycin D (four 
courses).

 O Germ- cell tumours:
 — Mature and immature teratoma: surgery alone.
 — Malignant germ- cell tumours (stage I): surgery 
alone.

Specialist cancer centres or units
Establishment

 O Specialist cancer centres or units, and the use of stand-
ard treatment protocols (discussed below), have both 
been fundamental to the ever- improving survival of 
children with cancer in resource- rich countries.

 O Cancer is a relatively rare disease and its treatment is 
usually complex.

 O Management requires a dedicated and experienced 
multidisciplinary team.

 O Every country should aim to have at least one ade-
quately equipped and funded centre, and then 
develop shared care or a satellite centre.

Advantages of a specialist children’s cancer 
centre or unit

 O Development of medical, nursing and paramedical 
expertise.

 O Improved supportive care, including pain relief for 
children.

 O Facilities to protect cancer patients from other children 
suffering from contagious diseases.

 O Opportunities for training and retention of staff, leading 
ultimately to accreditation as a principal care centre in 
paediatric oncology.

 O Improved support, education and counselling of affected 
children and their families.

 O Stimulus for the development of similar units in the same 
part of the world.

 O Improved opportunities for research, including the devel-
opment of treatment protocols relevant to the particular 
region or country.

 O Development of links with national and international 
oncology units and organisations.

Requirements of a specialist children’s 
cancer centre or unit

 O Dedicated paediatric oncologist(s) and nursing staff 
supported by nutritionists, psychologists and social 
care workers.

 O General surgeon and neurosurgeon trained in paediatric 
surgery.

 O Access to radiotherapy and services of a radiotherapist.
 O Blood and platelet banking facilities.
 O Pathologist with experience of paediatric tumours with 

adequate histology and cytology facilities (immunohis-
tochemistry is desirable; this can be in a centralised 
laboratory if it provides a service for more than one 
centre or country).

 O Haematology, biochemistry and microbiology laborato-
ries with good quality control.

 O Diagnostic imaging: X- ray, ultrasound; CT imaging is 
desirable, especially for brain tumours. Families may 
have to pay for these, which is often a limiting factor 
that determines whether a child is diagnosed and 
treated properly. Fine- needle aspiration is important, 
as are lumbar punctures performed under appropriate 
analgesia and sedation.

 O It is vital to have good supportive care, including regular 
supplies of medication, good stock- keeping and drug 
ordering (ensure that drugs are not stolen and sold on 
the ‘black market’), IV fl uid management systems to 
avoid tumour lysis syndrome, and good post- operative 
care.

 O Adequate bed capacity. Most units are constantly 
overcrowded, with two patients per bed, and as units 
develop it is essential to build the capacity to cope with 
increasing numbers of patients.

 O Computer facilities with Internet connections (for emailing 
to the link centre, Medline searches, patient database).

 O Active involvement in auditing practice and participating 
in research.

Above all, there must be a keenness of all staff to work 
together to learn and make the unit successful.

Centre or unit database
All centres or units should keep a record of treatment, 
including details of patient demographics, diagnosis, treat-
ment, side effects and survival. This will aid the identifi cation 
of specifi c problems, the development of more effective 
treatment protocols for treatment and supportive care, 
and overall healthcare planning and development. The 
availability of free online and electronic resources such 
as POND4kids (www.pond4kids.org) makes this feasible.

Links with other centres or units and 
organisations
Provision should be made for communication and trans-
portation for patients from remote areas. Satellite or 
shared- care centres can be developed by linking with 
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healthcare facilities in other areas so that appropriate care 
can be continued (e.g. district hospitals).

Links with centres or units in resource- rich 
countries (twinning)
Links with an established unit in resource- rich countries 
can have the following advantages:

 O sharing information and experience on how to raise 
awareness of cancer and reduce delays in diagnosis

 O helping to speed up diagnosis and make it more precise
 O development of locally affordable supportive, palliative 

and curative care guidelines
 O helping to train and retain staff
 O helping to create patient data registration
 O help to develop long- term sustainability
 O providing support and advice for diffi cult problems (e.g. 

by email or web conferencing) 
 O pathology samples can be couriered for more complex 

testing (e.g. for immunophenotyping, special staining, 
VMMA, etc.)

 O research collaboration.

In addition, links with international organisations are to be 
encouraged – for example, with the International Society 
of Paediatric Oncology (SIOP).

Principles of the curative treatment of 
children with cancer as undertaken in a 
specialised unit or centre
Diagnosis

 O A complete history and examination.
 O Investigations to confi rm histology, determine the extent 

of the tumour (staging) and identify any tumour- related 
toxicity (e.g. disturbance of renal, liver and/or bone- 
marrow function).

Imaging
 O To defi ne the dimensions of the primary tumour and to 

determine the degree of tumour spread (staging).
 O Good plain posterior–anterior and lateral chest X- rays 

are generally adequate for chest imaging, while CT scan 
of the chest may be more defi nitive if it is available.

 O Ultrasonography affords good visualisation of the abdo-
men and pelvis, although CT of the abdomen and 
pelvis may have advantages over ultrasonography 
in some patients.

 O Intravenous urography and cavagrams may also be 
useful in patients with abdominal tumours.

 O For the brain, CT scanning is a necessary part of inves-
tigation and management. MRI of the brain has 
advantages over CT, but the availability of this tech-
nique is very limited.

 O Nuclear imaging can further assist in accurate 
staging (e.g. technetium bone scan for bone and 
soft tissue sarcomas, and metaiodobenzylguani-
dine (MIBG) scan for neuroblastomas).

Biochemical markers
These are useful in the diagnosis of a limited number of 
tumours (e.g. urinary catecholamines in neuroblastoma, 
and serum alpha- fetoprotein in hepatoblastoma and germ- 
cell tumours).

Pathology
 O Good histopathology is essential for the individual, and 

is the only way to compile accurate incidence fi gures 
and survival data and to identify favourable histological 
subgroups.

 O Close involvement of the pathologist is needed before 
biopsy or surgery so that the surgeon can obtain an 
optimal specimen in the right fi xative.

Multidisciplinary team meetings 
Following initial clinical assessment and investigation, all 
children with cancer should ideally be discussed at regu-
lar multidisciplinary team meetings that may include the 
oncologist, radiologist, surgeon and radiotherapist. Such 
discussions are also recommended at the time of signifi cant 
events during treatment (e.g. progression or relapse). This 
ensures that the child benefi ts from the collective knowledge 
of the treating team and there is consistency in treatment. 
However, this can be diffi cult as staff will be very busy and 
may require extra funding.

Treatment protocols
 O Each unit should use a standard protocol for each 

tumour type, with the necessary variations for tumour 
stage.

 O Protocols should be based on established and effective 
protocols used by national and international groups.

 O Protocols may require modification based on the 
resources, drug availability, cost and the level of sup-
portive care that can be provided by the unit.

 O Such protocols are currently being developed by the 
SIOP Paediatric Oncology in Developing Countries 
(PODC) Graduated Intensity Treatment Guidelines 
Working Group. The fi rst such protocol for acute lym-
phoblastic leukaemia was recently published.

Chemotherapy
 O Late diagnosed childhood malignant tumours are almost 

always disseminated, requiring treatment with systemic 
chemotherapy.

 O Cytotoxic drugs prevent cell division by a variety of 
mechanisms.

 O Although occasionally single- agent therapy is given (e.g. 
for stage I Wilms’ tumour), the great majority of treatment 
protocols employ a combination of drugs used syner-
gistically to produce maximal cell kill with acceptable 
toxicity, and to prevent tumour cell resistance.

Surgery
 O This is important both for obtaining diagnostic material, 

and as local therapy to reduce tumour bulk. Surgeons 
should be specially trained and have experience in 
oncology.

 O It is preferable for surgeons to have received specifi c 
training in operating on children and in tumour surgery.

 O Operating facilities must be of high quality to reduce 
the risk of infection.

 O There must be adequate support from blood transfu-
sion services.

 O Several treatment protocols use pre- operative chemo-
therapy, which may reduce tumour size, and thus reduce 
peri- operative risks.
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Radiotherapy
 O Radiotherapy is used to treat regional tumour extension, 

including nodal disease, and as part of local tumour con-
trol to eradicate local residual microscopic (or sometimes 
macroscopic) disease following surgery.

 O It has a particular role to play in certain brain tumours, 
and may also be used as curative therapy in early- stage 
Hodgkin’s disease.

 O It is also frequently used in the management of bone 
and soft tissue sarcomas and in the prevention of overt 
central nervous system disease in acute lymphoblastic 
leukaemia.

 O Megavoltage machines have advantages over the older 
orthovoltage therapy in giving a more controllable beam 
and avoiding damage to skin and overlying tissues when 
administered to deep tissues.

 O The whole of the original tumour volume is generally 
irradiated, plus a safety margin (usually 1–2 cm) of sur-
rounding normal tissue.

 O The combination of chemotherapy and radiotherapy 
can increase late local effects and should be avoided 
whenever possible.

Procedures
Bone- marrow aspiration

 O This is needed in the diagnosis of leukaemia and lym-
phoma, and also to identify any bone- marrow infi ltration 
with solid tumours such as neuroblastoma.

 O It is a painful procedure and must be done under 
analgesia and sedation (e.g. ketamine 2 mg/kg) (see 
Section 1.15 and Section 1.24) along with infi ltra-
tion of the skin and subcutaneous tissues down to 
periosteal level with a local anaesthetic.

 O Aspiration is preferably performed from the posterior 
iliac crest, but can also be taken from the anterior crest.

Lumbar puncture
 O This is needed in the diagnosis of malignant meningitis, 

especially with leukaemia and lymphoma, but also in 
certain brain tumours (e.g. medulloblastoma) and other 
solid tumours, particularly those affecting the head and 
neck.

 O Lumbar puncture is a painful procedure, and in 
children should be done under analgesia and seda-
tion along with local anaesthetic wherever possible 
(especially if multiple lumbar punctures are needed).

Venous access
 O Venepuncture for administration of chemotherapy and 

blood sampling is painful and especially diffi cult in the 
young child (analgesia and sedative cover may be 
needed).

 O Repeated venepuncture results in loss of venous access 
due to venous thrombosis, and may signifi cantly com-
promise therapy.

 O Several agents, especially vinca alkaloids, are extremely 
damaging to tissues when extravasated.

 O Short- term percutaneous placement of medium- length 
or long lines under local anaesthetic may provide an 
alternative means of venous access.

 O The placement of a long- term central venous cath-
eter (e.g. Broviac line, Hickman line) (if available) 
can be considered in children receiving intrave-
nous chemotherapy. It should be placed by an 

experienced surgeon, and its use is associated with 
an increased risk of infection, particularly from skin 
organisms such as staphylococci.

Psychological support
Cancer and its treatment are frightening experiences for 
many patients, and every attempt should be made to 
reduce the child’s fears. An explanation of the diagnosis 
and treatment, including the likely outcome, should be 
given in clear understandable terms to the child’s family 
and also to the affected child or young adult wherever 
appropriate. Such information is best delivered over more 
than one conversation, allowing the family to understand it 
and come back to ask questions. 

All aspects of treatment and associated side effects 
should be clearly explained, including details of supportive 
care, such as infection control, the importance of seeking 
a healthcare worker if a fever develops, mouth care, 
pain relief, care of lines, and procedures, such as surgery, 
bone- marrow aspirate and lumbar puncture. These con-
versations need to continue throughout treatment, thus 
establishing a relationship with the child and their family. 
The family must always be fully involved in the patient’s care 
(e.g. by donating blood when it is needed). Parents want 
their child’s doctor to focus on a potential cure and relief of 
symptoms, and then they can have faith in the doctor and 
derive hope for the future.

Side effects of the disease and/or its 
treatment

TABLE 5.14.1 General side effects of chemotherapy

Acute effects
Bone- marrow suppression

 O Infection
 O Bleeding
 O Anaemia

Nausea and vomiting

Mucositis

Alopecia

Fatigue and cachexia

Tumour lysis syndrome

Late effects
Infertility

Secondary malignancy

TABLE 5.14.2 Specifi c side effects of chemotherapy

Neurotoxicity Vincristine (muscle weakness due to 
peripheral neuropathy, constipation, 
rarely encephalopathy)

Cardiomyopathy Doxorubicin/daunorubicin

Respiratory system Bleomycin

Urinary tract Cisplatin (renal), ifosfamide (renal and 
bladder), cyclophosphamide (bladder)

Liver Thioguanine, actinomycin D

Hearing Cisplatin

Infection
 O Neutropenia, both at diagnosis in leukaemia and follow-

ing most chemotherapy, produces a risk of signifi cant 
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bacterial and fungal sepsis derived from the patient’s 
own fl ora when the neutrophil count is < 1.0 × 109/litre, 
and particularly when it is < 0.2 × 109/litre.

 O The greatest risk is from Gram- negative bowel organisms 
such as E. coli, Proteus, Klebsiella and Pseudomonas.

 O Gram- positive organisms from the skin and mucosal 
surfaces, especially staphylococci, may also cause 
signifi cant morbidity.

 O Life- saving measures include identifi cation of those at 
risk, close observation, and the empirical administration 
of intravenous antibiotics to patients with a neutrophil 
count of < 1.0 × 109/litre who develop fever (e.g. > 38°C 
for 2 hours or > 38.5°C on one occasion).

 O The antibiotic regimen should be determined by each 
centre depending on the prevailing fl ora and the cost 
and availability of antibiotics.

 O First- line therapy for febrile neutropenia should generally 
be with a combination of a broad- spectrum beta- lactam 
antibiotic and an aminoglycoside.

 O If the temperature fails to remit, or if Gram- positive 
organisms are isolated, therapy with vancomycin or 
teicoplanin is recommended.

 O For microbiologically proven septicaemia, antibiot-
ics should be given for 5–7 days, the choice of drug 
depending on the antibiotic sensitivity of the isolated 
organism.

 O Newer very broad- spectrum antibiotics, such as the 
carbapenems and quinolones, are best avoided as they 
are expensive and may promote fungal colonisation and 
bacterial resistance if commonly or repeatedly used.

 O If systemic fungal infection is proven or suspected (e.g. 
if fever fails to remit after 4–5 days of antibiotics), then 
intravenous amphotericin, despite its renal toxicity, is 
still the drug of choice and is widely available. Newer 
lipid- based formulations of amphotericin are less toxic 
but very expensive.

 O Pneumocystis carinii pneumonia, especially in patients 
with leukaemia, requires prophylaxis with co- trimoxazole 
(calculated as a dose of 150 mg/m2/day of trimethoprim 
given twice a week).

 O Viral infections are generally tolerated, but chickenpox 
and measles cause life- threatening infections in immu-
nosuppressed patients. Whenever possible, children 
must be isolated from direct contact with these infec-
tions. Immunoglobulin therapy, including zoster 
immune globulin, may be life- saving but is rarely 
available.

 O High- dose aciclovir is the treatment of choice for zoster 
infections, but is expensive and not yet widely available 
globally.

Bleeding and anaemia
 O Adequate blood banking facilities with availability of 

blood component therapy such as packed red blood 
cells and platelets (see Section 1.7) are a fundamental 
part of therapy. Red blood cell transfusion should be 
reserved for symptomatic anaemia, or when the hae-
moglobin falls to a very low level (e.g. < 6 grams/dL).

 O Platelets should be reserved for patients with fl orid 
petechiae or overt bleeding, or to cover procedures 
such as lumbar puncture, when a platelet count of > 40 
× 109/litre is essential.

 O Prophylactic platelet transfusions in response to specifi c 
platelet counts are not recommended.

 O In the presence of fever, bleeding may occur at higher 
platelet counts than would normally be expected.

Nausea and vomiting
 O Nausea and vomiting are a very unpleasant side effect 

of chemotherapy and can lead to poor compliance with 
therapy and additional complications, such as metabolic 
disturbance, dehydration and oesophageal tears.

 O Chemotherapeutic agents vary in their potential to 
produce vomiting, from very low (e.g. vincristine and 
etoposide) to very high (e.g. cisplatin). Anti- emetic 
therapy should be given wherever possible, preferably 
prophylactically, but certainly to patients with established 
retching and vomiting.

Anti- emetic agents
 O Metoclopramide: this is effective in high dose, but 

a greater risk of extrapyramidal side effects exists 
in children. Give 100 micrograms/kg for 1/12 to 1 
year, 1–3 years 1 mg, 3–5 years 2 mg, twice daily and 
5–9 years 2.5 mg, 9–18 years 5 mg thrice daily orally 
or slowly (over 2 minutes) by IV injection. Over 60 kg 
children can have 10 mg three times daily. Avoid the 
IM route.

 O Chlorpromazine: orally or IV (the IV route can cause 
severe hypotension), child 1–12 years 500 micro-
grams/kg every 4–6 hours, maximum 75 mg daily. For 
12–18 years 25–50 mg every 3–4 hours until vomiting 
stops.

 O Prochlorperazine: orally or IV slowly over 10 min utes, 
250 micrograms/kg 1–12 years every 8–12 hours (only 
if the child weighs over 10 kg or is over 1 year of age). 
12–18 years 5–10 mg three times daily.

The following drugs are generally available but have a high 
incidence of side effects, including drowsiness. They may 
be more effective when combined with steroids.

 O Benzodiazepines: the main effect is sedation and 
amnesia. These drugs are useful for anticipatory nausea.

 O Steroids: the main effect is in combination with other 
agents (prednisolone 0.5 mg/kg every 12 hours).

 O 5HT3 antagonists (e.g. ondansetron): these are the 
most effective anti- emetics, especially when com-
bined with steroids. However, they are expensive.

Ondansetron dosage
Six months–18 years either 5 mg/m2 or 150 micrograms/
kg (max single dose 8 mg) IV before chemotherapy then 
repeated every 4 hours for two further doses, then give 
orally. Oral dose < 10 kg = 2 mg 12 hourly, > 10 kg = 4 mg 
12 hourly for up to 5 days.

Oral mucositis
 O This is a common side effect of many cytotoxic agents 

and also radiotherapy.
 O Scrupulous simple oral hygiene should be main-

tained. This can be achieved by regular thorough 
tooth brushing two to three times a day together 
with use of a mouthwash such as chlorhexidine if 
available.

 O Oral fl uconazole and oral acyclovir may be of benefi t in 
oral mucositis with secondary infection from candida 
and herpes infection, respectively.
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Alopecia
This is inevitable with most chemotherapy, but usually 
entirely reversible on completion of treatment. Some chil-
dren are not upset by the appearance of alopecia, but for 
those who are distressed by it, a light but attractive head 
covering may be acceptable.

Nutrition
Maintenance of adequate nutrition is essential. ‘Cancer 
wasting’ or cachexia is a well- recognised complication of 
paediatric tumours, and is subsequently associated with a 
decreased tolerance of chemotherapy and its side effects, 
and possibly an increase in cancer mortality.

Poor nutritional status may result from any of the 
following:

 O stress
 O pain
 O increased metabolism (due to tumour or infection)
 O anorexia
 O altered sense of taste and smell
 O chemotherapy- induced nausea and mucositis (e.g. 

stomatitis, oesophagitis)
 O radiotherapy- induced mucositis and dry mouth 

(xerostomia)
 O surgery- induced pain, bowel obstruction and appetite 

suppression.

In addition to this, an unacceptably high number of children 
in resource- limited countries who do not have cancer are 
malnourished. The effect of cancer and its treatment can 
be even more deleterious for such children.

Each child should have a nutritional assessment, 
including measurement of height or length, weight, mid 
upper arm circumference and triceps fold thickness 
(using callipers). Height and weight should be plotted 
on a standard percentile chart (see Section 9).

Nutritional support should be given to children who con-
sistently show a decrease across percentile lines. It may also 
be indicated in children with baseline malnourished status. 
A high- calorie diet with adequate protein should be given 
to all children with cancer, supplemented if necessary with 
specifi c additives to provide additional calories and protein.

If suffi cient food cannot be taken orally, enteral feeding 
via a nasogastric tube (particularly overnight) should be 
considered. Total parenteral nutrition should be avoided, 
as it is expensive and associated with a high risk of com-
plications, including infection and metabolic disturbance.

Tumour lysis syndrome (TLS)
This is a life- threatening complication that occurs when the 
rapid lysis of tumour cells, usually resulting from chemo-
therapy, leads to the release of excessive quantities of 
cellular contents into the systemic circulation, resulting in 
a metabolic disturbance characterised by the following:

 O hyperkalaemia
 O hyperphosphataemia
 O hyperuricaemia
 O hypocalcaemia.

This metabolic derangement may lead to acute oliguric 
renal failure and cardiac arrhythmias.

TLS can occur spontaneously in tumours with a very 
high proliferative rate, as well as following initiation of treat-
ment. It can be classifi ed as laboratory TLS (with no clinical 

manifestations) or clinical TLS (with life- threatening clinical 
abnormalities).

Management of TLS
 O Most importantly, anticipate and recognise patients who 

are at high risk of tumour lysis, i.e. those with leukaemia 
and lymphoma (particularly T- cell or Burkitt’s phenotype, 
and those with a high white cell count > 50 × 109/litre, 
hepatosplenomegaly or mediastinal mass, or high LDH).

 O Intravenous hydration with potassium- free fl uids, at least 
2.5–3.0 litres/m2/day, should be commenced prior to 
treatment and then continued for the fi rst few days of 
treatment. Ensure that there is adequate urine output 
(* 1 mL/kg/hour). 

 O Regular allopurinol, 100 mg/m2 dose every 8 hours, 
should be commenced prior to treatment and then 
continued for the fi rst few days of treatment.

 O Clinical and laboratory monitoring should be undertaken, 
including daily weight, input and output review, and 
assessment of blood biochemistry, with measurement 
of uric acid levels up to four times a day if needed.

Infertility
 O This mainly occurs in males and is a consequence of 

specifi c cytotoxic agents, especially the alkylating agents 
such as cyclophosphamide, or radiation to the gonads. 
Girls may suffer from ovarian failure causing a premature 
menopause after certain therapies.

 O Families should receive counselling about infertility, and 
hormonal treatment may be offered.

 O Sperm storage for adolescent boys before the start of 
treatment can be considered if this service is available.

Second tumours
 O Chemotherapy results in a small but important risk of 

second tumours, especially acute myeloid leukaemia.
 O This is particularly associated with alkylating agents 

such as cyclophosphamide (especially if used with 
radiotherapy), anthracyclines and topoisomerase- 2 
inhibitors (e.g. etoposide).

Treatment of individual tumour types
A detailed discussion of the presentation and manage ment 
of every type of tumour is beyond the scope of this book.

Acute lymphoblastic leukaemia (ALL)
Approximately one- third of all children under 15 years of age 
with cancer have acute leukaemia, and 75–80% of these 
have acute lymphoblastic leukaemia, making it the most 
common childhood cancer in well- resourced countries.

Presentation
 O Myelosuppression.
 O Anaemia, infection (which can be life- threatening) and 

thrombocytopenia (bruising, bleeding, petechiae).
 O Lymphadenopathy and hepatosplenomegaly.
 O Bone pain and limp.

Diagnosis
 O Full blood count.
 O Blood fi lm can be diagnostic for patients with very high 

white cell counts.
 O Bone- marrow aspirates (these are always required).
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 O Morphology (e.g. FAB system), cytochemistry and 
immunocytochemistry (if available).

 O Lumbar puncture: CSF cell count and cytospin for 
lymphoblasts.

 O Chest X- ray (T- cell leukaemia).
 O Ultrasound scan of the abdomen for assessment of the 

liver, spleen and kidneys.

Treatment
Rapid tumour lysis, which can sometimes be spontaneous, 
is a major risk, particularly for patients with high white cell 
counts leading to biochemical disturbances. Intravenous 
fl uids, allopurinol and close monitoring of renal function 
are required at the start of treatment. The treatment of 
acute lymphoblastic leukaemia is divided into a number of 
phases, as described below.

Induction
The aim is to get the patient into remission (defi ned as the 
presence of < 5% blasts in bone marrow). Four weeks of 
oral prednisolone or dexamethasone with weekly vincristine 
injections will result in a 90% remission rate, although the 
addition of a third drug, asparaginase (9–12 doses every 
48 hours), is associated with improved long- term survival. 
If asparaginase is not available or is too expensive, anthra-
cyclines (e.g. doxorubicin) can be substituted.

CNS- directed therapy
This is needed in all patients to prevent CNS relapse. 
Standard therapy is to give fi ve to six doses of intrathecal 
methotrexate together with cranial irradiation (18 Gy). For 
standard- risk (not high- risk) patients, irradiation can be 
replaced with intrathecal methotrexate at regular intervals 
throughout the treatment period, although some units 
may fi nd radiotherapy easier to administer than repeated 
lumbar punctures.

Intensifi cation therapy
The administration of periods of more intensive therapy 
(e.g. with drugs such as cyclophosphamide, daunorubicin 
and cytosine) has been associated with increased survival, 
although this treatment carries the risk of severe myelosup-
pression and should be used with caution unless a high 
level of supportive care is in place.

Continuation (maintenance) therapy
This essential part of treatment generally lasts for 2 to 
3 years. Most regimens employ daily oral mercaptopurine 
and weekly oral methotrexate with vincristine and a short 
course of steroid given every month.

Prognosis
With current therapy in specialised centres one can expect 
at least 50% of standard- risk patients (i.e. those with a 
white cell count at diagnosis of < 50 × 109/litre, and aged 
2–10 years) to survive.

Acute myeloid leukaemia (AML)
This accounts for 15–20% of acute leukaemias in children.

Presentation
The presentation is the same as for acute lymphoblastic 
leukaemia, with more likelihood of tissue infi ltration:

 O gum hypertrophy: monocytic leukaemia

 O skin involvement: myeloblastic leukaemia
 O disseminated intravascular coagulation: promyelocytic 

leukaemia.

Diagnosis
See above section on acute lymphoblastic leukaemia.

Treatment
This is less successful than for acute lymphoblastic 
leukaemia. Induction thera py is based on 8–10 days of 
intensive chemotherapy with drugs such as daunorubicin, 
etoposide, thioguanine and cytosine. Remission rates 
of over 80% can be achieved, but these regimens are 
associated with severe and prolonged myelosuppression, 
with a signifi cant risk of toxic death. This risk should be 
carefully considered before curative therapy is attempted. 
Consolidation therapy is again based on intensive and life- 
threatening chemotherapy. The risk of CNS relapse is less 
than with acute lymphoblastic leukaemia. Lumbar puncture 
with triple intrathecal chemotherapy (methotrexate, hydro-
cortisone and cytosine) should be given with each course 
of chemotherapy.

Prognosis
Less than 50% of these children will be expected to survive 
long term, with a high risk of toxic death following intensive 
chemotherapy.

Non- Hodgkin’s lymphoma (NHL)
Childhood NHLs are a heterogeneous group of usually dif-
fuse lymphocytic or lymphoblastic neoplasms arising from 
both B and T cells. Burkitt’s lymphoma, a B- lineage NHL, 
is the most common childhood malignancy reported from 
tropical Africa, and is also prevalent in South America and 
in parts of South- East Asia.

Presentation
Lymphomas can arise in any area of lymphoid tissue, and 
therefore the presenting features are protean. Patients often 
have marrow involvement and sometimes CNS disease. 

 O Burkitt’s lymphoma is an aggressive tumour, usually 
affecting the head and neck, but also arising from 
several abdominal organs. Progression in size of 
Burkitt’s lymphoma can be rapid, given its 48- hour 
doubling time. Head tumours usually present with 
extensive involvement, with swelling of the jaw and 
tooth loosening, gum expansion, bleeding, ulceration 
and exophthalmos.

 O The majority of non- Burkitt B- cell lymphomas are dis-
seminated at diagnosis, often with diffuse abdominal 
disease.

 O T- cell NHL presents with thymic and/or nodal involve-
ment, often with signs of airway or superior vena cava 
obstruction. 

Diagnosis
The diagnosis is frequently suggested on clinical examina-
tion (e.g. classical features of Burkitt’s or T- cell lymphoma). 
The diagnosis is supported by appropriate imaging (X- ray, 
ultrasound). Bone- marrow aspiration and lumbar puncture 
should be performed. Biopsy is necessary if the diagnosis 
cannot be made on a bone- marrow aspiration.
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Treatment 
Burkitt’s lymphoma
This is an extremely chemosensitive tumour, and a high 
remission rate can be achieved with a single course of 
cyclophosphamide. Repeated courses of cyclophospha-
mide may be successful in some early- stage patients, 
but the success of therapy is further improved, particu-
larly for patients with advanced disease, by the use of 
multi- agent chemotherapy using combinations such as 
COMP (cyclophosphamide, vincristine, methotrexate 
and prednisolone), for example, given over a 6- month 
period. This should be accompanied by administration 
of intrathecal methotrexate and hydrocortisone. As with 
acute lymphoblastic leukaemia, biochemical disturbance as 
a result of rapid tumour lysis is a major risk, and intravenous 
fl uids, allopurinol and close monitoring of renal function 
are required.

Non- Burkitt B- cell NHL
Repeated courses of multi- agent chemotherapy with 
COMP or CHOP (cyclophosphamide, Adriamycin, 
vincristine and prednisolone) are often successful, 
especially for early- stage disease. For advanced dis-
ease, more intensive regimens such as the French LMB 
protocols may result in a high success rate, although 
the toxicity of these regimens is potentially high.

T- cell NHL
In contrast to B- cell NHL, therapy for T- cell disease 
is usually based on leukaemia- type therapy (with 
intensifi cation modules and continuing chemother-
apy). CNS- directed therapy with cranial irradiation or 
moderate- dose methotrexate with ongoing intrathecal 
methotrexate should be used.

Prognosis
Burkitt’s lymphoma
The prognosis varies according to the stage of disease, 
although overall at least 85–90% of patients will be cured 
with modern therapy in well- resourced countries. Where 
ability to give chemotherapy is restricted, simpler therapy 
can yield 50–60% survival rates. However, CNS disease is 
associated with a poor outcome.

Non- Burkitt B- cell NHL
The prognosis is poorer than with Burkitt’s lymphoma, 
and depends on the stage of disease and the intensity of 
treatment. In low- stage disease a survival of at least 75% is 
expected. The prognosis is worse with extensive disease, 
particularly with bone- marrow or CNS involvement.

T- cell NHL
With modern leukaemia- type therapy, survival rates are 
around 65–70% or higher.

Hodgkin’s lymphoma
Presentation
Unlike NHL, Hodgkin’s lymphoma tends to be confi ned to 
the lymph nodes or spleen, although spread to other sites, 
such as the lungs, liver and bone, may occur. Most children 
present with a primary painless neck mass, although any 
nodal group may be involved. Patients are staged according 
to the Ann Arbor system, which incorporates an A and B 

designation for the absence or presence, respectively, of 
fever, night sweats and weight loss.

Diagnosis
Diagnosis is generally made by lymph- node biopsy. Essential 
staging investigations include chest X- ray and abdominal 
ultrasound. Bone- marrow aspirate and trephine should be 
performed on patients with evidence of advanced disease.

Treatment
In the past, radiotherapy was widely utilised, often using 
extensive radiation fi elds (e.g. the ‘mantle’ or ‘inverted Y’ 
techniques) to cover all known sites of disease. Radiation is 
still used in localised disease, but generally chemotherapy is 
preferred for most patients, using regimens such as ChlVPP 
(chlorambucil, vinblastine, procarbazine and prednisolone) 
or MVPP (with nitrogen mustard replacing chlorambucil). Six 
to eight courses are given every month. Such chemother-
apy may be given on an outpatient basis, and is relatively 
non- toxic, although the risk of infertility in boys is high. 
Some of the toxicity can be avoided by alternating ChlVPP 
or MVPP with ABVD (doxorubicin, bleomycin, vinblastine 
and dacarbazine), although this may have the potential to 
cause cardiotoxicity. 

Prognosis
Hodgkin’s lymphoma generally carries a good prognosis. 
For patients with stage I and II tumours, over 80% are 
expected to be cured. Even with advanced disease, over 
50% of patients would be expected to survive.

Brain tumours
These are a heterogeneous collection of several tumours 
that together represent around 25% of all childhood cancer 
patients in Europe and North America. The proportion in 
resource- limited countries is much lower, at least partly due 
to under- diagnosis as a result of limited availability of neu-
roimaging (CT and MRI), neurosurgery and neuropathology.

Presentation
About 60% of childhood brain tumours arise in the poste-
rior fossa, and usually present with signs and symptoms 
of raised intracranial pressure due to obstruction of CSF 
pathways. A variety of other presenting features may occur, 
depending on the site and rate of progression of the tumour. 
These include irritability, behavioural disturbance, cranial 
nerve palsies, long tract signs (particularly truncal ataxia), 
endocrine abnormalities, visual disturbance and seizures.

Diagnosis
Modern imaging with CT scanning, or preferably MRI 
(if available) has revolutionised the management of brain 
tumours, and should be performed if CNS tumours are 
suspected. Some tumours have characteristic appearances 
on imaging (e.g. diffuse brainstem glioma and optic nerve 
glioma), although most tumours require histological confi r-
mation. Imaging of the spine and examination of the spinal 
fl uid is required to assess for CNS spread in high- grade 
bone tumours (e.g. medulloblastomas, high- grade gliomas).

Treatment
For most tumours, modern neurosurgery (see 
Section 5.16.K) is vital to management. Prompt relief of 
raised intracranial pressure is often required, and may be 



584

International Maternal & Child Health Care

life- saving. This is achieved with dexamethasone, which 
when used peri- operatively has also been shown to sig-
nifi cantly reduce operative mortality. 

Surgery may also be required to relieve hydrocephalus 
(e.g. with ventricular peritoneal shunting). The aim of defi ni-
tive surgery is to provide a histological diagnosis and usually 
to shrink the tumour as much as possible. Tumour resection 
is required for most tumours, including all posterior fossa 
tumours (except the brainstem), tumours of the cerebral 
hemispheres and craniopharyngiomas. Some tumour types 
may be cured with surgery alone (e.g. cerebellar low- grade 
astrocytoma), although others (e.g. medulloblastoma) 
require adjuvant radiotherapy. 

Generally a large dose of radiotherapy is given to the 
tumour bed, while some tumours (e.g. medulloblastoma) 
require whole CNS radiotherapy due to the high risk of CSF 
dissemination. To date chemother apy has had relatively 
little impact on the treatment of brain tumours, although it 
can be used to try to delay radiotherapy in the very young. 

Radiotherapy to the whole brain and spine has a 
very high risk of sequelae, particularly in young children. 
These include neuropsychological disability, growth failure 
(growth hormone defi ciency and poor spinal growth) and 
hypothyroidism.

The following is a brief guide to the management and 
prognosis of individual tumour types.

Medulloblastoma
Prognosis
The prognosis is around 60% for children with non- 
metastatic disease and 30% for those with disseminated 
disease. Children with medulloblastoma aged less than 
3 years have a much worse prognosis than older children. 
Radiotherapy may be curative, but most centres do not 
advocate this, as radiation therapy to the developing brain 
is associated with a very high incidence of severe handi-
cap. Prolonged chemotherapy can be used to try to delay 
radiotherapy, but even then survival is only around 20%.

Cerebellar low- grade astrocytoma
Treatment
Surgical resection is performed, and post- operative radio-
therapy is not required if the resection has been complete.

Prognosis
The prognosis is at least 80% following total resection.

Supratentorial low- grade astrocytoma 
Treatment
Surgical resection is performed for accessible lesions, 
although many of these tumours (e.g. those involving the 
hypothalamus and optic pathways) are not fully resectable. 
In these cases, focal radiotherapy should generally be given, 
particularly in patients with progressive disease.

Prognosis
The prognosis is variable, mainly depending on the site of 
the tumour. 

High- grade glioma
Treatment
Surgical resection (as complete as possible) is performed, 
and post- operative focal radiotherapy is required.

Prognosis
Overall, the prognosis is very poor, at around 15%. Patients 
who undergo complete resection and have Grade 3 (ana-
plastic astrocytoma) tumours have a much better chance 
of survival than those who undergo subtotal resection and 
have Grade 4 tumours (glioblastoma multiforme).

Ependymoma
Treatment
Surgical resection (as complete as possible) is performed, 
and post- operative focal radiotherapy is required.

Prognosis
The prognosis is around 30–50%, mainly depending on the 
degree of tumour resection.

Brainstem glioma
Treatment
Focal exophytic tumours are treated with surgery followed 
by focal radiotherapy.

Prognosis
The prognosis is around 30–50%, mainly depending on the 
degree of tumour resection.

Diffuse (malignant) brainstem gliomas
Treatment
Palliative radiotherapy may possibly be used.

Prognosis
These tumours are fatal (less than 5% survival).

Craniopharyngioma
Treatment
Surgical resection is performed, although there is a high 
peri- operative mortality rate. Radiotherapy is sometimes 
used for recurrent tumours.

Prognosis
The prognosis is variable. All patients suffer from pan- 
hypopituitarism, which requires hormone replacement 
therapy.

Neuroblastoma
This biologically unusual tumour can arise from any part 
of the sympathetic nervous system, although around 60% 
originate from the adrenal gland. Localised stage I and stage 
II disease and the unique stage IV S disease of infancy 
have a good outlook, although for the 80% of patients who 
present with advanced tumours the prognosis is very poor.

Presentation
A large proportion of patients present with an abdominal 
(adrenal) or pelvic mass, often extending across the mid- 
line. Para- spinal masses that extend into the spinal canal 
causing cord compression, and thoracic primaries that 
cause airway obstruction, also occur. Most patients (65%) 
present with metastatic disease that often causes bone 
pain and limp, with marrow infi ltration mimicking leukae-
mia, skin infi ltration or orbital masses causing proptosis or 
peri- orbital bruising.

Diagnosis
Ultrasound of the abdomen (or CT of the abdomen, if 
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available), chest X- ray (or CT of the chest for thoracic 
tumours, if avail able), abdominal X- ray (calcifi cation is often 
a feature of primary tumours), 24- hour urine collection 
or spot urine sample for catecholamine metabolites 
(secreted in 85% of cases), bone- marrow aspirate and tre-
phine (bilateral) are all helpful. MIBG scan and technetium 
bone scan are performed to investigate metastasis to 
the bones. Although the diagnosis can be made without 
tumour biopsy for patients with classic features of stage IV 
disease, histological confi rmation is required for localised 
tumours and for advanced disease where the diagnosis 
is in doubt.

Treatment and prognosis
Patients with stage I and II disease should be treated with 
surgical excision, which if complete is associated with an 
80% or higher survival rate. For stage III patients, the prog-
nosis is around 40%, with treatment including multi- agent 
chemotherapy with drugs such as cyclophosphamide, 
vincristine, Adriamycin, etoposide and platinum, followed 
by surgical excision of the tumour. Stage IV disease has a 
very poor prognosis, and it is essential to provide palliative 
care to reduce the suffering of these patients.

Retinoblastoma
Although rare in many countries, retinoblastoma is a 
common paediatric cancer in many areas, including sub- 
Saharan Africa, Pakistan and India. Two forms are identifi ed, 
namely an autosomal- dominant heritable form that may 
affect one or both eyes, and a sporadic (non- heritable) form 
that is always unilateral.

Presentation
Most children present within the fi rst few years of life with 
a white mass in the pupil or with a squint. In patients with 
a family history, routine surveillance may detect an early 
lesion. Delayed presentation may result in a protruding 
fungating orbital mass.

Treatment and prognosis
Enucleation of the involved eye is the standard therapy, and 
is curative in about 75% of patients with localised disease.

Very small tumours may also be effectively treated 
with a cobalt plaque, local irradiation, light coagulation or 
cryotherapy. External beam radiotherapy may be cura-
tive in early cases, but cataract formation usually results. 
Extensive spread outside the orbit is usually fatal. Relatively 
simple chemotherapy (e.g. with carboplatin, vincristine 
and etoposide) appears to be effective in reducing large 
tumours, sometimes facilitating preservation of vision and 
possibly preventing metastatic spread.

Wilms’ tumour (nephroblastoma)
This tumour occurs in nearly all parts of the world, and is one 
of the most curable of all childhood cancers. Approximately 
three out of four cases occur in children under 5 years of 
age.

Presentation
Most patients present with a large and generally painless 
fl ank mass with or without haematuria and hypertension. 
The diagnosis may be confused with the abdominal dis-
tension associated with malnutrition and with other fl ank 

masses, such as neuroblastoma and splenomegaly associ-
ated with malaria or haemoglobinopathy.

Diagnosis
The presence of a renal tumour can be confirmed by 
ultrasonography, which should also assess the presence 
of inferior vena cava involvement. Alternatively, intravenous 
urogram (with injection into the feet to perform a cavagram) 
can be used, as can CT scan (with contrast) (if avail-
able). The diagnosis can be made on the basis of clinical 
presentation and imaging fi ndings. Histopathological con-
fi rmation is not mandatory, but is advisable, particularly in 
those under 6 months of age. A chest X- ray should look 
for evidence of lung metastases.

Treatment
The SIOP approach of up- front chemotherapy (4 weeks of 
vincristine and actinomycin D for non- metastatic tumours, 
and 6 weeks of the two drugs plus Adriamycin for meta-
static tumours) followed by surgery is more suited to 
resource- limited countries. The duration and type of further 
chemotherapy after surgery depend on the local staging of 
the tumour and the response to initial treatment. For stage 
I tumours, further vincristine and actinomycin may be given 
for 4 weeks or 6 months depending on the histological 
response. For stage II disease, vincristine and actinomycin 
should be given for 6 months, a regimen which may also 
be used for stage III tumours with the possible addition 
of radiotherapy. For stage IV tumours and for so- called 
‘unfavourable (anaplastic)’ histology groups, all three drugs 
should be given for 6–12 months. Radiotherapy to the 
abdomen should only be given if residual bulky disease is 
present after surgery. Patients with pulmonary metastases 
at diagnosis should receive lung irradiation (20 Gy), particu-
larly if the lung metastases persist after pre- nephrectomy 
chemotherapy.

Prognosis
For patients with stage I and II tumours (favourable histol-
ogy), at least 80% should be cured. Stage III and IV tumours 
have survival rates of around 60–70% and 50–60%, respec-
tively. However, the prognosis is poor for patients with 
unfavourable histology.

Liver tumours
The two main types of liver tumour are hepatoblastoma and 
hepatocellular carcinoma (HCC). Although both are rare in 
Europe and North America, in several parts of the world, 
such as East Africa and New Guinea, HCC is a relatively 
frequent childhood malignancy. In children with HCC, as in 
adults, there is a clear and possibly causative association 
with hepatitis B infection both in the presence and in the 
absence of coexisting cirrhosis. 

Presentation
Hepatoblastoma generally presents in children under 
3 years of age, whereas HCC is seen in older children and 
adolescents. The presentation in both hepatoblastoma and 
HCC is similar, with most patients presenting with abdomi-
nal distension and a right upper quadrant mass. Additional 
features, particularly for HCC, include abdominal pain, 
nausea, weight loss, anorexia and jaundice. Features of 
underlying chronic liver disease may be present with HCC.
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Diagnosis
The liver mass may be seen on ultrasound examination of 
the abdomen and CT scan (if available). The diagnosis 
should be confi rmed by biopsy. Alpha- fetoprotein levels 
are elevated in nearly all cases of hepatoblastoma and 
in about 65% of cases of HCC. In these patients, the 
alpha- fetoprotein level may be used as a tumour marker 
to monitor progress. A chest X- ray should be taken to look 
for evidence of lung metastases.

Treatment and prognosis
Surgical excision is the definitive treatment for both 
tumours. Hepatoblastoma is a chemosensitive tumour, 
and pre- operative chemotherapy signifi cantly improves the 
prognosis, facilitating surgical excision and the control of 
distant metastases. The most active agents are doxorubicin 
and cisplatin. Cisplatin monotherapy along with surgery is 
recommended for localised and non- metastatic tumours. 
The prognosis for patients with these tumours is around 
50%, although the surgery is diffi cult and carries signifi cant 
risks.

The overall prognosis for HCC is very poor. This disease 
is much less responsive to chemotherapy than hepa-
toblastoma, and unfortunately these tumours are often 
multi- centric or extensively invasive, making resection 
possible in less than 30% of patients. Of these cases, only 
one- third survive long term.

Soft- tissue sarcomas
These tumours arise from undifferentiated embryonic tis-
sue. The most common of these is rhabdomyosarcoma, 
a tumour of striated muscle. Rhabdomyosarcomas can 
arise anywhere where there is such striated muscle or 
embryonic remnants thereof, but the most common sites 
include the orbit, head and neck (including the nasophar-
ynx), the genito- urinary tract in both boys and girls, and the 
extremities. Two main histological types are recognised, 
namely the more common embryonal type, and the less 
common alveolar type, which generally carries a much 
poorer prognosis.

Presentation
Most rhabdomyosarcomas present as diffuse masses, but 
orbital lesions generally present with proptosis and diplo-
pia, and nasopharyngeal lesions often present with nasal 
obstruction, epistaxis and pain. At least 25% of sarcomas 
will have metastases at diagnosis, most commonly to the 
lungs and lymph nodes.

Diagnosis
Histological confi rmation is required by biopsy or excision 
of the primary tumour. Initial radical surgery should not be 
performed. Primary tumours should be defi ned by CT scan 
(if available) (this is particularly important for head and 
neck and orbital tumours), although other techniques such 
as tomography and ultrasound examination may be useful. 
For head and neck lesions, lumbar puncture with careful 
CSF examination is required. Parameningeal tumours are 
those in which CSF invasion is demonstrated or possible 
due to the proximity of the tumour to the meninges based 
on CT scanning (if available). Metastatic surveillance 
includes chest X- ray, abdominal ultrasound examination 
or CT scanning (if available), and bilateral bone- marrow 
aspiration.

Treatment
In view of the high rate of local and distal dissemination, 
chemotherapy is required for all patients. The VAC regimen 
(vincristine, actinomycin D and cyclophosphamide, four to 
nine courses), is most commonly used. In more recently 
devised regimens, ifosfamide has replaced cyclophos-
phamide (IVA ifosfamide, actinomycin D and vincristine), 
although ifosfamide carries a far greater risk of side effects, 
including haemorrhagic cystitis and nephropathy. Unless 
the tumour can be completely excised, local therapy should 
generally be performed after cytoreductive chemotherapy 
(e.g. after three to six courses). Surgery is the usual local 
therapy for sites such as the extremities and genito- urinary 
system. For head and neck tumours, surgical excision of 
the primary tumour is usually extremely diffi cult, and radio-
therapy should be considered.

Radiotherapy is the treatment of choice following chem-
otherapy for orbital tumours.

For parameningeal tumours, whole CNS radiotherapy 
and intrathecal methotrexate is advised.

Prognosis
For completely resected tumours, the prognosis is good, 
with at least 70% survival. For those with regional disease 
the prognosis is less good, with about 40–50% survival. 
Survival is particularly poor for patients with metastatic 
disease (less than 20%) and for parameningeal tumours, 
so careful consideration is needed before embarking on a 
curative treatment for these categories. Alveolar histology 
confers a signifi cantly worse prognosis for all stages and 
sites.

Kaposi’s sarcoma
This tumour has become a major healthcare problem in 
areas affected by the HIV pandemic. Younger children tend 
to present with disseminated suppurative lymphadenopathy 
and conjunctival disease, whereas in older children, skin 
nodules predominate.

Treatment
Radiotherapy may control locally aggressive tumours. 
Kaposi’s sarcoma may also respond to chemotherapy, 
including agents such as vincristine, actinomycin D and 
DTIC.

Bone sarcomas
About 50% of all sarcomas occur in the bone, the pre-
dominant types being osteosarcoma and Ewing’s sarcoma.

Presentation
A bone sarcoma usually presents as a painful mass which 
may be hot and tender, mimicking osteomyelitis. Around 
95% of osteosarcomas arise in long bones, and about 
50% occur in the upper tibia or lower femur. Around 50% 
of Ewing’s sarcomas occur in long bones, usually in the 
shaft, with the remainder occurring in the pelvis, shoulder, 
skull and vertebrae. About 20% of patients with Ewing’s 
sarcoma and 10–20% of those with osteosarcoma have 
metastatic disease at diagnosis.

Diagnosis
The diagnosis is suggested on plain X- ray with osteosar-
coma showing bony expansion with osteoblastic and/
or lytic activity. Ewing’s sarcoma generally appears as an 
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ill- defi ned lytic lesion. Diagnosis is confi rmed with biopsy, 
preferably using an open technique under direct vision. 
Chest X- ray or CT of the chest (if available) is used to 
detect lung metastases, the lung being the most common 
metastatic site for both tumours.

Treatment and prognosis for Ewing’s sarcoma
Chemotherapy using vincristine, actinomycin D, Adriamycin 
and cyclophosphamide should be given to control both 
local and metastatic disease. Local therapy with wide 
surgical excision should be performed. If this is not pos-
sible, high- dose radiotherapy (e.g. 45–50 Gy) should 
be given, although for long bone sites amputation may be 
more appropriate.

The overall prognosis is around 40%, but depends on 
the site and the adequacy of local tumour control. The 
prognosis for patients with metastatic disease is very poor.

Treatment and prognosis for osteosarcoma
Amputation of the long bone containing the primary tumour 
only gives a cure rate of about 20%. Chemotherapy either 
before or after local therapy has increased survival to around 
50% for non- metastatic patients. Six courses of cisplatinum 
and doxorubicin (three pre-  and three post- surgery) may 
be feasible in many resource- limited countries. The cur-
rent American and European protocols use a combination 
of cisplatinum, doxorubicin and high- dose methotrexate.

Local control is either with amputation or (if available) 
with tumour resection and endoprosthetic bone replace-
ment or rotation plasty.

Germ- cell tumours (GCTs)
Around 3% of tumours in children are GCTs, which are 
seen mainly in infants and adolescents. They include benign 
(mature and immature teratoma) and malignant (e.g. yolk 
sac tumour, germinoma) subtypes.

Presentation
In infancy, the usual presentation is a pelvic or sacrococ-
cygeal mass often noticed after birth (or sometimes prior 
to birth on antenatal scans). In adolescents, GCTs pre-
sent either as an enlarged mass in the gonads (testicular 
enlargement or a pelvic mass arising from the ovary) or 
in the mediastinum with signs of airway or superior vena 
cava obstruction.

Diagnosis
Initial assessment is by X- ray and CT (if available) for medi-
astinal masses, and ultrasound examination for abdominal 
and pelvic masses. Assessment of serum alpha- fetoprotein 
and `- human chorionic gonadotrophin levels can assist in 
diagnosis and monitoring of the disease.

Treatment and prognosis
For mature and immature teratoma as well as malignant 
GCTs Stage I, surgery alone can be sufficient, with a 
survival of more than 90%. For more advanced malignant 
GCTs, four to six cycles of platinum- compound- based 
chemotherapy in addition to surgery can achieve a survival 
of around 70%.

Palliative chemotherapy and radiotherapy
As stated above, if curative treatment is not possible or has 
failed, the focus must then be on providing palliative care, 

particularly symptom control, including adequate pain relief 
(see Section 1.15 and Section 1.16). Occasionally, palliative 
chemotherapy may be appropriate, such as the use of ster-
oids with or without vincristine in relapse or incurable acute 
lymphoblastic leukaemia and lymphomas. Steroids are also 
used in the control of symptoms such as headache due to 
certain brain tumours. Palliative radiotherapy may be useful 
for treating bone pain caused by tumour infi ltration (e.g. in 
neuroblastoma) and by bone tumours themselves, and may 
be helpful in controlling symptoms caused by compression 
of nerves (including the spinal cord) or other vital organs.

Conclusion
Although in many resource- limited countries the curative 
treatment of children with cancer may not be achiev-
able currently, children will present with often distressing 
symptoms, which we must strive to alleviate and palliate. 
As infections in particular become more controllable in 
resource- limited settings, cancer starts to emerge as a 
major cause of morbidity and mortality. Some allocation of 
resources becomes inevitable, and as paediatric oncology 
requires a multidisciplinary approach, thinking about and 
acting on the problems faced by children with cancer can 
lead to improvement of care for all children in hospital.

Organisations working to advance 
paediatric oncology around the world
World Child Cancer (www.worldchildcancer.org): currently 
working in Mexico, Colombia, Cameroon, Ghana, Malawi, 
Mozambique, Bangladesh, the Philippines and the Pacifi c 
Islands.

International Confederation of Child Cancer Parent 
Organisations (ICCCPO) (http://icccpo.org/index.cfm): an 
international network of parent support groups and 
survivor networks that provide psychosocial care for 
children and their families.

Maternal Childhealth Advocacy International – 
Cameroon (www.mcai.org.uk).

St Jude Children’s Research Hospital based in the USA 
(www.stjude.org): a paediatric treatment and research facil-
ity. It develops advanced cures for and means of prevention 
of paediatric cancer through research and treatment. It 
is involved worldwide in supporting projects through its 
International Outreach programme, including twinning. It 
includes the following:

 O Cure4kids (www.cure4kids.org): a free online education 
and collaboration resource dedicated to supporting 
the care of children with cancer and other catastrophic 
diseases worldwide.

 O Pond4kids (www.pond4kids.org): provides a free data-
base collecting epidemiological data and including a 
cancer registry. 

International Society of Pediatric Oncology (SIOP) (Société 
Internationale d’Oncologie Pédiatrique) (www.siop-online.
org): this organisation has a special focus on paediatric 
oncology in developing countries (PODC). Some of the 
relevant working groups include the following:

 O twinning, collaboration and support
 O graduated- intensity treatment guidelines
 O providing advice and support to low- income countries 

on the most appropriate protocols to use based on 
the resources available, including fi nancial resources, 
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training, supportive care, monitoring and investigations, 
and infection control

 O abandonment of treatment
 O palliative care
 O essential drugs.

International Network for Cancer Treatment and Research 
(INCTR) (www.inctr.org): this organisation is dedicated to 
helping to build capacity for cancer research and treat-
ment in developing countries, and it focuses on palliative 
care, cancer registration, research, training, nursing and 
pathology services. 

Union for International Cancer Control (UICC) World 
Cancer Congress (www.uicc.org): this organisation focuses 

on raising awareness, education, and developing a global 
network of infl uence.

Franco- African Pediatric Oncology Group (GFAOP) 
(www.gfaop.org): this runs projects for children with cancer 
in Africa, including a recent Wilms’ tumour protocol trial.

Further reading
Pinkerton R, Plowman PN and Pieters R (eds) (2004) Paediatric 

Oncology, 3rd edn. London: Hodder Arnold.
Pizzo PA and Poplack DG (eds) (2010) Principles and Practice 

of Pediatric Oncology, 6th edn. Philadelphia, PA: Lippincott 
Williams & Wilkins.

Steven MCG, Caron HN and Biondi A (eds) (2012) Cancer 
in Children: clinical management, 6th edn. Oxford: Oxford 
University Press.

5.15 Eye disorders 

BOX 5.15.1 Minimum standards
 Q Vitamin A.
 Q Ocular antibiotics.
 Q Fluorescein.
 Q Ocular steroids.
 Q Aciclovir.
 Q Occlusive pads.
 Q Glasses and other visual aids.

Introduction
Two of the most important eye disorders in children in 
resource- limited countries are vitamin A defi ciency (xeroph-
thalmia) and trachoma. Both of these can be prevented by 
appropriate action in the community, which is cheap and 
very effective for both disorders.

Eye examination and diagnosis: basic 
equipment

 O Vision- testing chart. Show only one letter at a time and 
get the child to match the letter on a chart (see Figure 
5.15.1).

 O A bright torch light which can give a focused beam of 
light.

 O An ophthalmoscope:
 — The ophthalmoscope is mainly used for examina-
tion of the ocular fundus (i.e. the retina, choroid and 
optic nerve).

 — It can also be used for examination of the ocular 
media (i.e. the cornea, lens, and aqueous and vitre-
ous humour). Dial a small positive lens (about +2 
or +3) in the ophthalmoscope, and hold it about 
20 cm from the patient’s eye. In the healthy eye with 
a dilated pupil, there will be a clear red glow of light 
refl ected from the retina, called the red refl ex, and 
any opacity in the cornea, lens or aqueous or vitreous 

humour will appear as a black shadow against this 
red refl ex.

 — The ophthalmoscope can also be used to act like a 
magnifying lens to examine in detail the conjunctiva, 
sclera, iris, etc. To do this a very strong positive lens 
(about +20) is dialled in the ophthalmoscope, which 
is then held very close to the patient’s eye.

An ultra- low- cost ophthalmoscope, otoscope and 
loupe which is solar powered is now available (www.
arclightscope.com).

 O Mydriatic drops:
 — Cyclopentolate 1%, or cyclopentolate 0.5% in 
children less than 6 months old. Atropine 0.5% 

FIGURE 5.15.1 Eye testing.
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ointment is very long- acting. It can be given to parents 
to put into the eyes for 2 days prior to a clinic appoint-
ment, especially if an initial attempt at refraction and 
fundus examination has been unsuccessful because 
of the child becoming distressed when drops were 
used in the clinic.

 O Local anaesthetic drops:
 — Proxymetacaine 0.5% is ideal for children because 
it stings less than other topical anaesthetic drops. 
Tetracaine 0.5% or 1% is an alternative which is less 
quickly degraded when not stored in the refrigerator.

 O Sterile fl uorescein paper strips.
 O Binocular telescopic magnifying glasses (loupes) are 

very useful but not essential. Some magnifi cation will 
be achieved by using a strong pair of reading glasses 
(+3.00–4.00 DS) perched as far down your nose as 
possible.

 O More sophisticated equipment, such as a tonometer for 
measuring intra- ocular pressure, a slit lamp and a bin-
ocular indirect ophthalmoscope, may only be available 
in a specialist clinic. However, if available, they greatly 
add to the diagnosis and treatment that can be offered.

Gaining the confi dence and trust of the child is the most 
important step in a successful eye examination, which 
should not be painful or unpleasant, except possibly una-
voidably when drops are put in the child’s eye. If the 
child fi nds it hard to cooperate, examine the parents’ or 
older siblings’ eyes fi rst to gain the child’s confi dence. A 
general anaesthetic may sometimes be required in small 
children where a serious eye problem (e.g. retinoblastoma) 
is suspected.

FIGURE 5.15.2 Position in which to examine the eye of a young 
child.

Three ways of examining the eyes of young 
children
Examining the eyes of babies and young children is often 
diffi cult. Patience and encouragement are required to gain 
the confi dence of the child. If it is still diffi cult to get a good 
view, the following techniques may be helpful:
1 Let the parent cuddle the child as he or she faces back-

wards over the parent’s shoulder (see Figure 5.15.2), 
especially if the parent’s anxiety and sense of obligation 
to restrain the child is adding to the child’s fears. You may 
then be able to attract the child’s interest in participating 
in the examination from this secure position.

2 In the case of infants, wrap the baby in a sheet or blanket, 
with their head on the examiner’s lap, and their body on 
their mother’s lap (see Figure 5.15.3). Gently hold open 
their lids with the fi ngers and thumb of one hand. The 
other hand is then free to instil any eye drops, or hold a 
torch or condensing lens. This is probably the best way 

to get a satisfactory view of the eye, but it also provokes 
the greatest resentment from the baby.

3 If it is diffi cult to get drops into the child’s eye, try lying 
the child fl at on their back, create a puddle of drops at 
the inner canthus, and wait while the child is held facing 
upwards (see Figure 5.15.4). The child will eventually 
open their eye, and the medication in the puddle of 
drops at the inner canthus will then go into the eye.

4 In difficult cases, where a serious eye condition is 
suspected, it may be necessary to instil a drop of 
local anaesthetic, and use a speculum to hold open 
the eyelids. However, this should only be done by an 
experienced professional in controlled circumstances, 
and must not be attempted in the face of determined 
resistance from any but the smallest child.

Presenting symptoms of eye disease
These include the following:

 O red, sore, irritable or discharging eyes
 O impairment or loss of vision
 O squint.

Red, sore, irritable or discharging eyes
 O A sticky discharge with no redness, normal cornea 

and apparently normal vision in a child up to the age of 
18 months (and occasionally older) is commonly caused 
by a blocked tear duct. Teach the mother to express the 
lacrimal sac with fi rm pressure to the side of the nose 
at the inner canthus. 

 O Bilateral sore red irritable eyes are usually caused by 
conjunctivitis. If the symptom is unilateral the usual 
cause is an ulcer or injury to the cornea or iritis. Evert 
the upper eyelid to inspect the upper tarsal conjunctiva. 
Apply fl uorescein stain to the cornea to diagnose an 
ulcer or identify a foreign body. The green fl uorescein dye 
will stain the ulcer. A foreign body, especially if lodged 
under the upper lid, may be associated with staining 
of the cornea. 

FIGURE 5.15.3 Supine posture for eye examination.
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Conjunctivitis
 O Acute bacterial conjunctivitis causes a mucopurulent 

discharge from the conjunctiva and is usually self- 
limiting, resolving after a few days. Give topical antibiotics 
as drops or ointment to speed recovery.

 O Acute bacterial conjunctivitis is dangerous in neonates 
when caused by sexually transmitted disease. The cor-
nea in a neonate is at much greater risk, and neonates 
produce less tears to wash away bacteria. Treatment 
is urgent. 

 O The WHO- recommended treatment for severe neonatal 
conjunctivitis is a single IM injection of either ceftriaxone 
50 mg/kg (maximum 125 mg) or kanamycin 25 mg/kg 
(maximum 75 mg) and hourly tetracycline ointment or 
chloramphenicol drops or ointment.

 O In presumed gonococcal infection, empirical treat-
ment for possible co- infection with chlamydia – that 
is, ceftriaxone and erythromycin to prevent chlamydial 
pneumonia in the baby – should be strongly considered. 

In addition, we recommend diagnosis and treatment of the 
mother for uro- genital disease due to gonococcus and/or 
chlamydia in order to prevent salpingitis.

 O Acute viral conjunctivitis is a self- limiting disease that 
usually lasts for a week or so. Tear secretions are watery 
rather than mucopurulent. There is no specifi c treatment, 
but it is customary to give antibiotic drops.

 O Vernal conjunctivitis is a chronic allergic conjunctivitis 
which is very common and causes recurrent severe 
itching of the eyes. Affected children are usually atopic 
(i.e. suffer from asthma and eczema). In addition to itchy 
eyes, there may be redness, watering, lid swelling and 
a mucus discharge. Typically there are papillae of the 
conjunctiva under the upper lid. In some cases these can 
be massive in size and may be associated with corneal 
ulceration in the upper third of the cornea. There may 
be nodular swelling and opacity at the corneo- scleral 
junction (i.e. the limbus). Anti- infl ammatory drops such 
as cromoglycate relieve the symptoms, but in severe 
cases use topical steroids (e.g. hydrocortisone 1%, 
betamethasone 0.1%, or dexamethasone 0.1% eye 
drops). However, prolonged use of topical steroids has 
a high risk of causing steroid- induced glaucoma.

Trachoma
See Section 6.1.M.

Corneal ulcers
 O Corneal ulcers are usually unilateral. There is usually 

pain and photophobia. Staining the eye with fl uorescein 
will show the outline of the ulcer.

 O Herpes simplex ulcers are typically branched and 
irregular. Treat by applying aciclovir ointment 3% every 
2 hours until the epithelium has healed.

 O Bacterial corneal ulcers are more serious and can 
rapidly progress to destroy the cornea and the eye. 
They must be treated as an emergency. If possible, 
fi rst perform a Gram stain and microscopy of tissue 
scraped with great care from the edge of the ulcer with 
a scalpel blade. This will often give helpful information 
about the cause of the ulcer and so make the treatment 
more specifi c. Antibiotic drops should be given hourly 
or 2- hourly for 48 hours and then four times a day. The 
choice of antibiotic depends on the availability and also 
the results of the Gram stain. Ofl oxacin (0.3%) or cipro-
fl oxacin (0.3%) both have a good spectrum of activity 
against Gram- positive and Gram- negative bacteria. In 
most circumstances one of these is the fi rst choice. 
Concentrated locally made antibiotic drops are very 
helpful if pre- prepared drops are not available. These can 
be made up by diluting antibiotic powder for injection in 
5 mL of sterile water or 0.9% saline. These home- made 
eye drops should only be used for 48 hours, and should 
then be discarded. The following are the recommended 
strengths: gentamicin 15 mg/mL or amikacin 50 mg/mL 
for Gram- negative organisms; cefuroxime, ceftazidime 
or cefazolin 50 mg/mL for Gram- positive organisms. If 
a Gram stain is not possible, two types of drops can 
be given alternately every hour. Chloramphenicol (0.5% 

FIGURE 5.15.4 Seated posture for eye examination.

FIGURE 5.15.5 Expressing the lacrimal duct. © www.medscape.
com
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drops and 1% ointment) is a cheap and readily available 
alternative if none of the above are available.

 O Fungal corneal ulcers are very common in hot humid 
climates. The branching fi laments of the fungus can be 
identifi ed on a Gram stain. The treatment is unfortunately 
very diffi cult because topical antifungal drugs are hard to 
obtain and the response to treatment is slow. Natamycin 
is sometimes available as an eye ointment. Econazole, 
clotrimazole and ketoconazole are all available as skin 
creams, and it may be necessary to use either these or 
systemic antifungal agents in diffi cult cases.

Iritis
Iritis is a less common cause of acute red eye. The pupil 
is constricted and irregular and there are often deposits 
known as keratic precipitates on the posterior surface of the 
cornea. Give intensive topical steroids hourly (prednisolone, 
betamethasone or dexamethasone drops) and keep the 
pupil dilated with mydriatics (atropine 0.5–1% twice daily).

Vitamin A defi ciency (xerophthalmia)
Xerophthalmia usually only affects malnourished children 
(see Section 5.10.A on vitamin A defi ciency).

 O In the early stages, the conjunctiva appears dry and 
wrinkled, but this is not easy to detect.

 O As the disease progresses, the cornea also appears 
dry and then shows signs of corneal ulceration. Ulcers 
may progress very rapidly to destroy the entire cornea. 
Eventually the whole eye shrinks or the child may be left 
with a dense corneal scar.

 O In communities where vitamin A defi ciency is common, 
older children are frequently found with corneal scars 
dating from early childhood. In most cases malnutrition 
is a chronic problem, and the disease is precipitated 
by an acute infective illness, which is nearly always 
measles. Xerophthalmia and measles are particularly 
important because these ulcers are very frequently bilat-
eral, whereas most other causes of corneal ulceration 
and scarring usually only affect one eye. 

There are three other factors which may precipitate corneal 
destruction in xerophthalmia:

 O Herpes simplex: severe and often bilateral herpes 
simplex ulcers may develop.

 O Traditional eye medicines: application of toxic sub-
stances may cause damage and chemical burns to the 
conjunctiva and cornea.

 O Exposure: sick and malnourished children may lie with 
their eyes open and exposed, so the cornea is not 
protected by the eyelid.

Management
 O Apply topical antibiotics and ensure adequate closure 

of the eyelids. Give local aciclovir if herpes simplex is 
suspected. Give topical steroids (hydrocortisone 1% or 
betamethasone 0.1% eye drops or ointment) if a clear 
history of toxic traditional eye medication is obtained.

 O Give vitamin A capsules (200 000 IU/day in children 
over 1 year of age, 100 000 IU/day for those aged 
6–12 months, and 50 000/day for those under 6 months, 
for 2 days, then another dose in 2 weeks). Systemic 
antibiotics and rehydration may also be indicated.

The child who cannot see or who 
cannot see well
If only one eye is affected, the child and their family may 
not be aware of the problem. However, a child with poor 
vision in one eye only will often develop a squint in that 
eye (see below).

Cornea
Bilateral corneal scarring that is severe enough to cause 
serious visual impairment is most commonly a conse-
quence of xerophthalmia and measles (both of which are 
preventable, by giving vitamin A and immunisation). Careful 
refraction may improve the sight. An optical iridectomy or 
a corneal graft may also help.

Cataract
Cataract is the most common congenital ocular abnor-
mality. It may be present at birth, or may develop in early 
childhood. It may be complete, presenting as a dense 
white opacity in the pupil, or be incomplete and less obvi-
ous. There will be a normal pupillary light refl ex, so that 
the pupil constricts when a light is shone into the eye. In 
other causes of a white appearance of the pupil, including 
retinoblastoma, the reaction of the pupil to a light shone in 
the affected eye is usually lost.

Congenital cataracts require early expert surgical 
treatment, otherwise the child will develop nystagmus, 
which will prevent the development of good vision.

Congenital glaucoma
Congenital glaucoma usually presents with photophobia, 
a hazy cornea and often enlargement of the eye called 
buphthalmos. Urgent specialist surgery is required to con-
trol intra- ocular pressure and save what sight is available, 
otherwise the child will become irreversibly blind.

Retinal diseases
 O Retinopathy of prematurity is the commonest cause of 

acquired retinal disease. It is associated with excessive 
oxygen given to premature babies (see Section 3.4). It 
is now particularly common in middle- income countries, 
such as Latin America, Eastern Europe, the Middle East 
and Asia. In countries with highly developed intensive 
neonatal care services it is uncommon, and in resource- 
limited countries most very premature babies do not 
survive.

 O Retinitis pigmentosa is the most common congenital 
disorder of the retina. It affects the peripheral retina and 
causes night blindness.

 O Vitamin A defi ciency also causes night blindness by 
affecting rod photoreceptors in the peripheral retina.

 O Retinoblastoma is important because it is one of 
the few eye diseases that can be fatal in a child if not 
properly treated. The tumour can present in one eye or 
in both eyes as a white mass in the pupil, a squint, a 
painful infl amed eye or a mass in the orbit. If the eye is 
removed before the tumour has spread, the child’s life 
may be saved.

Optic nerve
Optic nerve hypoplasia or optic atrophy may be congenital. 
It may also be acquired following meningitis, or rarely fol-
lowing an infection such as typhoid or measles. There is 
no effective treatment.
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Cortical blindness
Cortical blindness occurs following severe brain insults such 
as meningitis or cerebral malaria. The pupillary light refl ex is 
normal, but the child cannot see. In some cases the vision 
gradually improves with time.

Management of blindness
 O In the majority of cases, management is with rehabilita-

tion and education rather than medical treatment.
 O Cataracts and glaucoma in particular must be recog-

nised and diagnosed early to preserve and save as much 
sight as possible.

 O Most blind children have some sight and should have 
an opportunity to use low- cost visual aids. Simple aids, 
manufactured locally, may enable children to read and 
so transform their opportunities for education. These 
aids may consists of a strongly positive lens worn as 
spectacles or used as a stand magnifi er.

Squint
Squint, or misalignment of the eyes (also known as stra-
bismus), is common in children. When assessing a child 
for squint, consider the following:

 O Does the child really have a squint? Look at the 
corneal light refl exes. If the refl ection of light is in the 
same position in each eye, there is no squint, but if one 
is asymmetrical then that eye is squinting.

 O Does the squint alternate? Cover the non- squinting 

eye. If the squinting eye moves to look at the light or 
object being held, and if the child can use either eye to 
fi xate, then the squint alternates. This means that the 
vision is fairly good in each eye, and the treatment of 
the squint is purely cosmetic.

 O If the squint does not alternate, is there any disease 
in the squinting eye? Test the pupillary light refl ex and 
then dilate the pupils with mydriatic eye drops. Look for 
diseases such as cataract, retinal scar and in particular 
retinoblastoma. Refer the child for treatment if you fi nd 
cataract or an abnormality in the retina. Treatment for 
retinoblastoma is urgent enucleation.

 O Is there a refractive error, such as hypermetropia 
(long sight) or myopia (short sight)? This requires 
refraction tests.

 O Is the squinting eye amblyopic (i.e. is there poor 
vision in the squinting eye)? At fi rst, squints cause 
double vision (diplopia), which the child fi nds confusing. 
As time passes, the visual acuity in the squinting eye 
becomes permanently suppressed. The treatment for 
amblyopia is to force the child to use the squinting eye 
by wearing an occlusive patch over the healthy eye for 
about 1 hour a day for several weeks.

Amblyopia only develops in young children, and it 
can only be treated in children under 5 years of age. 
Surgery may be required, but should not be considered 
until eye disease and refractive errors have been excluded 
and amblyopia has been treated.

5.16 Neurological disorders

5.16.A Coma

BOX 5.16.1 Minimum standards
 Q ABC and high- dependency care.
 Q Clinical chemistry. 
 Q Haematology, including blood fi lm for malaria.
 Q Toxicology, chest X- ray, cultures and lumbar puncture.
 Q Neuroimaging: CT and MRI (if available).

Introduction
Coma is a state of unresponsiveness, in which the child is 
unable to be aroused by external stimuli (physical, verbal 
or sensory) or inner needs. It results from a process either 
dif fusely affecting the cerebral hemispheres or directly 
impairing the function of the reticular activating system in 
the brainstem. 

It may be caused by: 
 O systemic disorders (e.g. metabolic encephalopathies)
 O intracranial diseases which are either diffuse or focal.

Primary assessment and resuscitation
Coma is a medical emergency that requires immediate 
assessment and detection of reversible causes. Initial 
quick resuscitative measures are paramount, before 
undertaking a full clinical assessment of the child.

History
A detailed history should be taken from the parent or carer, 
with a focus on the following:

 O possible cause of coma
 O onset and progression of unconsciousness
 O extent of injury 
 O signs of deterioration or recovery 
 O past medical history.

Examination
Clinical examination is directed towards identifying signs 
suggesting the following: 
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 O cause or causes
 O extent of injury
 O level of consciousness.

A general examination should be undertaken guided by the 
history and presumptive cause of coma. Identify immediate 

reversible causes of coma, such as hypoglycaemia, hyper-
glycaemia, trauma and seizures, and treat them accordingly 
(see Table 5.16.A.1). Look for rashes (e.g. purpura of 
meningococcaemia), tick bites, signs of trauma, evidence 
of ingestion of drugs or chemicals, and evidence of organ 
failure.

TABLE 5.16.A.1 Causes of coma

Trauma Head injury (consider child abuse)

Seizure Overt seizures, status epilepticus, subclinical seizures, post- ictal state

Infections Bacterial (meningitis): Streptococcus pneumoniae, Haemophilus infl uenzae, Neisseria meningitidis, 
streptococci (group B), Pseudomonas species, tuberculosis

Consider cerebral abscess

Viruses: herpes simplex, Japanese B virus (JBV), herpes zoster

Acute spirochaetaemia: syphilis, Lyme disease, leptospirosis

Parasitic: malaria, rickettsial

Fungal: Cryptococcus neoformans

Metabolic Hypoglycaemia: Excess insulin or metabolic disorders 

Hyperglycaemia: Diabetic ketoacidosis

Hypoxaemia
Electrolyte imbalance: hyponatraemia or hypernatraemia

Severe dehydration
Severe malnutrition
Organ failure: Liver failure, renal failure, Addison’s disease, respiratory failure

Drugs: Opiates, salicylates, organophosphates, benzodiazepines, thiazines, aluminium in patients undergoing 
dialysis, barbiturates, antidepressants

Other: Porphyrias, Reye’s syndrome

Poisoning Alcohol, recreational drugs, accidental/deliberate poisoning

Tumours Primary: medulloblastoma, astrocytoma

Secondary: leukaemias, sarcomas

Vascular Haemorrhage (subdural/subarachnoid), hypertension, hypotension, thrombosis, aortic stenosis, cardiac asystole, 
vacuities and collagen vascular syndromes

Shock syndromes Sepsis, trauma, burns, peritonitis

Causes of coma
The following features found on examination may be indica-
tive of specifi c causes.

 O Pulse: bradycardia may indicate raised intracranial 
pressure (RICP) or refl ect the effects of poisons or drug 
overdose.

 O Blood pressure: hypertension may indicate hyper-
tensive encephalopathy or signs of RICP; hypotension 
occurs in shock.

 O Temperature: this may indicate sepsis.
 O Respiratory pattern: this may be irregular due to 

brainstem lesion or RICP, rapid due to acidosis or aspirin 
ingestion, or slow due to opiate ingestion.

 O Pupil size and reactivity: pupil may be small due to 
opiate ingestion, or large due to amphetamine inges-
tion or RICP; pupils may be unequal and/or unreactive 
due to RICP.

 O Skin rashes: these may be due to infections (e.g. 
meningococcal septicaemia, dengue fever).

 O Breath odour: this may be caused by diabetic ketoaci-
dosis, alcohol ingestion, or inborn errors of metabolism. 

 O Hepatomegaly: this may indicate Reye’s syndrome or 
other metabolic disorders. 

 O Fundi: Papilloedema may indicate RICP; dilated veins 
may indicate RICP; retinal haemorrhages may indicate 
trauma or malaria; and exudates, retinal whitening and 
orange coloration of vessels may indicate other signs 
of malaria retinopathy

 O Posture/oculocephalic refl exes (see Figure 5.16.A.2): 
these are abnormal in RICP. 

Neurological examination
The purpose of the neurological examination is not only to 
identify features of raised intracranial pressure (including 
herniation syndromes), focal defi cits (e.g. space- occupying 
lesions) and lateralising signs (hemiplegic syndromes), but 
also to establish a baseline for comparison on subsequent 
evaluations. Examination may also help to provide prog-
nostic information.

Level of consciousness
Many methods exist for establishing the level of conscious-
ness. Two that are commonly used are the AVPU system, 
and coma scales.
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AVPU system
A = Alert
V = Response to Voice command 
P = Response to Pain 
U = Unresponsive

In this test: 
 O ‘A’ means that the patient is awake, alert and interacting 

with the environment.
 O ‘V’ means that the patient appears to be asleep, but 

when spoken to opens their eyes.
 O ‘P’ indicates that there is no response to a voice. but 

a painful stimulus will produce some response (e.g. a 
withdrawal).

 O ‘U’ indicates that the patient is completely unresponsive 
to any stimulus.

Figure 5.16.A.1 shows sites for the application of a painful 
stimulus in order to elicit a response.

Coma scales
These have been devised to measure the depth of coma 
and improve agreement between clinicians. Coma scales 
can also be used to monitor progression or regression of 
the depth of coma. Although many different versions exist, 
the most widely used ones are the paediatric modifi cation 
of the Glasgow Coma Scale (for children between the ages 
of 4 years and 15 years) and the Adelaide Coma Scale (for 
children under 4 years of age).

Pupillary reactions
Use a bright torch and from the side shine the light on 
the cornea of each eye in turn. Observe for pupillary size 

FIGURE 5.16.A.1 Sites for the application of a painful stimulus to 
elicit a response.

TABLE 5.16.A.2 Glasgow Coma Scale

Activity Best response Score

Eye opening Spontaneous 4

To verbal stimuli 3

To pain 2

None 1

Verbal Orientated 5

Confused 4

Inappropriate words 3

Incomprehensible sounds 2

None to pain 1

Motor Follows commands 6

Localises pain 5

Withdraws in response to pain 4

Abnormal fl exion in response to pain 
(decorticate)

3

Abnormal extension in response to 
pain (decerebrate)

2

No response to pain 1

TABLE 5.16.A.3 Adelaide Coma Scale

Activity Best response Score

Eye opening Eyes open spontaneously 4

To request 3

To pain 2

No response to pain 1

Verbal Orientated, alert 5

Recognisable and relevant words but 
less than usual, spontaneous cry

4

Cries only to pain 3

Moans only to pain 2

No response to pain 1

Motor Obeys commands 6

Localises painful stimulus 5

Withdrawal from pain 4

Abnormal fl exion to pain 
(decorticate)

3

Abnormal extension to pain 
(decerebrate)

2

No response to pain 1
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(constricted or dilated) and the reaction to light (normal, 
sluggish or non- reactive). While doing this test consider the 
effect of drugs used in treatment (e.g. benzodiazepines).

Ocular movements
 O Eyelid response.
 O Corneal response.

Oculocephalic refl exes (doll’s head 
manoeuvre)
In the normal state while turning the head sharply to one 
side, the eyes move to the opposite side. In the abnormal 
state the eyes only partly deviate or remain fi xed (see Figure 
5.16.A.2). 

Before performing this test it is important to check that 
there is no cervical injury.

Oculo- vestibular or caloric response 
Tilt the head forward at 30 degrees, and instil ice cold water 
in the ear. In the normal state the eyes turn to the side of 
the stimulus (see Figure 5.16.A.2). This manoeuvre tests 
brainstem function.

Before doing this test it is important to ascertain that 
the tympanic membrane is intact and there is no wax in the 
external meatus.

Motor function and activity 
Observe for tremors, abnormal movements and tone. The 
presence of hypertonia or hypotonia indicates a neuro-
muscular problem. Exaggerated deep tendon refl exes and 
clonus may indicate an upper motor neuron type lesion, 
whereas their absence may indicate a lower motor neuron 
type problem. 

Abnormal postures in an unconscious patient (e.g. 
decerebrate or decorticate rigidity) may indicate brain 
damage at cerebral or cortical level (see Figure 5.16.A.3).

Respiratory pattern
Abnormal variations in breathing pattern may be diffi cult to 
identify in children. The following may be sought for: 

 O irregular: consider seizures
 O Cheyne–Stokes: raised intracranial pressure, cardiac 

failure
 O Kussmaul breathing: acidosis, central neurogenic 

hyperventilation, midbrain injury, tumour or stroke

 O apneustic (periodic) breathing: pontine damage, 
central herniation.

Signs and symptoms of raised intracranial 
pressure 

 O Preceding history of headache.
 O Recurrent vomiting.
 O Sixth (abducens nerve) cranial nerve palsy.
 O Sluggish or no pupillary reaction.
 O Dilated retinal veins with reduced pulsations.
 O Papilloedema.
 O Subhyaloid retinal haemorrhages.
 O Bradycardia.
 O Raised blood pressure.
 O Irregular respiration.

FIGURE 5.16.A.3 Abnormal postures elicited in an unconscious patient by a painful stimulus. (a) No response. (b) Decorticate. (c) Mixed 
decorticate/decerebrate. (d) Decerebrate.

FIGURE 5.16.A.2 Oculocephalic refl ex (doll’s head manoeuvre) and 
oculo- vestibular response (ice- water caloric response).
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Investigations
These are guided by the presumptive clinical diagnosis. 
Essential tests may include the following:

 O Clinical chemistry for blood glucose, electrolytes, 
creatinine, urea, blood gases and liver function tests 
(including clotting profi le).

 O Blood fi lm for malarial parasites.
 O Haematological parameters such as full blood 

count and peripheral blood fi lm. Toxicological tests for 
salicylates, organophosphates, opiates, alcohol and 
paracetamol.

 O Blood cultures.
 O Lumbar puncture if there is a high index of suspicion of 

central nervous system infection. This should be delayed 
if there are features suggestive of raised intracranial 
pressure, the child is too sick, there is infection at the 
puncture site, there is a bleeding tendency or there is 
rash of meningococcal septicaemia. The child should 
be given antibiotics to cover the possibility of bacterial 
meningitis, and lumbar puncture should be deferred 
until a later date.

 O Chest X- ray if there is suspicion of tuberculosis or 
severe pneumonia.

If facilities are available, consider the following:
 O Computerised tomography (CT) scan or preferably 

magnetic resonance imaging (MRI) scan. These are 
particularly useful for detecting space- occupying lesions 
and traumatic injury. Contrast dye should be given if an 
infection or a tumour is suspected.

 O Plasma ammonia level and plasma and CSF lactate levels.
 O Urine and plasma for organic and amino acids.

Other investigations (if available)
These will depend on the cause of the coma, and include 
the following:

 O Hormonal assays: thyroid hormones, cortisol, ketos-
teroids (adrenal insuffi ciency).

 O Electroencephalography (EEG): this may be helpful in 
detecting seizures or encephalitis. It may also be useful 
in establishing the prognosis.

 O Evoked potential responses: these may help to 
detect brainstem lesions.

 O Neuroimaging: magnetic resonance angiography or 
MRI or CT scan.

Differential diagnosis
A simple way to establish a cause would be to determine 
whether it is primarily intra-  or extracranial. Intracranial 
conditions may be subdivided into those with or without 
focal signs. Extracranial causes include encephalopathies 
arising from metabolic derangements or exogenous toxins. 
The common causes are listed in Table 5.16.A.1.

Management
The prognosis depends on the aetiology, age of the patient, 
and level of consciousness at presentation. The presump-
tive cause of coma guides the treatment and the initial 
response to appropriate interventions.

See subsequent subsections and disease- specific 
sections (e.g. meningitis (Section 5.16.B), malaria (Section 
6.3.A.d), tuberculosis (Section 6.1.N)). Consider the follow-
ing interventions for general coma management.

Immediate general management: overview – 
see relevant sections for detail
ABC support of vital functions (see Section 1.11)

 O Support respiration if respiratory effort is not adequate 
to maintain the desired oxygen saturation and/or carbon 
dioxide excretion.

 O Support circulation to maintain adequate cerebral 
perfusion (aim to keep systolic blood pressure at normal 
values for age, and avoid hypotension).

 O Assess for and treat hypoglycaemia (see Section 5.8.B)
 O Maintain normoglycaemic state: be cautious about 

administering insulin to hyperglycaemic patients, as 
hyperglycaemia may be stress induced.

 O Assess and maintain electrolyte balance: avoid 
hyponatremia: use Ringer- lactate or Hartmann’s solu-
tion, both with added glucose (50 mL of 50% glucose in 
500 mL of crystalloid gives a 5% solution, 100 mL gives 
a 10% solution). If possible keep serum sodium levels 
in the normal range (135–145 mmol/litre).

 O Treat seizures if present and give prophylactic anti-
convulsants if the child has repeated seizures (see 
Section 5.16.E and 5.16.D).

 O Treat for meningitis if this is an acute illness (see Section 
5.16.B).

 O Treat for cerebral malaria if history and test confi rm (see 
Section 6.3.A.d).

 O Insert a nasogastric tube to aspirate the stomach 
contents. Perform gastric lavage in circumstances such 
as drug or chemical ingestion.

 O Assess for and treat hypoglycaemia (see Section 5.8.B)
 O Regulate the body temperature (avoid hyperthermia, 

i.e. temperature > 37.5°C).
 O Undertake appropriate medical management of raised 

intracranial pressure.
 O Support ventilation (maintain a pCO2 of 3.5–5.0 kPa).
 O Reduce raised intracranial pressure by using the 

following:
 — Mannitol: 250–500 mg/kg, i.e. 1.25–2.5 mL/kg of 
20% IV over 15 minutes; repeat as required based 
on response and clinical signs (maximum total dose 
2 grams/kg).

 — Hypertonic saline: 3 mL/kg of 3% sodium chloride as 
required, to a maximum increase of plasma sodium 
level of 10 mmol/litre. 

 O Dexamethasone (for life threatening cerebral oedema 
surrounding a space- occupying lesion): 

 — Child under 35 kg; 20 mg initially then 4 mg 3 hourly for 
3 days, then 4 mg every 6 hours for 1 day, then 2 mg 
every 6 hours for 4 days then decrease by 1 mg daily.

 — Child over 35 kg; 25 mg initially, then 4 mg 2 hourly 
for 3 days, then 4 mg 4 hourly for 1 day, then 4 mg 
6 hourly for 4 days then decrease by 2 mg daily.

 O Catheterisation for bladder care and urine- output 
monitoring.

 O Plan for continued regular clinical assessment, mainly 
nursing observations of pulse, respiration, blood pres-
sure and level of consciousness.

Intermediate general management
 O Prevent the child from falling out of the bed.
 O Nutritional support: give enteral nutrients to prevent 

malnutrition during periods of unconsciousness.
 O Skin care: prevent bed sores by turning the patient.
 O Use eye padding to avoid xerophthalmia.
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 O Family counselling, support and consent in the case of 
invasive procedures.

 O Chest physiotherapy is needed to avoid hypostatic 
pneumonia.

 O Restrict fl uids to 80% of maintenance if evidence of 
water retention is seen.

 O Prevent deep vein thrombosis by physiotherapy and/or 
use of anti- embolism stockings.

 O Maintain oral and dental hygiene.
 O To avoid infection, provide appropriate care for central 

and peripheral venous or arterial access by maintaining 
sterility when handling the sites.

 O Be alert for hospital- acquired infection.

Long- term management
Provide rehabilitation, family education and support for 
disabilities that may arise. Seizures need to be looked for 
and treated.

Cerebral malaria (see Section 6.3.A.d)
In endemic areas, malaria is by far the commonest cause 
of coma. The majority of children affected are in the second 
year of life. Onset of coma is dramatic: the child may be well 
in the morning and comatose by the evening. The fatality 
rate is high even after prompt administration of antimalarial 
drugs. Neurological sequelae (i.e. hemiplegia, spasticity, 
blindness, deafness) may occur.

5.16.B Bacterial meningitis 

BOX 5.16.B.1 Minimum standards 
 Q Lumbar puncture.
 Q Early parenteral antibiotics.
 Q Antituberculous drugs (if indicated).
 Q Dexamethasone (if indicated).
 Q Anticonvulsants.
 Q Monitoring of vital signs, fl uid balance, blood glucose 

and electrolytes.
 Q Immunisation and/or prophylaxis for contacts.
 Q Follow- up for neurological sequelae.

The incidence of bacterial meningitis is about ten times 
higher in resource- limited than in well- resourced countries, 
and the outcome is worse. Mortality is reported to be 
12–44% in resource- limited countries, and less than 5% 
in well- resourced coun tries. In the former, sequelae are 
under- reported and frequent (20%), including signifi cant 
neurological impairment and hearing loss.

Pathogens that cause meningitis
 O Worldwide,  the commonest  pathogens are 

Streptococcus pneumoniae, Haemophilus infl uenzae 
and Neisseria meningitidis. Local incidence varies, 
and in many countries has been altered by vaccine 
availability.

 O Neonatal meningitis is most commonly caused by 
group B streptococcus (Streptococcus agalactiae) 
and E. coli. Other coliforms and streptococci, as well 
as Neisseria meningitidis and Listeria monocytogenes, 
may also occur. Listeria monocytogenes and Group B 
streptococci cause both early and late neonatal infec-
tions, and may have a better prognosis than infections 
caused by coliforms. Neonatal meningitis has a poorer 
prognosis than most community- acquired meningitis 
of later childhood.

Diagnosis of meningitis
Clinical

 O In infants and children: fever, neck stiffness, bulging 
fontanelle (in infants), vomiting, headache, altered con-
sciousness and possibly convulsions. In meningococcal 

meningitis there may be a maculopapular or petechial 
rash.

 O In neonates: signs are more subtle and non- specifi c 
and include poor feeding, hyper-  or hypothermia, con-
vulsions, apnoea, irritability and a bulging fontanelle.

Laboratory
 O Contraindications to lumbar puncture include evidence 

of raised intracranial pressure (especially coma or focal 
neurological signs), the child being too sick to tolerate 
a fl exed position, infection at the puncture site, bleed-
ing tendency (blood clotting or platelet disorder), or a 
widespread petechial rash suggesting meningococcal 
disease. In these situations, antibiotics should be started 
and lumbar puncture delayed until it is safe to undertake.

 O Gram stain of CSF may identify bacteria in about two- 
thirds of cases, and provides a guide to choice of 
antibiotic therapy in the absence of culture facilities.

 O Other laboratory tests of use include blood culture and 
polymerase chain reaction (PCR) of CSF, and for general 
management, full blood count, serum electrolytes and 
glucose levels, and urine specifi c gravity. In malarial 
areas, undertake a blood smear and treat appropriately. 
Both meningitis and malaria may coexist in a patient and 
be diffi cult to distinguish from each other.

Other pathogens
Consider tuberculous meningitis in children who do not 
respond to the initial antibiotics, particularly if two or more 
of the following are present: history more than 7 days, HIV 
known or suspected, patient remains unconscious, CSF 
has a moderately high white blood cell count (typically 
> 300–500/mL, mostly lymphocytes), elevated protein lev-
els (0.8–4 grams/litre) and low glucose levels (< 1.5 mmol/
litre), Chest X- ray suggests tuberculosis, optic atrophy, 
focal neurological defi cit or extrapyramidal movements 
(see Section 6.1.N).

Children with HIV are more prone to meningitis and 
septicaemia caused by Streptococcus pneumoniae 
and Salmonella species, and relapse is more frequent. 
Non- typhoidal Salmonella (NTS) meningitis is common 
in post- malarial anaemia and malnutrition, and requires 
lengthy antibiotic treatment (at least 1 month). 

Fungal infections (e.g. Cryptococcus neoformans), 
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mostly in children with HIV, often cause severe headache 
without neck stiffness. Lumbar puncture may improve 
symptoms.

Therapy
Antibiotic choices depend upon activity against the infect-
ing organism, CSF penetration, cost and availability of the 
antibiotic, route of administration, and local patterns of 
antibiotic resistance (see Tables 5.16.B.2, 5.16.B.3 and 
5.16.B.4). If national guidelines are available they should be 
followed. The degree of diagnostic certainty is also impor-
tant, especially in the case of meningitis with minimal rash, 
as treatment should be given for all the common causes 
of bacterial meningitis according to the child’s age group.

It is important to know the antimicrobial sensitivities in 
the local area. Antimicrobial resistance has emerged among 
the three major bacterial pathogens that cause meningi-
tis outside the neonatal period. In the meningococcus, 
intermediate penicillin resistance may occur and chloram-
phenicol resistance is emerging. Haemophilus infl uenzae 
infections are also frequently beta- lactamase resistant, and 
chloramphenicol resistance has been described. Third- 
generation cephalosporins are therefore the drugs of choice 
for both organisms, although if they are precluded on the 
basis of cost, chloramphenicol (plus penicillin or ampicillin) 
is an alternative. Pneumococci resistant to penicillin and to 
chloramphenicol are widespread in Asia and some parts 
of Africa, and third- generation cephalosporins are again 
the drugs of choice. However, pneumococcal resistance 
to third- generation cephalosporins may occur. Treatment 
of these strains requires the addition of vancomycin or 
rifampicin to therapy with third- generation cephalosporins.

Third- generation cephalosporins (ceftriaxone or cefo-
taxime) may be necessary fi rst- choice antibi otics in some 
areas. In neonates, ceftazidime, which is also active against 
Pseudomonas infections, may be the most suitable drug. 

The antibiotic regimen should be rationalised once 
culture and sensitivity results for the infecting organism 
become available.

During confi rmed epidemics of meningococcal men-
ingitis and where there are other signs such as petechial 
rash, lumbar punctures are unnecessary. If resources are 
very limited, oily chloramphenicol (100 mg/kg IM) as a single 

dose of up to 3 grams can be curative. If the oily dose is too 
large for one buttock, divide it into two doses. Alternatively, 
single- dose IM ceftriaxone, 100 mg/kg up to 4 grams, may 
be recommended.

Duration of therapy
Neonates require 14–21 days of treatment. In infants and 
children, a 10- day course is usually adequate for pneumo-
coccal and Haemophilus infections, and a 7- day course 
for meningococcal infections. Seven days of ceftriaxone 
treatment is usually suffi cient. Where antibiotic availability is 
very limited, some authors have used 5-  to 7- day courses 
of ceftriaxone for uncomplicated meningococcal, pneumo-
coccal or Haemophilus meningitis in infants and children.

Corticosteroids
Dexamethasone may reduce the incidence of neuro-
logical sequelae and deafness in bacterial meningitis, 
although studies in resource- limited countries have 
been inconclusive. The usually recommended dose 
of dexamethasone is 0.15 mg/kg four times daily for 
4 days (or if this is not available, prednisolone 2 mg/
kg per day for 4 days). The fi rst dose should be given 
concurrently with, or a maximum of 4 hours after, fi rst 
antibiotic administration.

There is no evidence that corticosteroids are helpful 
in bacterial meningitis where there is delay in presentation 
and antibiotics have already been given some hours ear-
lier. Steroids are generally not indicated in meningococcal 
disease.

Do not use steroids in the newborn or in children younger 
than 3 months, or in patients with suspected cerebral 
malaria or viral encephalitis.

Nursing and ongoing care
Monitoring

 O Careful observation is essential.
 O Raised ICP and shock are the most severe complica-

tions. Early recognition and treatment are essential.
 O Daily weights and urine specifi c gravity aid the assess-

ment of fl uid requirement.
 O Temperature, pulse, blood pressure, capillary refi ll time 

(normal value is less than 3 seconds), respiratory rate 

TABLE 5.16.B.1 Bacterial meningitis: typical fi ndings in cerebrospinal fl uid

Condition White cell count (×109/L) Cell differential Protein (g/litre) Glucose (mmol/litre)

Normal 0.5
< 22 in full term, 
< 30 in premature neonates

PMN ) 2 but < 15 in 
neonate

< 0.5 Two- thirds blood 
glucose

Acute bacterial 
meningitis*

100 to > 300 000 Mostly PMN. Monocytes 
in Listeria infection

> 1.0 < 2.5

Tuberculous 
meningitis

50–500 sometimes higher Lymphocytes early but 
also PMN

> 1.0 < 2.5,

Usually 0

Herpes encephalitis usually < 500 Mostly lymphocytes PMN 
early in the disease

> 0.5 Normal

Cerebral abscess 10–200 PMN or lymphocytes > 1.0 Normal

Traumatic tap WBC and RBC RBC/WBC =500/1 Increases by 0.001 g/L 
per 1000 RBC

*Bacterial meningitis can occur without a pleocytosis. Partial treatment will alter these fi ndings. PMN, polymorphonuclear 
granulocytosis; WBC, white blood cell count; RBC, red blood cell count. 



599

Section 5.16

and effort, conscious level and pupillary responses 
should be monitored frequently after admission (4-  to 
6- hourly), particularly in patients with meningococcal 
disease (see Section 6.1.G). Pulse oximetry is valuable (if 
available) for monitoring oxygenation and for identifying 
early evidence of respiratory compromise.

 O A critical care pathway is an ideal way of incorporating 
observations, treatment and laboratory fi ndings on one 
chart. Doses and treatments can be standardised and 
incorporated on the chart.

 O Ideally, if available, monitor electrolytes (sodium, potas-
sium, calcium and magnesium, urea and/or creatinine) 
and replacement of fl uid defi cits (hyponatraemia due to 
excessive IV administration of hypo- osmolar solutions is 
common, and can predispose to seizures). Monitoring 
of full blood count and coagulation screen should be 
undertaken regularly if these are initially abnormal.

Supportive care
Fluids
Maintenance fl uids should be given once any shock or 
dehydration has been corrected, initially by the IV route but 
later by nasogastric tube or orally. The degree of dehydra-
tion may be underestimated, and deep breathing may be 
a sign of acidosis. Low serum sodium levels often occur in 
meningitis. Avoid over- hydration by maintaining careful fl uid 
balance, and in particular avoid IV fl uids with low sodium 
levels such as 5% glucose. Use Hartmann’s solution with 
added glucose (5–10%) or a similar proprietary fl uid. If 
electrolytes are being measured, maintain serum Na+ in the 
high normal range and above 135 mmol/litre.

Fluid balance
Urine output should be monitored, particularly in the 
unconscious child. Weighing nappies can be useful in the 
infant or young child. Catheterisation, unless undertaken 
in an aseptic way, can lead to urinary tract infection and is 
unwise if resources are limited.

Cerebral support
Seizures must be controlled with anticonvulsants, but 
there are no data to support routine use of prophylactic 
anticonvulsants (see Section 5.16.D and Section 5.16.A 
on seizures and coma).

If there is a high fever (> 39°C), apply temperature 
reduction methods, including paracetamol.

Blood glucose levels must be monitored every 4 hours, 
particularly in the infant and young child. Hypoglycaemia 
must be considered in any child with seizures or altered 
consciousness and corrected as follows: give 2–5 mL/
kg of 10% glucose IV and recheck blood glucose levels 
30 minutes later. If they remain low (less than 2.5 mmol/
litre), repeat the IV glucose dose (5 mL/kg) and ensure that 
glucose is included in any infusion.

Gastric and airway protection
A nasogastric tube may be helpful in unconscious children 
or in those who are vomiting, in order to protect the airway. 
A small amount of milk (1 mL/kg/hour) passed down this 
nasogastric tube may prevent gastric erosions. Gastric 
protection may also be provided by using drugs such as 
ranitidine or omeprazole (if available).

Nutritional support
A nasogastric tube should be inserted if the child is unable 
to feed orally after 24 hours. Continue expressed breast 
milk if the child is breastfed, or give milk feeds 15 mL/kg 
every 3 hours.

Bedside care
Turn an unconscious child 2- hourly, keeping them dry, and 
prevent overheating. Insert a nasogastric tube if there is 
persistent vomiting.

Include the mother or family members in progress 
reports, and make them part of the caring team.

Complications
 O Convulsions with or without hypoglycaemia (see 

Sections 5.16.D and E for management of convulsions).
 O If fever does not settle within 48 hours and if the child’s 

condition deteriorates or is not improving, repeat lumbar 
puncture and review the CSF fi ndings, and consider drug 
resistance and tuberculous meningitis.

 O If the fontanelle is patent, monitor the head circumfer-
ence daily to detect hydrocephalus. Consider a head 
ultrasound scan to look for ventriculitis, ventricular 
dilatation, subdural effusion or brain abscess. In older 
chil dren, computed tomography or magnetic reso-
nance imaging may be helpful for assessing the size 
and position of any intracranial lesion (if available and if 
intervention is possible).

 O Aspiration pneumonia may occur in the unconscious 
child.

 O Hydrocephalus, deafness, visual loss, epilepsy and 
neurological defi cits may develop and be evident either 
early in disease or at follow- up. Around 20% of cases 
worldwide will develop serious sequelae.

Follow- up
 O Undertake hearing tests in all children, and neurological 

assessments and head circumference measurements 
(in infants) on discharge from hospital and at post- 
discharge visits 1 month and 6 months after recovery. 
In the absence of effective treatment, a deaf child will 
require training in lip- reading and sign language, and 
they and their family will need signifi cant support.

 O New sequelae are unlikely to develop after discharge, 
but may have been missed.

 O Physiotherapy may be required if neurological sequelae 
have resulted in contractures.

Immunisation to prevent meningitis
Highly effective protein- conjugated polysaccharide vac-
cines are available against Haemophilus infl uenzae and 
several serogroups of Streptococcus pneumoniae and 
Neisseria meningitidis. They are effective in young infants as 
well as in older children and adults. If they are unavailable, 
plain polysaccharide vaccines against Neisseria meningi-
tidis and Streptococcus pneumoniae may be provided. 
Vaccine availability may be limited in low- income countries.
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TABLE 5.16.B.2 Antibiotic choices by age group for immediate treatment and where the infecting organism is not known

Age group Probable pathogen Antibiotics of choice Alternative antibiotics

Neonates Gram- negative bacteria

Group B streptococci

Listeria
Neisseria meningitidis
Streptococcus pneumoniae
Haemophilus infl uenzae

Ampicillin plus third- generation 
cephalosporin: cefotaxime/
ceftriaxone

Penicillin (but use ampicillin if Listeria 
is suspected) plus gentamicin or 
ceftazidime

1 month to 
5 years

Neisseria meningitidis
Streptococcus pneumoniae
Haemophilus infl uenzae

Third- generation cephalosporin: 
cefotaxime/ceftriaxone

Add vancomycin or rifampicin if 
there is S. pneumoniae resistance

Chloramphenicol plus ampicillin

Add vancomycin or rifampicin if there is 
S. pneumoniae resistance

Children over 
5 years

Neisseria meningitidis
Streptococcus pneumoniae

Third- generation cephalosporin: 
cefotaxime/ceftriaxone

Add vancomycin or rifampicin if 
there is S. pneumoniae resistance

Chloramphenicol plus ampicillin

Add vancomycin or rifampicin if there is 
S. pneumoniae resistance

For all age groups, if there is no improvement after the third day, look for evidence of cerebral abscess or subdural effusions, where 
relevant. These would manifest as continuing fever, localising neurological signs or decreased consciousness. Ultrasound or CT (if 
available) would be helpful. Seek neurosurgical advice (if available). Repeat the lumbar puncture, looking for evidence of improvement 
such as a reduced white cell count or increased CSF glucose levels. Add in a third antibiotic. Consider other sites of infection, such as 
cellulitis, pneumonia with empyema, arthritis or osteomyelitis.

Give all antibiotics parenterally (IV or IM) for at least 3 days. Chloramphenicol can then be given orally if the child is signifi cantly 
improved.

The IM route may be used if the IV route cannot be accessed. High oral doses of chloramphenicol can be used if there is no 
alternative, but are not recommended for infants under 3 months of age.

TABLE 5.16.B.3 Antibiotic therapy in bacterial meningitis where the infecting organism is known

Organism Antibiotics of choice Alternative antibiotics Duration

Haemophilus infl uenzae Ceftriaxone/cefotaxime Ampicillin plus chloramphenicol* 10–14 days

Streptococcus pneumoniae† Ceftriaxone/cefotaxime Ampicillin/benzylpenicillin plus 
chloramphenicol*

10–14 days

Neisseria meningitidis Ceftriaxone/cefotaxime Benzylpenicillin plus chloramphenicol* 7 days

Gram- negative bacilli 
(including E. coli)

Ceftriaxone/cefotaxime with or 
without gentamicin

Ampicillin plus gentamicin or 
chloramphenicol*

At least 21 days‡

Salmonella enteritidis Ceftriaxone/cefotaxime plus IV 
ciprofl oxacin (if available)

Meropenem or chloramphenicol* plus 
ampicillin (may be incomplete cover 
and excess mortality compared with 
cephalosporins)

At least 21 days‡

Listeria monocytogenes Ampicillin plus gentamicin 10–14 days

Group B streptococcus Benzylpenicillin plus gentamicin or 
ceftriaxone/cefotaxime

10–14 days

Staphylococcus species Flucloxacillin plus gentamicin Flucloxacillin plus chloramphenicol* 10–14 days

* Chloramphenicol should be used with caution in children under 3 months of age. Monitoring of serum levels is advisable in this 
group.
† Streptococcus pneumoniae infections that are resistant to penicillins and cephalosporins are increasingly prevalent. If resistance is 
suspected, add either rifampicin or vancomycin (see doses below).
‡ Gram- negative infections are diffi cult to treat and have a high rate of sequelae. A repeat lumbar pucture to ensure response to 
antibiotics may be indicated if the clinical picture is not improving.

The choice of antibiotic depends on local antibiotic resistance patterns, national guidelines and drug availability.

Give all antibiotics parenterally for at least 3 days.

Once culture and sensitivity results are available, empirical antibiotics should be changed accordingly.

Do not delay antibiotic therapy if cephalosporins are unavailable; use the next most appropriate antibiotic combination.
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Bacterial meningitis: prophylaxis for 
contacts
Neisseria meningitidis
Give rifampicin to all household contacts for 2 days as fol-
lows: adults, 600 mg twice daily; children aged 1 month to 
12 years, 10 mg/kg twice daily; neonates, 5 mg/kg twice 
daily (see Section 6.1.G for alterna tive antibiotics and vac-
cination regimes).

In many countries, rifampicin is protected from use in 

any disease other than TB. In this case consider giving 
ciprofl oxacin orally as a single dose as follows: adults, 
500 mg; children aged 5–12 years, 250 mg; children aged 
1 month to 5 years, 125 mg.

Haemophilus infl uenzae
Give rifampicin to all non- vaccinated household contacts 
for 4 days at the doses stated above.

TABLE 5.16.B.4 Bacterial meningitis: antibiotic doses

Antibiotic Route Dose

Ampicillin IV 100 mg/kg/4–6 hourly (max. single dose 2 g every 4 hours)

Benzylpenicillin IV 50 mg/kg/4 hourly (max. single dose 2.4 g)

Cefotaxime IV 50 mg/kg/6 hourly (max. daily dose 12 g)

Ceftriaxone IV or IM 80 mg/kg/24 hours once daily* (max. single dose 4 g) large doses preferably IV

Chloramphenicol IV 25 mg/kg 6 hourly† (after loading dose of 50 mg/kg)

Oral 25 mg/kg 6 hourly†

IM An oily preparation of chloramphenicol is available and is usually used in a single dose of 
50–100 mg/kg with a maximum dose of 3 g. The dose may be repeated after 24 hours. It is 
recommended only if more suitable alternatives are unavailable

Flucloxacillin or cloxacillin IV 50 mg/kg 6 hourly (max. dose 8 g/day)

Gentamicin IV or IM 1 month- 12 years 2.5 mg/kg 8 hourly‡ (see Section 3.4 for neonatal doses)

Ciprofl oxacin IV 10 mg/kg 8 hourly (10 mg/kg/12 hourly in the neonate)

Meropenem IV 1 month to 12 years body weight < 50 kg; 40 mg/kg 8 hourly; body weight > 50 kg; 2 g 
every 8 hours (maximum single dose 2 g) by slow IV injection over 5 minutes

12–18 years 2 g every 8 hours

Vancomycin IV 15 mg/kg loading dose and then 10 mg/kg 6 hourly‡ (total daily dose should not exceed 2 g)

* Ideally, 80 mg/kg 12- hourly should be given for the fi rst two doses, followed by 80 mg/kg/24 hours.
† Although not recommended in children under 3 months old or in malnourished children, the evidence for this is slight.
‡ Monitoring of drug levels is strongly advised if at all possible, with adjustment of doses.

For doses in the neonatal period, see Section 3.4

5.16.C Encephalitis

BOX 5.16.C.1 Minimum standards
 Q ABCD and intensive care. 
 Q Lumbar puncture, basic clinical chemistry and 

haematology.
 Q Temperature control.
 Q Anticonvulsants. 
 Q Antiviral and antibiotic drugs.

Introduction
Encephalopathy refers to a clinical syndrome of reduced 
consciousness for which there may be a variety of causes. 
Encephalitis is an infl ammatory process involving primarily 
the brain parenchyma, but sometimes also the meninges 
(meningoencephalitis) or spinal cord (encephalomyelitis). 
Primary encephalitis refers to cases in which the causative 
agent invades and replicates within the nervous system, 
whereas in post- infectious encephalitis the clinical manifes-
tations appear to be caused by an immunological response 
to the agent. In practice it can be diffi cult to differentiate 

between the two entities. This subsection focuses on pri-
mary infectious encephalitis.

Aetiology
 O In many instances no specifi c aetiological agent can 

be identifi ed.
 O Geographical location and seasonal variation infl uence 

the frequency of infection with specifi c organisms. 
 O Viruses are the responsible pathogen in the majority of 

cases (see Table 5.16.C.1). 
 O Arboviruses are an important cause of encephalitis 

worldwide, but the major contributor within the arbovirus 
group, the Japanese encephalitis virus (JEV), is limited 
to Asia and the Pacifi c Rim. 

 O Enteroviruses are a common seasonal cause of enceph-
alitis in Europe and the USA. In the last decade there 
have been periodic large outbreaks of enterovirus 71 
infections in Asia, and the overall incidence of enterovirus 
71 is increasing in this region.
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TABLE 5.16.C.2 Suggested investigations in children with acute encephalitis, with reference to differential diagnosis

Investigation Relevance

Blood glucose levels Hypoglycaemia (common in infants and children with severe infections and poor oral intake/
vomiting)

Hyperglycaemia (diabetes)

Metabolic encephalopathies, inborn errors of metabolism

Full blood count, blood fi lm Cerebral malaria (in endemic regions, returning travellers, etc.)

Urea and electrolytes Hyponatraemia, syndrome of inappropriate secretion of antidiuretic hormone

Liver function tests Reye’s syndrome, metabolic encephalopathies

Liver failure

Arterial blood gas Metabolic encephalopathies

To assess severity, particularly in individuals with brainstem compromise

Ammonia Reye’s syndrome, metabolic encephalopathies

Blood culture and Widal test Typhoid and other septicaemias may have encephalopathic features

Acute and convalescent 
serology

To include locally relevant pathogens (e.g. Japanese encephalitis serology in Asia) and those 
suggested by history and examination (e.g. measles, mumps, varicella, HSV, Mycoplasma, 
Legionella)

Toxicology Heavy metals, pesticides

Erythrocyte sedimentation rate Collagen vascular disorders

Autoantibodies Collagen vascular disorders

Cerebrospinal fl uid (CSF)
 O Examination and culture
 O CSF PCR

Bacterial meningitis

Tuberculous meningitis

Intracranial haemorrhage

HSV

Enterovirus 71

Electroencephalography (EEG) Status epilepticus

Neuroimaging (with contrast 
enhancement)

Space- occupying lesion (malignancy, brain abscess)

Tuberculous meningitis

Intracranial haemorrhage

TABLE 5.16.C.1 Causes of viral encephalitis according to geographical region

America Europe and the Middle East Africa Asia Australasia

 O West Nile Virus
 O La Crosse
 O St Louis
 O Dengue
 O Rabies

 O Tick- borne encephalitis
 O West Nile virus
 O Rabies

 O West Nile virus
 O Rift Valley fever virus
 O Congo- Crimean 

haemorrhagic fever
 O Dengue 
 O Rabies

 O Enterovirus 71
 O Japanese encephalitis
 O West Nile virus
 O Dengue
 O Murray Valley encephalitis
 O Rabies
 O Nipah

 O Murray Valley 
Encephalitis

 O Japanese 
Encephalitis

 O Sporadic 
causes

 O Herpes simplex 1 and 2
 O Varicella zoster virus
 O Epstein–Barr virus
 O Cytomegalovirus
 O Human herpes virus 6 and 7
 O Coxsackieviruses
 O Echoviruses
 O Enteroviruses 70 and 71
 O Parechovirus
 O Poliovirus 
 O Measles
 O Mumps
 O Rubella

 O Herpes simplex type 1 (HSV- 1) causes sporadic enceph-
alitis worldwide.

 O The common childhood viral infections such as measles, 
mumps, rubella and chickenpox (varicella zoster virus, 
VZV) may all involve the nervous system.

 O Spirochaetal infections including syphilis, leptospiro-
sis and Lyme disease are a well- recognised cause of 
meningoencephalitis. Other organisms such as Brucella 
are occasionally implicated. Mycoplasma pneumo-
niae is an important and treatable cause. Neurological 
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involvement may occur in chlamydial and rickettsial 
infections, and both fungi (e.g. Cryptococcus) and 
parasites (e.g. Angiostrongylus cantonensis) may cause 
meningoencephalitis. 

 O Immunocompromised individuals are at particular risk of 
developing parasitic and fungal infections.

 O Encephalitis has been noted to occur following a wide 
variety of immunisations. Fortunately, improvements in 
vaccine technology in recent years have meant that such 
complications are now rare.

Clinical features
Presentation
The following clinical manifestations commonly occur, 
whatever the aetiological agent:

 O An acute systemic illness with fever, headache, nausea 
and vomiting.

 O Generalised seizures, less commonly focal.
 O Behavioural or personality changes.
 O Deteriorating conscious level, confusion and drowsi-

ness, lapsing into coma.
 O Neck stiffness is common but not invariable.
 O Signs of involvement of any part of the nervous system 

may be present (e.g. hemiparesis, ataxia, myelitis, move-
ment disorder, brainstem abnormalities).

 O A rash may point to a specifi c diagnosis (e.g. measles, 
VZV, enteroviruses).

 O Presentation may be subtle and/or subacute in immu-
nocompromised individuals.

 O Signs of raised intracranial pressure (ICP) may be pre-
sent. The possible contribution of raised ICP to the 

clinical picture should always be considered, as this 
may be amenable to treatment.

Severity ranges from a mild illness with fever, a single brief 
seizure and confusion lasting for 2–3 days, to a more 
prolonged illness with a fl uctuating level of consciousness 
and evolution of neurological signs over several weeks. 
Occasionally the course may be fulminating, with death 
occurring within a few days.

Diagnosis
The following investigations (see Table 5.16.C.2) should 
be considered in all cases but may be constrained by lack 
of resources. Efforts should be directed towards identify-
ing those diseases that are treatable, common locally, or 
indicated by specifi c details in the history.

CSF examination and culture provide valuable diagnos-
tic information, but if the child shows evidence of raised 
ICP, has signs suggestive of a space- occupying lesion or 
has cardiovascular compromise, lumbar puncture may be 
contraindicated. Lumbar puncture should be deferred until 
considered clinically safe, and antimicrobial therapy should 
be prescribed empirically, directed towards the common 
pathogens and antibiotic sensitivity patterns in the region. 

Typical findings in the CSF in viral encephalitis are 
documented in Table 5.16.C.3, together with characteristic 
features on EEG and neuroimaging. In general it is possible 
to differentiate between viral and bacterial CNS infections 
on the basis of the CSF picture. If there is doubt, however, 
empirical antibiotic therapy should be given pending CSF 
culture results (see Section 5.16.B). Alternatively, if the child 
is stable, the lumbar puncture should be repeated after 
24–48 hours while observing the clinical condition closely. 

TABLE 5.16.C.3 Typical fi ndings in viral encephalitis

Investigation Findings

CSF microscopy and 
biochemistry

 O Rarely may be normal
 O Usually lymphocyte- predominant pleocytosis (from a few to several thousand white blood cells/mm3)
 O In early disease, polymorphonuclear cells may predominate
 O Mildly elevated or normal protein levels
 O Normal CSF/plasma glucose ratio
 O Absence of microorganisms on Gram stain
 O Eosinophilia suggests parasitic infection
 O India- ink stain: cryptococcus
 O Normal CSF opening pressure (< 25 cmH2O)

Electroencephalography 
(EEG)

 O Virtually always abnormal
 O Diffuse slow waves; occasionally unilateral patterns may suggest particular causative agents, such as 

HSV (see below) or subacute sclerosing panencephalitis

Neuroimaging: CT or MRI  O May be normal
 O Cerebral oedema is common
 O Features may suggest particular causative agents (e.g. HSV, Japanese encephalitis virus)

Management
In the majority of cases no specifi c treatment is available, 
and management is primarily supportive.

 O Provide bed rest, and analgesia for headaches. Care is 
needed with sedation, as a deterioration in conscious 
level may be obscured and/or respiratory depression 
may occur.

 O Antipyretics may be used to alleviate distress, but are no 
longer recommended solely to reduce the temperature.

 O Ensure adequate oxygenation (SaO2 > 94%).
 O Regularly monitor electrolytes and review fl uid balance. 

Fluid restriction may not be appropriate if the cardiac 
output is low. Aim to keep the serum sodium level (and 
other electrolytes) within the normal range. Consider the 
possible causes of hyponatraemia (e.g. vomiting/gastro-
intestinal losses, excessive hypotonic intravenous fl uids, 
over- hydration, syndrome of inappropriate secretion of 
antidiuretic hormone) and act accordingly.

 O Critically ill children, particularly those with evidence 
of brainstem involvement or raised ICP, should be 
managed in an intensive- care unit if possible. Assisted 
ventilation and cardiovascular support should be 
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instituted early if there is evi dence of compromise. 
Children should be nursed with the head in the midline 
and tilted 20 degrees up. If they are ventilated, normo-
capnia should be maintained.

 O Control of seizures (see Section 5.16.D and E). Caution 
is required when using anticonvulsant drugs with the 
potential to cause respiratory depression. EEG monitor-
ing may reveal subclinical seizure activity.

 O Intermittent use of mannitol (250–500 mg/kg per dose, 
which may be repeated after 1 hour) or hypertonic saline 
may be helpful if there is evidence of raised intracranial 
pressure (ICP), but remember that electrolyte and fl uid 
balance monitoring are critical (hypernatraemia is as 
dangerous as hyponatraemia). ICP monitoring should 
only be undertaken in centres that are experi enced in 
this technique.

 O If there are pointers in the history, examination and/or 
preliminary investigations that suggest a specifi c diag-
nosis such as HSV, Mycoplasma or Lyme disease, the 
relevant treatment should be given (see below).

 O If bacterial or tuberculous meningitis cannot be excluded, 
and the child is severely ill, consider providing cover with 
appropriate drugs until these diagnoses can be defi ni-
tively ruled out (see Section 5.16.B and Section 6.1.N). 
A second lumbar puncture performed 24–48 hours after 
admission may aid this decision (provided that raised 
ICP is not present).

Long- term prognosis
The illness may be prolonged, and survivors may be left 
with signifi cant neurological sequelae. Physiotherapy and 
rehabilitation should be commenced once the acute stage 
of the illness is over and the child is stable. Some children 
remain in hospital for many months, and relatives require 
considerable support to cope with the often devastating 
effects on the family. A number of children without overt 
neurological sequelae are left with subtle problems, includ-
ing visual and hearing impairments, learning diffi culties and 
behavioural problems. Long- term follow- up is needed to 
detect and manage these problems.

Features of specifi c viral infections that 
cause encephalitis
Enterovirus 71

 O There have been recurrent outbreaks in Asia since the 
1990s, and a rising prevalence in the region.

 O Children under 5 years of age are most commonly 
affected.

 O These infections can be associated with hand, foot 
and mouth disease (HFMD) (with vesicular lesions on 
the hands, feet or mouth) or herpangina (mouth ulcers) 

 O Neurological involvement includes aseptic meningi-
tis, acute fl accid paralysis, Guillain–Barré- type illness 
and brainstem encephalitis (cranial nerve involvement, 
myoclonic jerks and autonomic disturbance). The onset 
of neurological problems is commonly within the fi rst 
3 days of illness.

 O Diagnosis is primarily clinical, but viral culture on throat, 
rectal or vesicle swabs provides supportive evidence. 
If available, PCR is advisable to identify the specifi c 
serotype of enterovirus.

 O Children affected with brainstem encephalitis are at 
risk of cardiopulmonary complications such as shock, 

pulmonary oedema and/or haemorrhage. They should 
be managed in a paediatric intensive care unit if possible.

 O Polyclonal IgG (2 grams/kg in 24 hours) may be given 
when there is neurological involvement, although there 
is no direct evidence to support this therapy at present. 
There are potential adverse effects, such as anaphylaxis, 
and IVIG should only be administered with cardiac 
monitoring facilities. 

 O High- level supportive care is necessary for patients with 
cardiopulmonary compromise, but there is a high case 
fatality and morbidity in this group.

Japanese encephalitis virus
 O This is the most common cause of encephalitis world-

wide. There are an estimated 50 000 cases and 15 000 
deaths each year. 

 O It is currently limited to Asia and the Pacifi c Rim, but 
there is evidence that previously non- endemic regions 
such as Tibet have cases.

 O The virus is transmitted by Culex mosquitoes, with an 
enzootic cycle involving pigs and birds.

 O Most infections are asymptomatic (200–300 asympto-
matic cases for every case of encephalitis).

 O Extrapyramidal and brainstem involvement is com-
mon in patients with encephalitis. Patients may have 
Parkinsonian features acutely, with some later devel-
oping choreoathetoid movement disorders. Gradual 
improvement over several months is usual in survivors.

 O Myelitis may occur, usually accompanied by some 
encephalitic features. The prognosis for recovery from 
myelitis is poor.

 O Diagnosis rests on IgM/IgG capture ELlSA in serum 
and CSF. Viral isolation is diffi cult, as the viraemia is 
short- lived.

 O Thalamic, basal ganglia and brainstem lesions are often 
apparent on CT or MRI imaging (if available).

 O There are no specifi c features on EEG.
 O Treatment is supportive only, but effective vaccines are 

available.
 O The prognosis is poor. Up to 30% of patients with 

encephalitis die in the acute stage. Neurological seque-
lae are common in survivors, but do tend to improve 
with time.

Herpes simplex virus
 O This causes sporadic encephalitis worldwide. 
 O Encephalitis is more frequently a manifestation of recur-

rent than primary infection. There is no correlation 
between the presence of herpetic skin lesions and the 
diagnosis of HSV encephalitis.

 O Seizures (both focal and generalised) are a prominent 
feature.

 O Personality changes, temporal lobe phenomena, and 
dysphasia are also common.

 O CSF fi ndings:
 — Lymphocytic pleocytosis: < 50 to 2000/mm3.
 — Red blood cells are present in CSF in more than 80% 
of cases, refl ecting haemorrhagic necrosis.

 — Protein levels are usually moderately elevated, but 
may reach very high levels as the disease progresses 
(3–5 grams/litre).

 — Up to 25% of cases may have a relatively low CSF 
glucose concentration.
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 — Occasionally the CSF is entirely normal in early 
disease.

 O Diagnosis is by polymerase chain reaction (PCR) or 
serology on CSF. Viral isolation is diffi cult.

 O If the initial CSF PCR is negative but there are ongo-
ing clinical features suggestive of HSV infection (e.g. 
deteriorating level of consciousness, focal seizures), a 
repeat lumbar puncture more than 72 hours after the 
onset of neurology is advisable. Early CSF for PCR may 
be falsely negative.

 O EEG may show a typical pattern of multifocal periodic 
lateralising episodic discharges (PLEDs) on a slow back-
ground, often with a temporal lobe focus.

 O CT and MRI (if available) may show lesions (often haem-
orrhagic) in the temporal lobes. In early disease, scans 
may be normal.

 O Treatment is with high- dose IV aciclovir for 21 days 
as an infusion over one hour (neonate to 3 months 
20 mg/kg; 3 months–12 years 500 mg/m2 (see Section 9 
for chart on surface area); 12–18 years 10 mg/kg. All 
doses given 8 hourly: in older child use ideal weight for 
height if obese).

 O Treatment may be stopped if the patient is diagnosed 
with a clear alternative cause of the encephalitis. 

 O In those with a defi nitive diagnosis, it is advisable to have 
a negative CSF PCR at the end of the treatment course.

 O Early diagnosis and treatment improve the outcome 
signifi  cantly. HSV is a possibility in all patients with 
encephalitis, although in areas of the world where 
other pathologies such as enterovirus 71 encephalitis 
are endemic, HSV is responsible for only a very small 
minority of the total number of cases. If resources 
permit, start aciclovir (at the dosage stated above) 
in all cases without a defi nitive diag nosis and con-
tinue until HSV has been excluded, or an alternative 
diagnosis has been reached.

 O Mortality can still be up to 20%, with around 15% of 
cases left with severe sequelae. Relapses occur occa-
sionally, but these are less likely to occur if treatment is 
continued for 21 days.

Varicella zoster virus (VZV)
 O VZV infection usually only results in mild encephalitis, 

with acute cerebellar ataxia as the main feature. Seizures 
and coma are rare, and the prognosis is good.

Measles (see Section 6.2.E)
 O Acute encephalitis may occur 6–8 days after the onset 

of the rash, and may be severe, with up to 10% mortality 
and frequent sequelae.

 O Delayed chronic encephalitis may also occur in the form 
of subacute sclerosing panencephalitis (SSPE), present-
ing with cognitive deterioration and myoclonic jerks. 
In such cases the EEG shows stereotypic polyphasic 
complexes on a background of excess slow activity.

Rabies (see Section 6.2.H)
 O Saliva (plus virus) from an infected mammal enters via 

a bite, skin abrasion, or rarely through intact skin or 
mucous membranes.

 O The incubation period varies from a few days to many 
months. A history of animal bite may not be elicited at 
the time of presentation.

 O There is an initial prodrome of fever and malaise lasting 

a few days, followed by a second phase of excitement, 
hyperacusis, hydrophobia and pharyngeal spasms.

 O Lastly, a paralytic phase occurs (rarely this may be the 
only manifestation).

 O Death is inevitable once neurological signs are apparent.
 O Effective prevention is available with the human diploid 

cell vaccine, and should be combined with passive 
immunisation if exposure has occurred.

Other organisms
Mycoplasma

 O Neurological involvement occurs in up to 7% of infections.
 O Both direct invasion of CNS and immune- mediated 

disease occur.
 O Aseptic meningitis, transverse myelitis and Guillain–

Barré syndrome are the most common manifestations.
 O Diagnosis is by complement fi xation titres (if available).
 O If the diagnosis is suspected, treat intravenously or 

enterally if tolerated, with erythromycin, 12.5 mg/kg/
dose 6- hourly for 10 days. However, this is not effective 
for the immune- mediated disease.

Cryptococcus
 O This can cause acute fulminant meningoencephalitis in 

immunocompromised children.
 O It may present more subtly in an immunocompetent 

child.
 O Consider when there is prolonged headache, fever, 

vomiting and focal neurology.
 O It it important to have a baseline CSF opening pressure 

(provided that there are no contraindications).
 O There may be normal CSF biochemistry and cell count.
 O Diagnosis is based on India ink smear or CSF culture or 

rapid antigen assay in CSF or serum.
 O Start with a 2-week induction treatment phase of an 

IV infusion over 4–6 hours of amphotericin 250 micro-
grams/kg once daily increasing as tolerated to 1.5 mg/
kg once daily (after a test dose of 100 micrograms/kg to 
be included in the fi rst calculated dose) plus fl ucytosine 
25 mg/kg/every 6 hours, or fl uconazole 6–12 mg/kg/day 
up to a maximum of 800 mg/day.

 O Children with HIV may require higher doses of ampho-
tericin (up to 5 mg/kg/day)

 O Amphotericin therapy requires pre- hydration and close 
supervision for toxicity, including hepatic and renal 
function tests, electrolyte monitoring and regular full 
blood counts. 

 O In settings where amphotericin is not available, fl ucona-
zole 12 mg/kg/day up to 1200 mg/day with or without 
fl ucytosine 100 mg/kg/day or fl uconazole 12 mg/kg/day 
up to 1200 mg/day alone may be used.

 O Initial treatment should be followed by an 8- week con-
solidation phase using fl uconazole 6–12 mg/kg/day, up 
to a maximum of 400–800 mg/day.

 O For the maintenance treatment phase, fl uconazole 6 mg/
kg/day up to a maximum of 200 mg/day is used.

 O Raised intracranial pressure may develop during treat-
ment, and prompt recognition is important. If identifi ed, 
repeated therapeutic lumbar punctures can be helpful 
in controlling headache and limiting the development 
of ventricular dilatation, blindness and cranial nerve 
palsies.

 O In HIV- infected individuals, consider antiretroviral therapy 
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once antifungal treatment is established, but there is a 
risk of immune reconstitution syndrome. 

Human angiostrongylus
 O This is predominantly found in the Pacifi c Islands and 

Asia, where it is the most common cause of eosinophilic 
meningoencephalitis. 

 O The main mode of infection is via consumption of raw 
snails or other molluscs, freshwater prawns, frogs and 
contaminated vegetables.

 O The hands may become contaminated with larvae that 
are then directly carried to the mouth by small children.

 O Presentation is commonly with acute severe headache, 
low- grade fever, cranial nerve involvement, visual dis-
turbances, paraesthesia or hyperaesthesia, and raised 
intracranial pressure.

 O Peripheral blood eosinophilia may be very marked. 
 O Eosinophils are also seen in the CSF. Organisms may 

invade both the meninges and the brain parenchyma, 
especially involving the posterior fossa. 

 O Diagnosis is primarily clinical, relying on a history of likely 
ingestion of contaminated food, with typical clinical fi nd-
ings and an eosinophilic CSF picture. Serological tests 
are available, but may be normal in the early stages, 
and are also diffi cult to interpret because there is great 
cross- reactivity with other parasites.

 O MRI (if available) may show multiple micronodular 
enhancing lesions. 

 O In many cases the symptoms spontaneously resolve 
within several weeks (mean period of 20 days). 

 O It is rarely fatal, and sequelae are usually minimal. A 
minority of patients have persistent paraesthesia and 
weakness associated with chronic infection. 

 O Provide analgesia for headache: consider giving a 
2- week course of albendazole and prednisolone orally, 
but the evidence for treatment regimes in children is 
lacking, and most cases resolve with time. 

5.16.D Epilepsy

BOX 5.16.D.1 Minimum standards
 Q Anticonvulsants: phenobarbitone, phenytoin, sodium 

valproate, carbamazepine, ethosuximide. 
 Q Temperature control.
 Q Prednisolone.
 Q EEG and neuroimaging with CT and MRI (if available).

Introduction
Epilepsy is a symptom caused by a central nervous system 
(CNS) disorder, and is usually defi ned as the occurrence of 
two unprovoked seizures. In over 70% of cases a cause 
cannot be identifi ed (idiopathic epilepsy), although genetic 
causes may be important, as there is often a family history. 
Most children with epilepsy live in disadvantaged communi-
ties where the incidence rates are estimated to be twice 
those in western countries, and where more than 70% of 
affected individuals are untreated.

The impact of epilepsy on children and families is wide- 
ranging. To reduce disability, management is best shared 
with other healthcare workers who can visit the family closer 
to home, such as community doctors, and healthcare or 
disability workers.

Confi rming the diagnosis of epilepsy
There is no justifi cation for a trial of anti- epileptic drugs if 
the diagnosis is unclear. The diagnosis of epilepsy is purely 
a clinical one, and is usually based on a good history or 
eyewitness account or ideally a video (often taken with a 
mobile phone) of an event. 

Important features of the seizures include the following: 
 O timing and duration
 O provocation factors 
 O the early phase of the attack; look for localising features
 O movements 
 O sensory symptoms 

 O level of responsiveness 
 O nature of offset.

In early childhood, breath- holding attacks, refl ex anoxic 
seizures and febrile syncope may be commonly mistaken 
for epileptic seizures. Syncope, hypoglycaemia and non- 
epileptic attacks such as extensor spasms also enter the 
differential diagnosis.

Role of investigations
The history and sometimes the examination will usually indi-
cate the cause. Children can be managed without the need 
for an electroencephalogram (EEG) or neuroimaging. EEG 
and neuroimaging (preferably an MRI scan, but sometimes a 
CT scan may be informative) should be reserved for intrac-
table cases or those with neurological signs suggesting a 
space- occupying lesion. Such problems, and the imaging 
needed to identify them, will usually require the support of 
a specialised neurosurgical centre, at least one of which 
should exist in every country.

Prognostic features of epilepsy
When a syndrome cannot be identified precisely, the 
features in Table 5.16.D.2 can serve as a guide to the 
prognosis.

Once the diagnosis and prognosis have been assessed, 
draw up a problem list as follows:

 O What effect does the epilepsy have on the development 
of the child?

 O Are learning or motor problems present?
 O Is the child attending school and getting opportunities 

to play with other children?
 O Are there any behavioural problems?

Selecting appropriate anti- epilepsy drugs
Phenobarbitone, phenytoin, carbamazepine and sodium 
valproate should be available.

Convulsive status epilepticus (see Section 5.16.E).
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How to start treatment
 O Monotherapy is the aim, to reduce the side effects and 

interactions.
 O Try to avoid using drugs that impair development (e.g. 

phenobarbitone, except in infancy).
 O If possible, always prescribe the same brand, as there 

may be pharmacodynamic differences.
 O Always start in low doses to minimise side effects and 

increase the likelihood of compliance.
 O Remember to warn the child and their family about any 

likely side effects, especially if they are temporary, such 
as drowsiness.

 O Increase the drug dose gradually (every 2–4 weeks) until 
the seizures stop or are signifi cantly reduced, or side 
effects become signifi cant (see Table 5.16.D.3).

How to monitor treatment
 O Case notes should record the diagnosis, problem list, 

dates and types of seizures, indication for treatment, 

TABLE 5.16.D.1 Clinical classifi cation: most common syndromes of epilepsy in children

Syndrome Features Treatment

Generalised
Tonic or tonic–clonic 
(grand mal)

Loss of consciousness 

Stiffening, convulsive movements 

Incontinence

Post- ictal drowsiness, headache

Phenobarbitone

Phenytoin 

Sodium valproate 

Carbamazepine

Absences Vacant stare, with decrease in aware ness, responsiveness 
and memory 

Precipitated by hyperventilation

Ethosuximide (may not be affordable)

Sodium valproate 

Avoid carbamazepine and phenytoin

Myoclonic Head nodding or jerks of limbs Ethosuximide (may not be affordable) 

Sodium valproate 

Avoid carbamazepine and phenytoin

Infantile spasms Sudden fl exion of head, trunk and limbs; sometimes extensor 
spasms 

Associated with hypsarrhythmia on the 

EEG and developmental delay

Steroids (these require careful monitoring; 
avoid using them if this is not feasible)

Sodium valproate

Lennox–Gastaut 
syndrome

Multiple seizure types: tonic (especially night), atonic, 
absences, generalised tonic–clonic. Associated with slow 
spike and wave on EEG and developmental delay

Sodium valproate 

Carbamazepine 

Phenytoin 

Combinations of the above

Secondary 
generalised seizures

Seizures starting as partial, and developing (sometimes 
rapidly) into generalised tonic–clonic seizures

Carbamazepine

Sodium valproate 

Phenytoin

Phenobarbitone

Partial
Simple Convulsive movements involving the eyes, face and parts of 

limbs. May have sensory symptoms
Carbamazepine

Sodium valproate

Complex Aura of abdominal discomfort, vacant stare, loss of contact 
with surround ings, lip smacking, chewing, swallowing, facial 
fl ush, hallucinations 

Post- ictal tiredness and headaches

May produce apnoea

Carbamazepine

Sodium valproate 

Phenobarbitone

Benign epilepsy 
of childhood with 
Rolandic spikes

Most common, usually starts at 3–10 years of age

Predominantly simple partial seizures involving oropharyngeal 
muscles (gurgling), face or limbs, mostly during sleep

Characteristic EEG, normal intelligence

Often do not need treatment 

Carbamazepine

Sodium valproate 

Phenobarbitone

TABLE 5.16.D.2 Prognosis in epilepsy

Good outcome Adverse outcome

Single seizure type Multiple seizure types

No additional impairment Additional neurological 
impairment (especially cognitive)

Late age of onset (for the 
syndrome)

Early age of onset (for the 
syndrome)

Provoked by illness, stress, 
fl ashing lights

Unprovoked

Short seizures Status epilepticus

Low frequency of seizures High frequency of seizures

Good initial response to 
anti- epileptic drugs

Poor initial response to anti- 
epileptic drugs, requiring 
polytherapy
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past treatment with response and side effects of treat-
ment, and information that has been given to the child 
and their parents or carers.

 O Hand out medical cards to be kept as a seizure diary, 
reminder of prescription and clinic dates. Graphic sym-
bols can be used for the illiterate.

 O Regularly review the child to check on their progress. 
Review them more often if seizure control has not been 
achieved, or if are side effects or drug changes.

When to change treatment
 O Consider changing treatment if side effects are 

troublesome. 
 O Introduce the second anti- epileptic drug in the normal 

way, fi rst checking for possible drug interactions. Once 
established, begin to withdraw the fi rst anti- epileptic 
gradually. If seizure control is not achieved with mono-
therapy, seek a specialist referral.

When and how to stop treatment
In children with a good prognosis, 12–24 months of freedom 
from seizures is associated with a 70% risk of continuing 
seizure remission. Withdrawal must be a gradual and closely 
monitored process. If seizures recur after a decrease in 
drug dose, they usually remit once the last decrease has 
been reversed. The withdrawal period depends on the drug 
(e.g. phenobarbitone over 4–6 months, carbamazepine 
over 2–3 months).

Whom to refer
This depends upon local facilities. One- third of patients will 
be intractable to treatment with fi rst- line anti- epileptic drugs. 
Some of them may not have epilepsy, and others may 
have syndromes with a poor prognosis. They will require 
specialist assessment and treatment advice. Epilepsy 
may also be a part of complex developmental disorders 
involving the CNS, and these children may also benefi t 
from specialist input.

TABLE 5.16.D.3 Doses of common anti- epileptic drugs

Drug Usual dose Side effects and toxicity

Carbamazepine 1 month–12 years initially 5 mg/kg at night or 2.5 mg/
kg twice daily increasing to 5 mg/kg three times a day 
Maximum dose 20 mg/kg per day

12–18 years Initially 100–200 mg 1–2 times daily 
increasing to 200–400 mg two or three times daily. 
Maximum up to 1.8 g daily

Ataxia, diplopia, aplastic anaemia (bruising, mouth 
ulcers)

Phenobarbitone One month to 12 years initial dose 1.5 mg/kg twice 
daily increasing to 2.5–4 mg/kg/day once or twice daily

12–18 years 60–180 mg once daily

Drowsiness, agitation, rashes, developmental 
impairment

Phenytoin 1 month–12 years initial dose 1.5–2.5 mg/kg twice 
daily then increasing to 2.5–5 mg/kg twice daily

12–18 years initial dose 75–150 mg twice daily 
increasing to 150–200 mg twice daily (maximum 
300 mg twice daily)

Gum hypertrophy, hirsutism, acne, ataxia, 
diplopia, nystagmus, neuropathy, choreoathetosis, 
encephalopathy, lymphoma, megaloblastic anaemia

Sodium 
valproate

1 month–12 years initial dose 5–7.5 mg/kg twice daily 
increasing to 12.5–15 mg/kg twice daily

12–18 years initial dose 300 mg twice daily increasing 
to 0.5–1 g twice daily

Nausea, epigastric pain, alopecia, weight gain, tremor, 
hepatitis, pancreatitis, encephalopathy

Social issues
Promoting social integration
Children need to participate as fully as possible in the normal 
activities of their peers, at school, at play, in the home and 
preparing for employment. Community workers should be 
involved in the wider management, and parents’ fears and 
anxieties discussed.

Supporting parents
Parents often tend to overprotect their children who have 
epilepsy, and may lack confi dence in dealing with seizures. 
In many societies epilepsy carries a stigma. Opportunities to 
discuss fi rst aid, behaviour and other concerns are vital, and 
can be provided by healthcare workers or parent groups.

First- aid advice
The general theme to be emphasised is that children with 
epilepsy should be encouraged to live as full and normal a 
life as possible. There are very few absolute restrictions, but 
these include climbing trees or riding bikes or motorcycles. 
Children should be accompanied when swimming or when 

near to hazards such as stoves and fi res. During a convul-
sion, place the child in the recovery position, protect them 
from hard or sharp objects in the vicinity, and cushion their 
head. Do not put anything in their mouth or try to restrain 
their limbs. Let them recover by themselves. They may 
need to rest or sleep, but keep them under observation 
because they may start convulsing again. As a rough guide, 
a convulsion that does not stop spontaneously within about 
10 minutes is likely to continue for longer, and may need 
intervention with anti- epileptic drugs given IV, rectally or 
bucally. The use of rectal diazepam at home by parents 
and carers is described later in this subsection.

Febrile seizures
A febrile seizure is a seizure that occurs in children aged 
between 6 months and 7 years with febrile illness not 
caused by an intracranial disease. The commonest age 
of onset is 14–18 months. Febrile seizures are common, 
occur in 2–5% of all these children, and account for about 
one- third of all childhood seizures.
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Clinical presentation
Febrile seizures are usually brief, generalised, clonic or 
tonic–clonic convulsions lasting less than 10 minutes with 
minimal post- ictal confusion or weakness. About 20% of 
febrile seizures are complex (i.e. focal), or last longer than 
15 minutes, or occur more often than once in 24 hours. 
Complex febrile seizures may suggest an underlying central 
nervous system cause and are associated with a poorer 
outcome (cognitive impairment or epilepsy).

Febrile seizures occur while the child has a recognisable 
infection, most commonly an upper airway infection or a 
viral illness such as gastroenteritis. Other causes include 
pneumonia, urinary tract infections and after vaccinations. 
Shigellosis, roseola infantum and malaria have an unusu-
ally high incidence of seizures. Most children have a core 
temperature of 38–41°C, but it may occur at the onset of the 
febrile illness, and the child may have a normal temperature 
at the time of seizure.

An increased frequency of febrile seizures occurs in 
the children of parents and siblings who have had febrile 
seizures, and siblings with epilepsy.

Identify the cause
Check blood glucose levels (by fi nger- prick test if available), 
take a careful history and examine the patient thoroughly, 
especially with regard to alertness and ability to play, looking 
for common and serious sites of infection. Where relevant, 
look at rapid test or fi lm for malaria parasites, and full blood 
count. Consider urinalysis, lumbar puncture, cultures of 
blood, urine, pharyngeal swab and cerebrospinal fl uid, and 
relevant X- rays in children whose history and examination 
offer clues to serious infection. A lumbar puncture is man-
datory if meningitis is thought to be a possibility (unless 
there is evidence of raised intracranial pressure, when IV 
antibiotics should be given until meningitis can be excluded; 
see Section 5.16.A and Section 5.16.B).

Differential diagnosis
Exclude the following:

 O meningitis
 O encephalitis
 O acute encephalopathies of metabolic or toxic origin
 O cerebral malaria
 O electrolyte disorders
 O hypoglycaemia
 O anoxia
 O trauma
 O haemorrhage
 O tumour.

Other entities that can be confused with febrile seizures 
include the following:

 O febrile delirium (in which the patient is speaking but not 
making sense)

 O febrile rigors (in which the patient is shaking with a fi ne 
tremor).

Treatment
No treatment is necessary in simple self- limiting febrile sei-
zures provoked by a minor febrile illness. Advice to parents 
should consist of the following:

 O Reassurance that the condition is almost always benign 
and that the large majority of children stop having sei-
zures after 5 or 6 years of age, while many have only 
one seizure.

 O Practical demonstration of the recovery position for use 
if a further seizure occurs (see Section 5.16.E).

 O Advice to seek medical help if a further seizure occurs, 
both in case it is prolonged (less than 5% of cases, but 
see below) and, importantly, so that the source of the 
provoking infection can be identifi ed.

Sequelae
 O About one- third of children with febrile seizures will have 

another febrile seizure.
 O Around 3% will have at least one afebrile seizure.
 O Around 2% may develop epilepsy (recurrent afebrile 

seizures).
 O Approximately 65% of children with simple febrile sei-

zures will have had no further seizures by 7 years of age.
 O Recurrent seizures tend to re- occur, particularly in chil-

dren aged less than 1 year at the onset of the febrile 
convulsions or those with a positive family history.

Risk of later epilepsy
The risk factors for the development of epilepsy are as 
follows:

 O complex febrile seizures
 O previous abnormal neurological function
 O multiple febrile seizures
 O family history of epilepsy
 O age less than 1 year at the fi rst seizure.

Long- term care: home treatment
 O Rectal diazepam for parents to administer if there are 

prolonged seizures (2.5 mg for children under 1 year, 
5 mg for those aged 1–3 years, 10 mg for those aged 
over 3 years). The parents must also be taught what to do 
if their child stops breathing (i.e. they should be equipped 
with a bag and mask and shown how to use it).

 O Oral or rectal paracetamol to prevent or treat febrile 
seizures.

 O Advice to parents as described above.
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5.16.E Convulsive status epilepticus

BOX 5.16.E Minimum standards
 Q ABC and high- dependency care.
 Q Anticonvulsants:

 — lorazepam
 — phenobarbitone
 — phenytoin
 — paraldehyde
 — diazepam
 — midazolam 
 — thiopentone.

 Q Temperature control.
 Q Mannitol.
 Q Dexamethasone.

Introduction
Convulsive status epilepticus (CSE) is a life- threatening con-
dition in which the brain is in a state of prolonged electrical 
discharge. It is defi ned as a generalised convulsion lasting 
for more than 30 minutes, or recurrent convulsions which 
occur very frequently over a 30- minute period, where the 
patient does not regain consciousness between seizures.

The duration of the convulsion is highly relevant, as 
the longer the duration of the episode, the more diffi cult it 
becomes to control it. Convulsions that persist for longer 
than 10 minutes are much less likely to stop spontaneously. 
Therefore it is usual practice to institute anticonvulsive treat-
ment when the episode has lasted for 5 minutes or more.

Common causes of convulsions in children
These include the following:

 O fever with a predisposition to febrile convulsions (usually 
between the ages of 6 months and 6 years)

 O meningitis 
 O epilepsy
 O hypoxia 
 O metabolic abnormalities
 O abrupt withdrawal of anti- seizure medication, especially 

phenobarbitone
 O an acute cerebral event or injury (e.g. haemorrhage, 

trauma)
 O ingestion of medication.

Tonic–clonic status occurs in approximately 5% of patients 
with epilepsy. Up to 5% of children with febrile seizures 
will present with status epilepticus. The mortality rate 
of status epilepticus can be high (up to 20% in adults), 
especially if treatment is not initiated quickly. However, with 
optimal management and adherence to a structured and 
standardised management plan, the mortality in children 
is much lower and patients can survive with minimal or no 
brain damage. 

Evaluation and immediate management 
of status epilepticus
During a seizure:

 O Turn the child on their side.
 O Adopt an ABC approach. It is vital to ensure satisfactory 

respiration and circulation and to exclude or treat hypo-
glycaemia before giving anti- epileptic drugs.

 O Ensure that the airway is patent and that there is ade-
quate res piratory effort and circulatory volume. Institute 
corrective measures immediately if these are required.

 O If available, administer oxygen via a mask. 
 O Check glucose levels and treat if they are low (< 2.5 mmol/

litre or 45 mg/dL). If in doubt or unable to check the lev-
els, it is safer to treat as if hypoglycaemia is present and 
give 10% dextrose IV 2–5 mL/kg as an initial bolus and, 
if safe to do so, follow this with an infusion containing 
a glucose- containing fl uid to avoid the risk of rebound 
hypoglycaemia.

 O If the seizure has lasted more than 5 minutes (or if 
the duration is not known), prepare for anticonvulsant 
treatment. Short recurrent seizures lasting less than 
5 minutes should also be treated (see Figure 5.16.E.1).

 O A self- infl ating bag with non- return valve (e.g. Ambubag) 
and a suitably sized face mask must be available in case 
excessive respiratory depression is caused by benzodi-
azepines (see Section 1.12).

 O Treat the fever (if present) with exposure, tepid sponging 
and rectal paracetamol (40 mg/kg loading dose, 20 mg/
kg if less than 3 months of age).

Drugs
Lorazepam (intravenous or intra- osseous 
route)
Lorazepam is a benzodiazepine with a fast onset of action 
and a longer duration of effect (12ldren zures lasting with 
diazepam (which is less than 1 hour). It produces less 
respiratory depression than other benzodiazepines, and is 
less likely to require additional anticonvulsants to stop the 
seizure. However, absorption from the rectal route is poor. 
Lorazepam is not available in every country, but is no more 
expensive than diazepam. 

Dose: 50–100 micrograms/kg/dose by IV or intra- 
osseous route (the dose can be repeated after 10 minutes 
if necessary).

Midazolam (buccal application)
Midazolam is an effective fast- acting anticonvulsant that has 
an onset of action within minutes but has a shorter lasting 
effect (15–20 minutes). Most children do not convulse again 
once the seizure has been terminated. 

Buccal midazolam is twice as effective as rectal 
diazepam, but both drugs produce the same degree of 
respiratory depression. This occurs only in about 5% of 
patients, is short- lived, and is usually easily managed with 
bag- valve- mask ventilatory support.

Midazolam can be given by the buccal or IV route. 
However, the ready- made buccal midazolam may not be 
available in some countries. In such situations the standard 
IV preparation can be used instead via the buccal route. 
Simply draw the required dose in a syringe using a needle 
so as to fi lter off any glass fragments, and after removing 
the needle apply the drug on the buccal mucosa between 
the lower lip and the gum. 
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Dose:
 O 500 micrograms/kg/dose (maximum 10 mg) with buccal 

application (the dose may be repeated). 

Diazepam
Diazepam is an effective, commonly used, readily available 
and fast- acting anticonvulsant with similar characteristics to 
midazolam. It is widely used, but may now be superseded 
by the more effective lorazepam or buccal midazolam where 
the latter is available. The rectal dose is well absorbed.

Dose:
 O 500 micrograms/kg/dose rectally
 O 200–300 micrograms/kg/dose by the IV or intra- osseous 

route (the dose may be repeated).

Lorazepam (intranasal route)
This has been found to be safer than IM paraldehyde, and 
is also less expensive and easier to access. It is directly 
instilled into one nostril, with the patient in a supine position, 
drop by drop over 30–60 seconds.

Dose: 50–100 micrograms/kg/dose intranasally.

Paraldehyde
Paraldehyde is an effective and cheap anticonvulsant with a 
sustained level of effect and a good safety profi le. However, 
it may be diffi cult to fi nd in some countries. Paraldehyde 
takes 10–15 minutes to start to take effect, and its action 
is sustained for 2–4 hours.

It is generally given by the rectal route after mixing 
the required dose with an equal amount of any edible oil 
(e.g. olive oil). This mixture is then quickly pushed up the 
rectum using a simple feeding tube attached to a syringe. 
Do not leave paraldehyde standing in a plastic syringe 
for longer than a few minutes, as the drug dissolves 
plastic. The IM route can also be used, but is very painful 
and can lead to abscess formation, so is better avoided. 
Paraldehyde causes little respiratory depression, but should 
not be used in patients with liver disease.

Dose: 0.4 mL/kg rectally (0.4 grams/kg).

Phenytoin
Phenytoin is a readily available anticonvulsant that can give 
very good results with little effect on respiration. It has a 
peak action within 1 hour, and a long half- life. Its action is 
therefore more sustained than that of diazepam.

It is administered as an IV infusion mixed with 0.9% 
sodium chloride solution made up to a concentration of 
10 mg/mL, given over a 20- minute period. Phenytoin can 
cause dysrhythmias and hypotension (especially if given 
rapidly), so it is important to monitor the electrocardiogram 
(ECG) and blood pressure if these are available. In addition, 
local irritation, phlebitis and dizziness may accompany IV 
administration.

If the child is known to be on oral phenytoin it is better to 
either avoid using phenytoin (use phenobarbitone instead) 
or use a lower loading dose (i.e. 10 mg/kg). 

Dose: 20 mg/kg IV infusion given over 20 minutes (only 
use normal (0.9%) saline for dilution).

Phenobarbitone
Phenobarbitone is a time- tested anticonvulsant and readily 
available in many countries; the parenteral preparation is on 
the WHO essential drug list. It can be used to good effect 
in all age groups, and causes little respiratory depression. 

It is given by the IV route as a slow injection over 5–15 min-
utes, and can also be given by the IM route, although the 
absorption is variable. It has a sustained effect that lasts 
over 12–24 hours.

There is now evidence to suggest that phenytoin and 
phenobarbitone may have some synergistic effect when 
used sequentially. It is thought that one primes the brain in 
readiness for the other, thus producing a benefi cial effect. 
However, there is controversy about which drug should 
be used fi rst. 

Dose: 20 mg/kg IV infusion over 5–10 minutes.

Thiopental
Thiopental (thiopentone) sodium is a drug better used by 
experienced staff who are familiar with it (usually anaesthe-
tists: see Section 1.24) and who are capable of intubating 
diffi cult cases. It is a general anaesthetic agent with no 
analgesic properties but with marked cardiorespiratory 
effects. It is usually given after paralysis and intubation in 
induction of anaesthesia. Other anti- epileptic medication 
must be continued. The child should not remain para-
lysed, as continued seizure activity cannot otherwise be 
monitored. A paediatric neurologist should continue to give 
clinical advice and support. 

General measures once seizures are 
controlled

 O Maintain a normoglycaemic state using 5% glucose- 
containing solutions (10% in young infants). Often 
children may show a hyperglycaemic pattern following 
seizures as a stress- induced response. This does not 
require correction with insulin.

 O Normal maintenance fl uid volume can be given to 
avoid hypoglycaemia and to maintain electrolyte bal-
ance. However, evidence of raised intracranial pressure 
or increased antidiuretic hormone secretion should 
necessitate fl uid restriction. 

 O Assess and maintain electrolyte balance, main-
taining serum sodium levels within the normal range 
(135–145 mmol/litre). Avoid hyponatraemia by using 
Ringer- lactate or Hartmann’s solution.

 O Aspirate the stomach contents by inserting a gas-
tric tube, and perform gastric lavage or give charcoal 
(1 gram per year of the child’s age) if appropriate for 
specifi c drug ingestion.

 O Regulate the temperature, ensuring that temperatures 
above 37.5°C are avoided.

 O Treat raised intracranial pressure, if clinically present 
(see Section 5.16.K), as follows: 

 — Support ventilation (maintain a pCO2 of 4.5–5.5 kPa).
 — Maintain a 20-degree head- up position. 
 — Give 20% mannitol, 250–500 mg/kg (1.25–2.5 mL/
kg) IV over 15 minutes. This may be repeated on a 
2- hourly basis as required. 

 — Alternatively, hypertonic saline can be used (2.7% or 
3% at a dose of 3 mL/kg). This may not be associ-
ated with a ‘rebound’ rise in pressure or induce a 
diuresis like mannitol but rather augments plasma 
volume.

 — Give dexamethasone, 500 micrograms/kg twice daily 
(for oedema surrounding a space- occupying lesion).

 O Catheterise the bladder, as distension may aggravate 
raised intracranial pressure.

 O Frequent reassessment of ABC is mandatory, as 
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therapy may cause depression of ventilation or hypo-
tension, especially if benzodiazepines or barbiturates 
have been used. 

 O If available, a standard EEG can be done to establish 
cessation of electrical seizure activity.

 O Identify and treat the underlying cause of the 
convulsion.

 O Following seizure control there are several regimes for 
continued drug control of the convulsions, but they are 
beyond the scope of this text.

Airway

Breathing

100% oxygen – face 
mask + reservoir

Circulation

IV or IO access

Lorazepam slow IV or IO 
50–100 micrograms/kg

OR
Diazepam IV 
200 micrograms/kg slowly 
with dilution 

Head tilt – chin lift
Jaw thrust
Oropharyngeal airway
Intubation

Assist ventilation

OPEN

Yes
Inadequate

Phenytoin IV 20 mg/kg diluted in 20 mL of 0.9% saline given over 20 
minutes 

If already on oral phenytoin, reload with phenytoin IV 10 mg/kg diluted in 
20 mL of 0.9% saline over 20 minutes

OR
Phenobarbital  IV 20 mg/kg  slowly over 5 minutes

Recovery position

No response 10 minutes after 
above treatments

5 mL/kg 10% glucose 
IV or IO

If hypoglycaemic on 
blood test or suspected 

CLOSED

IV or IO 
in place

No response 5 minutes 
after start of fit

Lorazepam slow IV or IO 
50–100 micrograms/kg

OR
Diazepam IV 

200 micrograms/kg slowly 
with dilution 

CALL FOR SENIOR 
HELP

Midazolam buccal 
500 micrograms/kg 

OR
Lorazepam intranasal 
50 –100 micrograms/kg

OR
Diazepam rectal 

500 micrograms/kg 

IV or IO 
NOT in 
place

IV or IO 
in place

IV or IO 
NOT in 
place

Rectal paraldehyde
0.4 mL/kg

No response a further 10 
minutes after above treatments

Consider rapid sequence induction with thiopentone 
An anaesthetist must be present

No response 

Baseline assessment
Repeat observations regularly to 

assess response

Take blood for:
haemoglobin, glucose, cross-

match, blood culture (if 
available)

 

FIGURE 5.16.E.1 Algorithm for the treatment of status epilepticus in children.
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5.16.F Neuropathies

BOX 5.16.F Minimum standards
 Q Muscle biopsy.
 Q Prevention of scoliosis.
 Q Prevention of muscle contractures.

Introduction
Neuropathies are diseases that affect the anterior horn cells 
and/or the peripheral nerves.

Anterior horn cell disease
The most common neuropathies are:

 O poliomyelitis (see Section 6.2.G)
 — spinal muscular atrophy.

Spinal muscular atrophy
This is a motor neuron disease of the spinal cord and 
brainstem, inherited as an autosomal- recessive disorder 
and associated with deletions of the survival motor neuron 
(SMN) and neuronal apoptosis inhibitory protein (NAIP) 
genes. It is the second commonest autosomal- recessive 
disorder after cystic fi brosis.

Clinical features
These children have delayed motor development but nor-
mal social, language and intellectual development. They 
are fl oppy and weak. The weakness is proximal more than 
distal, and affects the lower limbs more than the upper ones. 
The children are arefl exic, and fasciculation of the tongue is 

diagnostic (observed with the tongue at rest in the mouth). 
There are three clinical subtypes based on severity.

 O Severe infantile type: These infants never sit, crawl 
or walk. The onset is before or soon after birth. They 
have severe intercostal and bulbar weakness but the 
diaphragm is spared. Most die from respiratory failure 
before their second birthday.

 O Intermediate type: These infants can sit but are unable 
to walk. They may or may not have respiratory and bulbar 
weakness, and this factor determines their prognosis. If 
it is absent, these children can survive into adulthood.

 O Mild type (also known as Kugelberg–Welander type). 
The onset is later and these children can walk, but they 
do so late and with diffi culty. Respiratory and bulbar 
weakness is not usually present. A coarse tremor of 
the hands is frequently seen in this and the intermedi-
ate form. This is a useful sign for distinguishing this type 
from muscular dystrophy, with which it is often confused 
(see Table 5.16.F.1).

Diagnosis 
Since the discovery of the gene defect, muscle biopsy is 
rarely needed. Deletion of the SMN gene is found in almost 
all cases of spinal muscular atrophy of all three types. It can 
be detected rapidly by the polymerase chain reaction (PCR). 
Blood (2–5 mL in an EDTA tube), or DNA extracted from 
it, can be sent by post to a laboratory that will perform the 
test and confi rm the diagnosis within a few days.

TABLE 5.16.F.1 Comparison of spinal muscular atrophy (mild type) and Duchenne muscular dystrophy

Feature Spinal muscular atrophy Duchenne muscular dystrophy

Motor milestones Delayed Normal or delayed

Hypotonia +++ +/–

Pseudohypertrophy +/– +++

Hand tremor +++ –

Tongue fasciculation + –

IQ Normal Normal or low

ECG Baseline tremor R-  and Q- wave changes

Creatine kinase Normal or slightly raised (× 2) Very high (× 100)

EMG Chronic denervation Myopathic

Muscle biopsy Denervation Dystrophic

Management
Management is supportive. The most important complica-
tion in the intermediate form is the development of scoliosis. 
This can be delayed by getting the child to stand with sup-
port of lightweight callipers for as long as possible. If the 
child is confi ned to a wheelchair, a brace may be needed 
to control the scoliosis. Surgery (fusion of the spine) may be 
necessary. Children with symptoms of nocturnal hypoventi-
lation (disturbed sleep, headaches, daytime drowsiness and 
poor concentration) may benefi t from assisted non- invasive 
night- time ventilation with a nasal mask (see Section 8.2).

Peripheral neuropathy
The two commonest causes of peripheral neuropathy in 
children are Guillain–Barré syndrome (see Section 5.16.G) 
and hereditary motor and sensory neuropathy.

Hereditary motor and sensory neuropathy
This is the commonest chronic peripheral neuropathy in 
children. It is progressive, and there are several types, but 
the commonest is type I (peroneal muscular atrophy). It is 
dominantly inherited, and most children are asymptomatic 
until late childhood, when unsteady clumsy gait with fre-
quent falls develops. There is weakness and wasting of the 
muscles of the anterior compartment of the leg. The parents 
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are often asymptomatic. The diagnosis is confi rmed by 
the fi nding of very low motor conduction velocities in both 
the child and one of the parents, indicating demyelination. 
Type II is similar, but rare, and shows axonal rather than 
demyelinating changes in nerve conduction studies. There 
are no treatments for these diseases other than special 
boots and ankle orthoses to stabilise the ankle.

Other peripheral neuropathies
These include leukodystrophies (where peripheral nerve 
demyelination occurs as part of CNS demyelination), toxic 
neuropathy (due to glue or benzene sniffi ng, lead, or drugs) 
and diphtheria (see Section 6.1.C).

5.16.G Guillain–Barré syndrome

BOX 5.16.G Minimum standards 
 Q ABC resuscitation and emergency care.
 Q Lumbar puncture.

Introduction 
This is the commonest peripheral neuropathy seen in 
childhood. It is a demyelinating neuropathy induced by an 
autoimmune process that is precipitated by a preceding viral 
or other infection. It has a peak incidence at around 8 to 
9 years of age in well- resourced countries and 3 to 4 years 
of age in resource- limited ones, possibly due to overcrowd-
ing. Rarely, an acute axonal form occurs, especially in some 
countries, such as China.

Clinical features
The onset is usually acute. There is often a history of a pre-
ceding upper respiratory or gastrointestinal tract infection 
and insidious sensory symptoms (e.g. muscle tenderness, 
occasionally an unsteady gait, and frequent falls). The 
weakness starts in the lower limbs and ascends to affect 
the trunk, upper limbs, and the respiratory (intercostal and 
diaphragm), bulbar and facial muscles. It is usually sym-
metrical and affects both proximal and distal muscles, and 
may take 10–30 days to reach its maximum. Cranial nerve 
involvement often precedes respiratory diffi culties. Refl exes 
are frequently absent. Sensory loss is minimal and of the 
‘glove- and- stocking’ distribution. Ophthalmoplegia, papil-
loedema and bladder involvement rarely occur. Autonomic 
dysfunction occurs in many children, resulting in hyper-
tension, hypotension and cardiac arrhythmias. In some 
patients the paralysis occurs rapidly with quadriplegia and 
respiratory paralysis within 2–5 days.

Chronic infl ammatory demyelinating 
polyradiculoneuropathy
The disease may evolve into chronic infl ammatory demy-
elinating polyradiculoneuropathy. This disease is similar 
to Guillain–Barré syndrome, consists of progressive or 
relapsing motor and sensory dysfunction, and lasts at least 
2 months, with hyporefl exia of all four limbs. The importance 
of identifying this condition is that it responds to steroids 
(prednisolone 2 mg/kg/day).

Diagnosis
The diagnosis is confi rmed by an abnormal nerve conduc-
tion stimulation, but a high CSF protein level and almost 
normal cell count are very suggestive. These fi ndings are 

usually present after the fi rst week of onset. Other causes 
of acute fl accid paralysis such as poliomyelitis in endemic 
countries need to be considered (see Table 5.16.G.1). 

Management
Supportive care is the cornerstone of successful manage-
ment of the acute patient. Of greatest concern is respiratory 
failure due to paralysis of the diaphragm (the muscle that is 
most important for breathing). Intubation may be needed 
if there is evidence of impending respiratory failure. The 
following steps in management should be taken:

 O Admit the child to hospital to monitor for impending res-
piratory and bulbar paralysis and autonomic dysfunction.

 O Measure the respiratory rate, heart rate and blood pres-
sure, perform pulse oximetry and if possible measure 
vital capacity (or peak fl ow), and check airway protection 
frequently. Blood gas analysis may be helpful.

 O If the vital capacity is less than 50% of normal for age 
and/or there is signifi cant respiratory failure with 
hypoxaemia and hypercapnia, ventilate the child if 
possible.

 O If bulbar and respiratory paralysis occurs, airway pro-
tection, tube feeding and ventilatory support will be 
necessary. Airway protection can be achieved by intuba-
tion or tracheostomy.

 O Plasma exchange (also called plasmapheresis) and high- 
dose immunoglobulin therapy may lessen the severity 
of the illness and accelerate recovery in some patients, 
but are not widely available. These two treatments are 
equally effective, and a combination of the two is not 
signifi cantly better than either alone. However, immuno-
globulin is easier to administer.

 O Children who require ventilation can be given high- dose 
human immune globulin if available (0.4 grams/kg IV 
over 6 hours daily for 5 days). This can be repeat ed if 
there is no response, if deterioration occurs or if there 
is a relapse.

Prognosis
Recovery is usually complete within 4–6 months in most 
children, but may take up to 2 years. About 5% of children 
will have minor motor sequelae, and around 2–3% will die 
from respiratory failure or autonomic dysfunction. Poor 
prognostic factors include onset of weakness within 8 days 
of preceding infection, rapid progression, cranial nerve 
involvement and a CSF protein level of > 800 mg/litre in the 
fi rst week of the disease. The prognosis is generally better 
in children than in adults.
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TABLE 5.16.G.1 Other causes and features of acute fl accid paralysis

Cause Features

Spinal cord

Poliomyelitis Preceding fever, headache and meningeal irritation, asymmetrical weakness, 
CSF pleocytosis

Enterovirus: Japanese B encephalitis Similar to poliomyelitis

Trauma History and evidence of trauma

Myelitis Paraplegia, segmental sensory loss 

Bladder and bowel sphincter disturbance

Epidural abscess Fever, vertebral tenderness

Neuropathies

Guillain–Barré syndrome Symmetrical, arefl exia, ascending weakness

Diphtheria Preceding history of diphtheric pharyngitis, cardiac involvement, deep 
sensation impaired

Botulism Bulbar symptoms before onset of weakness, ophthalmoplegia

Tick paralysis Rapid progressive paralysis, no sensory loss,

normal CSF protein levels

Resolves quickly once tick has been removed

Metabolic

Acute intermittent porphyria

Hereditary tyrosinaemia

Family history, other symptoms

Muscle

Myasthenia gravis (rare but treatable) Fluctuating weakness that is worsened by activity and better after rest

Tensilon test is positive

Acute viral myositis Tender muscles, limp, fever, elevated muscle enzymes (creatine 
phosphokinase or aldolase)

Other causes

Organophosphate poisoning History of exposure, excessive salivation, twitching of muscles, meiosis, 
tachycardia

5.16.H Muscular dystrophy

BOX 5.16.H.1 Minimum standards
 Q Creatine kinase measurement. 
 Q Prevention of scoliosis and contractures. 
 Q Prednisolone.

Introduction
The muscular dystrophies are a group of inherited disor-
ders that cause progressive muscle weakness and share a 
common pathological process of muscle fi bre degeneration 
and fi brosis.

Duchenne muscular dystrophy
This is the most common muscular dystrophy, caused by 
defi ciency of dystrophin, a structural protein found on the 
inner side of the sarcolemmal membrane. The defi ciency 
is caused by deletions or point mutations of the dystrophin 
gene, which is located on the short arm of chromosome 
Xp21.

Clinical features
Duchenne muscular dystrophy is X- linked; it affects boys 

and is transmitted by females. Affected infants are normal 
in the fi rst 2 years but will have very high serum creatine 
kinase levels. They usually present between 2 and 5 years 
of age with delayed walking, frequent falls, and diffi culty 
in climbing stairs and in getting up from the fl oor. The 
weakness affects proximal more than distal muscles, and 
the pelvic girdle more than the shoulder girdle. The facial 
muscles are unaffected. Prominent calves and thighs are 
characteristic. With time, these children walk on their toes 
with marked lumbar lordosis and a waddling gait. The arm 
refl exes are lost early but ankle jerks are preserved. Once 
confi ned to a wheelchair, they rapidly develop contractures 
of the knees, hips and ankles and scoliosis. Intellectual 
impairment may occur or develop in some patients, often 
related to the onset of respiratory failure. The ECG shows 
dominant R waves in right- sided leads, deep Q waves in 
left- sided leads, and inverted T waves in most patients.

Diagnosis
The serum creatine kinase activity is very high (100 times 
normal). The electromyogram (EMG) is myopathic, and 
muscle biopsy shows dystrophic changes and absent 
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dystrophin. Deletions in the dystrophin gene can be iden-
tified by the polymerase chain reaction (PCR) in DNA 
extracted from blood in 60–80% of patients.

Management
There is no effective drug treatment. A course of oral pred-
nisolone (0.75 mg/kg/day) for 3–6 months can produce 
a small but signifi cant improvement in muscle strength, 
but has many side effects, and these must be weighed 
against the slight benefi t. Night splints to keep the ankles 
at 90 degrees may delay shortening of the tendo- achilles. 
When walking is becoming diffi cult, the fi tting of lightweight 
callipers and intensive physiotherapy may keep the child 
ambulant for a few more years. Once the child is wheelchair- 
bound, a rigid seat and adequate postural support of the 
spine may prevent scoliosis.

Prognosis
The weakness is progressive, and by 10–12 years of age 
a wheelchair will be needed. Later, as respiratory muscle 
weakness develops, nocturnal hypoventilation may cause 
disturbed sleep and morning headaches (due to hypoventi-
lation and carbon dioxide retention). Assisted non- invasive 
ventilation (using a nasal mask) at night will improve the 
child’s quality of life (see Section 8.2). Death occurs in the 
twenties from respiratory or cardiac failure.

Genetic counselling
An elevated creatine kinase activity (on three separate 
occasions) in female relatives indicates carrier status. Some 
will also have an abnormal muscle biopsy, with some fi bres 
showing normal and others absent dystrophin. Normal 
creatine kinase and muscle biopsy does not exclude the 
carrier state. Prenatal diagnosis is possible in some but 
not all families, but requires specialised molecular genetic 
techniques.

Becker muscular dystrophy
This is a milder variant of Duchenne muscular dystrophy, 
and is rare. Onset is between 5 and 10 years of age, and 
ambulation is maintained beyond 15 years and often into 
adulthood. This disorder is caused by partial defi ciency of 
dystrophin.

Limb girdle muscular dystrophies
These are rare and vary in severity. A severe form is prevalent 
in North Africa. It has a clinical picture similar to Duchenne 
muscular dystrophy, but affects boys and girls and has more 
prominent involvement of the shoulder girdle muscles, with 
winging of the scapulae. It is associated with defi ciency of 
one of the sarcoglycans, a group of sarcolemmal proteins 
intimately linked to dystrophin. This can be demonstrated in 
muscle biopsy specimens. The intelligence remains normal 
and the heart is unaffected. Genetic tests for diagnosis are 
available in specialised laboratories.

Congenital muscular dystrophy
Infants with congenital muscular dystrophy are born fl oppy 
and weak and have contractures. They have delayed motor 
milestones, and most are unable to walk. They develop a 
characteristic long thin expressionless face with an open 
mouth. There is no ophthalmoplegia. There are several 
subgroups, some with eye or brain abnormalities and demy-
elination. Merosin is defi cient in one subgroup. Inheritance is 
autosomal recessive and the gene defect is known for most 
of them. The creatine kinase may be elevated or normal, 
and the diagnosis is made by muscle biopsy or genetic 
testing. Management is supportive. Congenital muscular 
dystrophy must be distinguished from other causes of 
hypotonia (i.e. other congenital myopathies, infantile spinal 
muscular atrophy and organic acidaemias).

5.16.I Breath- holding episodes

BOX 5.16.I.1 Minimum standards
 Q Haemoglobin measurement.
 Q Oxygenation measurement.

Introduction
Breath- holding episodes occur in about 4% of children 
under the age of 5 years. They typically start between the 
ages of 6–18 months, and usually cease before the age 
of 5 years. They are infrequent, usually occurring less than 
once a month, but occasionally occur more often. There 
are two types of episodes, which are differentiated by the 
presence of cyanosis or pallor. The underlying mechanism 
of the two types is different.

Type of episodes
Cyanotic breath- holding episodes
These are provoked by anger, frustration, fright or pain. 
The infant cries vigorously, holds their breath in expiration, 
goes blue, loses consciousness and becomes limp. Rarely 
this is followed by a brief stiffening of the body. The infant 

then starts breathing again and the attack ends. These 
attacks may be due to cerebral ischaemia from a sudden 
rise in intrathoracic pressure that impedes venous return. 
Intrapulmonary right–left shunting also plays a part.

Pallid asystolic spells
These are less common than the cyanotic type (about 20% 
of all cases), and may occur in the context of a minor illness. 
The attack is provoked by pain, usually from a mild injury on 
the head. The child cries, loses consciousness, develops 
marked pallor and goes stiff. Occasionally the child loses 
consciousness immediately after the injury without crying. 
A few clonic jerks (refl ex anoxic seizures) may occur. These 
pallid spells are caused by vagal asystole, and can be 
induced by pressure on the eyeballs (oculo- cardiac refl ex), 
although it is not necessary to elicit this refl ex, and if thought 
to be important, this should only be done under controlled 
conditions with EEG and ECG monitoring. There is also a 
risk of damaging the eyeballs when pressing on them.
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Diagnosis
The diagnosis is based on a careful history of the sequence 
of events. These attacks are frequently confused with epi-
lepsy. In epilepsy, the cyanosis occurs after the tonic–clonic 
phase of the seizure. In breath- holding spells cyanosis 
occurs before but, more importantly, the diagnosis rests 
on the fact that the attacks are always precipitated by an 
appropriate stimulus. An EEG is not necessary except when 
the diagnosis is in doubt and epilepsy is suspected. An ECG 
must be done in pallid asystolic spells to exclude long 
QT interval syndromes. Always exclude anaemia, which is 
a well- documented cause of breath- holding episodes. Also 
exclude chronic hypoxaemia, which is also a cause from 
unrecognised cardiac or respiratory disease.

Prognosis
These attacks are frightening for the parents, but are 
harmless. They eventually cease with time, and if there is 
no underlying pathology they do not have any long- term 
effects. There is no risk of subsequent epilepsy. Some 
infants with the pallid type go on to develop faints in later 
childhood.

Management
The parents need to be given an explanation of these 
attacks and reassured about their harmless nature. There 
is no effective drug and no need for drug treatment. Treat 
anaemia and hypoxaemia if these are present.

5.16.J Migraine

BOX 5.16.J.1 Minimum standards
 Q Paracetamol and ibuprofen.
 Q Anti- emetics.
 Q Propranolol, clonidine and pizotifen.

Introduction
Migraine is a common cause of recurrent headaches in 
children. Its prevalence increases with age. It may be 
preceded by a history of recurrent abdominal pain and 
vomiting at a younger age (abdominal migraine, cyclical 
vomiting). The headache is typically throbbing in nature, 
temporal or frontal in location, more often bilateral than 
unilateral (in contrast to adult migraine), and commonly 
associated with nausea, vomiting, pallor and sometimes 
photophobia. It usually lasts for 1–3 hours, but sometimes 
persists for 24 hours, and it is relieved by sleep. Migraine 
is precipitated by stress (e.g. school examinations, fam-
ily pressure, unrealistic expectations) and sometimes by 
hunger, fatigue, lack of sleep, exposure to sun, and some 
foods (e.g. chocolates, Coca- Cola, caffeinated drinks, nuts, 
cheese). A positive family history of migraine, especially on 
the maternal side, is found in over 90% of patients, and the 
diagnosis of migraine must be questioned in the absence 
of such a history. Between the attacks the child is well.

Classifi cation of migraine
Migraine is classifi ed into three types.

 O Common migraine: There is no aura in this type. It is 
the commonest form in children, accounting for over 
80% of children with migraine.

 O Classical migraine: An aura precedes the headache, 
which is rare in children (about 10%). Visual aura include 
hemianopia (loss of half of the visual fi eld), scotoma 
(small areas of visual loss), fortifi cation spectra (bril-
liant white zigzag lines), blurred vision and fl ashes of 
lights. Occasionally sensory auras occur, consisting of 
paraesthesia round the mouth and numbness of the 
hands and feet.

 O Complicated migraine: Rarely neurological signs occur 
during the headache and persist for varying periods after 
it. Ophthalmoplegic migraine (third cranial nerve palsy) is 
rare, and must be distinguished from a berry aneurysm 

or other space- occupying lesion compressing the third 
cranial nerve.

 — Hemiplegic migraine is the occurrence of hemisyn-
drome (weakness or numbness down one side of 
the body) with the headache. Recurrent attacks of 
hemiplegic migraine are rare in children, but occasion-
ally, starting in infancy, a child may have alternating 
hemiplegia as a manifestation of migraine.

 — Basilar migraine results from vasoconstriction of the 
basilar and posterior cerebral arteries. Symptoms 
include vertigo, tinnitus, diplopia, blurred vision, ataxia 
and occipital headaches. There is complete recovery 
after the attack. Minor head trauma may precipitate 
basilar migraine.

Management
A careful history and examination is essential to confi rm 
the diagnosis of migraine. Investigations are rarely needed. 
Explanation of the attacks and the relatively benign nature 
and good prognosis will reassure the parents and the 
child, and by itself will lead to a reduction in frequency and 
severity of the headaches in over 50% of these children. 
Where possible, precipitating factors need to be identifi ed 
and eliminated or reduced. In particular, dietary factors such 
as chocolate, Coca- Cola, caffeinated drinks and cheese 
should be avoided.

Acute attack
Rest and sleep in a quiet darkened room is usually preferred 
by patients. A simple analgesic alone or in combination with 
a non- steroidal anti- infl ammatory agent is often all that is 
required, and if given at the onset will abort or reduce the 
severity of the headaches. Paracetamol (20 mg/kg per 
dose, repeated every 6 hours as necessary) and ibuprofen 
(5 mg/kg per dose) are useful agents. 

If nausea and vomiting are troublesome, an anti- emetic 
may be prescribed, such as metoclopramide. Aged 5–9 
years 2.5 mg and 9–18 years 5 mg three times daily orally 
or 100–150 microgram/kg slowly (over 2 minutes) by IV 
injection (maximum 1 mg). Children weighing over 60 kg 
can have metoclopramide orally 10 mg three times daily

Prochlorperazine is also useful, 200 micrograms/
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kg (maximum 12.5 mg) orally IM or IV immediately, then 
100 micrograms/kg per dose 6-  to 8- hourly, orally or 
rectally. Prochlorperazine is not licensed for use in children 
who weigh less than 10 kg. Extrapyramidal side effects 
may occur.

The triptans (sumatriptan, zolmitriptan and rizatriptan) 
are serotonin- receptor agonists and are highly effective for 
the acute attack, but their use in children under 12 years 
of age awaits further evaluation. The dose of sumatriptan 
for adults is 50–100 mg orally as soon as possible after 
onset. It must not be used for basilar or hemiplegic migraine.

Prophylactic treatment
If the headaches are frequent (at least three to fi ve per month) 
and troublesome, continuous prophylaxis is required, usu-
ally for a period of 1 year. If the headaches recur, the course 
of treatment is repeated. The drug of choice for children 
is propranolol, but pizotifen and clonidine have both been 
tried in children, with varying degrees of success.

 O Propranolol is a beta- blocker, and can be given to 
children over 2 years of age (the dose for children aged 
2–12 years is 200–500micrograms/kg three times daily 

orally; for children over 12 years it is 20–40 mg two to 
three times daily). Propranolol must not be given to 
children with asthma or diabetes, and it may cause 
depression.

 O Clonidine can be given at a dose of 2 micrograms/kg 
every 8 hours (maximum dose 200 micrograms/day).

 O Pizotifen is given for children aged 5–10 years at an 
initial dose of 500 micrograms, increasing to 1 mg at 
night or 500 micrograms 8- hourly. For children aged 
10–12 years give 1 mg at night or 500 micrograms 
8- hourly. For children aged 12–18 years give 1.5 mg 
at night, increasing to 1.5 mg 8- hourly. It may cause 
weight gain.

Prognosis of migraine
The prognosis is generally good. About 50% of children with 
migraine will undergo spontaneous prolonged remission 
after the age of 10 years. In most children the headaches are 
infrequent and rarely interfere with schooling or daily activi-
ties. In some the headaches are frequent and troublesome, 
and these will require prophylactic treatment.

5.16.K Neurosurgical disorders

BOX 5.16.K.1 Minimum standards
 Q Maternal folic acid before and during pregnancy.
 Q Dexamethasone and mannitol.
 Q High- dependency care.
 Q Antibiotics.
 Q Anticonvulsants.
 Q Shunts.
 Q Regional/national centre (with CT and MRI scanning 

facility).

Introduction
Every country needs at least one hospital equipped to man-
age children with neurosurgical problems. The central and 
essential component of accurate assessment of the most 
frequently encountered intracranial neurosurgical emergen-
cies is the prompt identifi cation of the presence of raised 
intracranial pressure (ICP). Once this is recognised and 
controlled, the precise diagnosis of the site and cause can 
await sophisticated neuroimaging by ultrasound examina-
tion, computed tomography (CT) or magnetic reso nance 
imaging (MRI).

Raised intracranial pressure
The signs and symptoms are different for pre- speech and 
younger infants compared with older children.

Babies and children under 2 years
The signs and symptoms are as follows:

 O abnormally rapid head growth
 O separation of cranial sutures
 O bulging of the anterior fontanelle (note that the anterior 

fontanelle usually closes by 18 months of age)
 O dilatation of scalp veins

 O irritability
 O vomiting
 O loss of truncal tone
 O fl uctuating level of responsiveness
 O irregular rate and rhythm of breathing, usually with slow-

ing of the respiratory rate
 O irregular heart rate, usually with bradycardia, but occa-

sionally with tachycardia
 O decerebrate attacks.

It is important to note that features may be non- specifi c 
(as in irritability and vomiting), that there may be marked 
fl uctuations in the younger child’s condition from minute to 
minute and from hour to hour, and that frank unconscious-
ness occurs relatively late, often being preceded by apnoea. 
Decerebrate attacks can be mistaken for epileptic seizures; 
in the former, the child extends all four limbs and trunk, 
whereas in the latter, fl exion of the upper limbs is more 
usual and there are clear tonic–clonic phases.

Older children
The signs and symptoms are as follows:

 O headaches
 O vomiting
 O loss of postural control of the trunk
 O failing vision
 O diplopia
 O neck pain and extension 
 O decerebrate attacks
 O irregular rate and rhythm of breathing, usually with slow-

ing of the respiratory rate
 O irregular heart rate, usually with bradycardia, but occa-

sionally with tachycardia, and mounting hypertension 
with widening pulse pressure

 O diminishing level of consciousness.
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The most urgent features are failing vision, neck pain 
and extension, decerebrate attacks, diminishing level of 
consciousness and cardiorespiratory failure, as they all 
indicate incipient terminal events. Failing visual acuity is also 
urgent, as it indicates severe papilloedema and a danger 
of permanent visual loss. The absence of papilloedema 
does not exclude raised intracranial pressure; its presence 
does indicate that there is a risk of permanent visual loss.

Accurate cerebral localisation on a clinical basis is 
diffi cult in children and virtually impossible in babies and 
young children, but the following can be fairly dependable 
features of a supra- tentorial mass lesion:

 O dysphasia
 O visual fi eld defects
 O epileptic seizures.

Unilateral pupillary dilatation indicates a mass ipsilateral to 
the dilated pupil, or on the side of the pupil that dilated fi rst 
in the case of bilateral pupillary dilatation.

Management
Although the defi nitive solution is removal of the causative 
lesion, this will often have to await the availability of imaging 
by computed tomography and transfer to a neurosurgical 
facility. The emergency relief of raised intracranial pressure 
can be achieved by one or more of the following medical 
measures:

 O dexamethasone by slow IV injection (500 micrograms/kg 
immediately and then 100 micrograms/kg every 6 hours)

 O 20% mannitol by IV infusion (250–500 mg/kg and 
repeated as required based on response and clinical 
signs; maximum total dose 2 grams/kg infusion over 
20 minutes). 

 O alternatively, hypertonic saline can be used (2.7% or 3% 
at a dose of 3 mL/kg). This may not be associated with 
a rebound rise in pressure as may occur with mannitol 
and does not induce a diuresis like mannitol but rather 
augments plasma volume.

 O intubation and artifi cial ventilation to PaCO2 of about 4 
kPa (if available).

In an extreme emergency, and faced with a rapidly dete-
riorating child with no immediate prospects of evacuation 
for neuroimaging and specialist neurosurgical care, the 
following measures can be employed if there is no history 
of head injury.

Babies
Trans- fontanelle needle tapping of the subdural space is 
undertaken, and if there is no subdural effusion, the needle 
is then advanced into the cerebral ventricle in the hope of 
fi nding and relieving hydrocephalus.

Infants and children
Right frontal burr- hole and ventricular drainage is under-
taken (see below).

If there is a history of head injury, the procedure for 
‘blind’ burr- holes is followed (see below).

Head injuries (see Section 7.3.C).

Intracranial abscesses
Spontaneous extradural, subdural or intracerebral abscesses 
most commonly arise in children as a complication of an 

acute, or very occasionally chronic, episode of infection in 
the paranasal sinuses or middle ear. The cardinal clinical 
features are as follows:

 O raised intracranial pressure
 O signs of focal neurological disturbance, including epi-

leptic seizures
 — systemic signs of sepsis; these may be absent.

The diagnosis can be confi rmed by CT scan with IV contrast 
enhancement (if available).

 O Evacuation of pus is important both to relieve raised 
intracranial pressure and mass effect, and to pro-
vide material for accurate microbiological diagnosis. 
Intracerebral abscesses can often be drained satis-
factorily by burr- hole aspiration, which may have to be 
repeated. Extradural and subdural collections will usually 
require a major craniotomy.

 O Raised intracranial pressure will usually be very severe, 
and may require the use of mannitol.

 O Pending microbiological diagnosis, or in the absence of 
such support, the most useful antibiotics are a combina-
tion of cefuroxime (IV 60 mg/kg 6- hourly for 3 days, then 
25 mg/kg 6- hourly) and metronidazole (7.5 mg/kg by IV 
infusion over 20 minutes every 8 hours) for a minimum 
of 3 weeks. A further 6 weeks of an appropriate oral 
antibiotic, such as amoxicillin, is usually necessary.

 O Amoxicillin route: oral:
 — Dose: 1 month to 18 years of age, 40 mg/kg daily 
in 3 divided doses maximum dose 1.5 g daily in 
3 divided doses.

 O An ENT surgeon may need to drain fronto- ethmoid 
sinuses or mastoids to prevent recurrence.

Hydrocephalus
Hydrocephalus can be diagnosed by trans- fontanelle 
ultrasound in infants with an open anterior fontanelle, and 
by CT (if available) in older infants and children. CT will also 
demonstrate the likely cause. 

 O The emergency relief of hydrocephalus, or suspected 
hydrocephalus, is by trans- fontanelle needle drainage 
in babies, or by burr- hole drainage and insertion of an 
external ventricular drain in older children. 

 O The best site for burr- hole drainage is on the right 
coronal suture in the mid- orbital line. The landmarks 
for trans- fontanelle puncture are the same as for sub-
dural puncture (see above), but the needle is angled 
more steeply. Most babies will tolerate venting of up to 
50 mL of CSF. Following withdrawal of the needle, the 
skin puncture is closed with a suture to prevent external 
leakage of CSF.

 O It is important to have the CSF examined by a microbi-
ology laboratory, remembering that sub- acute, partially 
treated, ‘neglected’ pyogenic meningitis and tubercu-
lous meningitis can present with hydrocephalus.

 O Defi nitive treatment may involve removal of the obstruct-
ing lesion in the case of a tumour or other mass, or 
establishment of a permanent CSF diversion by inserting 
an implanted ventriculo- peritoneal shunt.

 O Shunt blockage is common and must be diagnosed 
quickly. The symptoms of shunt blockage are essentially 
those of raised intracranial pressure, and require urgent 
attention if death or disability is to be avoided. The most 
reliable eye sign is loss of upward gaze. Blockages 
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usually affect the ventricular end of the catheter rather 
than the peritoneal end. Many children develop abdomi-
nal distension after shunting. This is due to the unusual 
load of CSF. In the absence of vomiting and constipation, 
it should be treated conservatively.

 O Shunt infections can present acutely with features of 
cerebral irritation, fever and seizures if there is major 
ventriculitis occurring within a few days of insertion; 
however, this is relatively rare. The only method that is 
guaranteed to eliminate shunt infection is removal 
of all components, including any loose or retained 
fragments from earlier procedures, interval external 
drainage, appropriate antibiotics and shunt rein-
sertion through fresh incisions. As with all serious 
infections, success is dependent upon accurate 
microbiological diagnosis. The most frequently 
encountered organisms are Staphylococcus epider-
midis and Staphylococcus aureus. The most useful 
antibiotic is vancomycin by IV injection children 1 month 
to 18 years 15 mg/kg every 8 hours to a maximum daily 
dose of 2 grams. The duration of treatment depends on 
how rapidly the CSF becomes sterile, but a minimum of 
7 days is recommended.

Myelomeningocoele
Myelomeningocoele is the commonest major congenital 
malformation compatible with survival. Its incidence has 
been progressively falling for 20 years. Although there 
are regional variations, the overall frequency is 0.7–0.8 
per 1000 live births. The objective of management in the 
immediate postnatal period is the prevention of infection 

of the central nervous system. This is achieved by early 
closure of the lesion.

 O The level of the open lesion is noted and an assess-
ment made of the sensorimotor level, the state of the 
sphincters, any orthopaedic deformity, and the presence 
of major hydrocephalus, as evidenced by signs of raised 
intracranial pressure (see above). 

 O The ideal is to achieve closure within 24 hours of 
birth. The majority of lesions have adequate skin in 
the wall of the sac, as long as this is not unneces-
sarily sacrifi ced by a wide incision. The technique 
employed involves mobilisation of the neural pla-
code, watertight dural repair and closure of the skin. 
While awaiting closure, the lesion should be protected 
with a dressing of moist sterile 0.9% saline, which must 
be replaced every few hours to prevent desiccation.

 O Most babies will require surgical treatment for hydro-
cephalus in the fi rst few weeks of postnatal life.

In children who are paralysed and without urinary or bowel 
control, the commitment is a lifelong one, and this is a chal-
lenge to families and healthcare systems. Before offering 
treatment to these children, it is important that their future 
prognosis and quality of life is discussed with the parents.

The aim should be to prevent as many as possible of 
these anomalies by adequate maternal nutrition prior to 
conception and during pregnancy. 

Folic acid taken prior to conception and for the fi rst 
trimester of pregnancy abolishes 75% of cases of mye-
lomeningocoele and anencephaly.

See Section 5.10.A.

5.17 Orthopaedic problems

BOX 5.17.1 Minimum standards
 Q Antibiotics. 
 Q X- rays.
 Q Erythrocyte sedimentation rate (ESR) and C- reactive 

protein (CRP).
 Q Antituberculous drugs.
 Q Orthopaedic procedures.

Introduction
Injuries are by no means the only paediatric orthopae-
dic problems in resource- limited countries. There is a 
great burden of orthopaedic infective conditions which, if 
treated suboptimally, can lead to considerable handicap. 
Furthermore, there is the same spectrum of non- infective 
conditions as is seen in well- resourced countries which, 
due to the limited resources available in under- resourced 
healthcare systems, represents a considerable diagnostic 
and therapeutic challenge.

Infections
Paediatric musculoskeletal infections are a common 
presentation in resource- limited countries. Morbidity and 
mortality can be prevented by prompt diagnosis, antibiotics 
and surgery where indicated. Infection should be suspected 
in any child presenting with pain or swelling in the limbs, 
spine or pelvis.

Pyomyositis
 O Pus is present within skeletal muscle, most commonly 

in the thigh and gluteal regions. 
 O It is caused by bacterial infection of muscle, in nearly 

70% of cases due to Staphylococcus aureus.
 O It is common in the tropics, but exceedingly rare in the 

developed world.
 O There may be a history of previous injection or trauma 

to the site.
 O Signs include general malaise, swinging fever, decreased 

range of motion, fl uctuant swelling in the later stages, 
and tenderness.
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Treatment
If diagnosed early (which is unusual), pyomyositis may 
respond to antibiotic therapy (fl ucloxacillin), but most cases 
will require incision and drainage of the abscess under 
general anaesthesia.

At operation
 O Incise along the long axis of the tender/swollen area.
 O Mark this area prior to giving anaesthesia.
 O Drain all pus.
 O Irrigate thoroughly.
 O Insert a wick to maintain drainage and prevent recur-

rence of the abscess.

Post- operative care
 O Give analgesia.
 O Give a 5- day course of antibiotics.
 O Change the dressings daily.
 O Evaluate for signs of recurrence and other foci of 

infection.

Osteomyelitis
This is infection within bone. It is common in resource- limited 
countries, and has a number of different manifestations:

 O acute haematogenous osteomyelitis
 O neonatal osteomyelitis
 O subacute haematogenous osteomyelitis
 O chronic osteomyelitis.

Acute haematogenous osteomyelitis 
Pathogenesis

 O The causes are unknown.
 O Infection starts in metaphyseal venous sinusoids.
 O There is thrombosis of the vessels.
 O Pus develops in the medullary cavity, leading to a build-

 up of pressure.
 O If untreated, pus bursts through the cortex and spreads 

under the periosteum, rendering bone ischaemic (see 
chronic osteomyelitis below).

 O In infants and children the pathogen is almost always 
Staphylococcus aureus (for neonates, see below). The 
exception is in sickle- cell disease, where Salmonella 
paratyphi is common. In this situation, use cefotaxime 
or ciprofl oxacin.

Diagnosis
 O Any child with fever and unexplained bone pain.

 — High index of suspicion.
 — Around 50% of cases will have a history of recent 
infection.

 — The child refuses to move the affected limb.

Investigations
 O In resource- limited countries, clinical examination is 

the mainstay of diagnosis.
 O White blood cell count is unreliable.
 O Erythrocyte sedimentation rate is raised in 90% of cases.
 O Blood culture is positive in 40–50% of cases.
 O Plain X- rays: bony changes take 7–14 days.
 O Aspiration and Gram stain; look for acid- fast bacilli.
 O Bone scan (if available).

Treatment
 O Prior to the formation of pus in the medullary cavity, 

antibiotics alone may suffi ce.
 O Due to the predominance of Staphylococcus aureus as 

the causative organism, the initial antibiotic should be 
fl ucloxacillin while culture results are awaited (50 mg/kg 
IV or orally (maximum individual dose 2 grams) 6- hourly 
for 3 weeks).

 O Once an abscess has formed this should be drained 
surgically.

Operative treatment
 O Undertake incision, drilling and drainage of the osteo-

myelitic abscess.
 O Mark the area of maximal swelling and tenderness prior 

to anaesthesia.
 O Make a longitudinal incision.
 O Dissect on to and incise the periosteum.
 O Drill the cortex of the bone. If there is no pus at one 

site, drill further holes proximally and/or distally until 
pus is obtained.

 O Copious irrigation is needed.
 O Leave the wound open, and apply a dry or antiseptic 

dressing.
 O Monitor post- operatively for recurrence and other foci of 

infection, and leave the wound to granulate.

Neonatal osteomyelitis
There are several features unique to neonatal osteomyelitis.

 O In the neonate, metaphyseal vessels communicate with 
epiphyseal ones, thus permitting the spread of infection 
into the epiphysis and ultimately into the joint. Therefore 
acute haematogenous osteomyelitis and septic arthritis 
may occur together. This can lead to complete lysis 
of areas such as the femoral head and neck and the 
proximal humerus, or premature physeal arrest.

 O As the immune system of the neonate is immature, 
there may be a less marked infl ammatory response to 
infection, with an absence of fever, raised white blood 
cell count or erythrocyte sedimentation rate.

 O Multiple foci of infection are more common.
 O A wider spectrum of infecting organisms is found (not 

only Staphylococcus aureus but also group B strepto-
cocci and Gram- negative coliforms).

 O Antibiotic treatment consists of gentamicin plus 
fl ucloxacillin.

Subacute haematogenous osteomyelitis
This differs in presentation from acute haematogenous 
osteomyelitis in the following ways:

 O It often has an insidious onset.
 O The clinical signs are less marked.
 O Investigations may be inconclusive or equivocal.
 O The location is usually metaphyseal, with plain X- rays 

showing a solitary lytic lesion (abscess) with a sclerotic 
margin.

 O The differential diagnosis includes a neoplasm.

The usual causative organism is, as for acute haematog-
enous osteomyelitis, Staphylococcus aureus.

Treatment consists of surgical curettage of the lesion 
followed by antibiotic therapy.
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Chronic osteomyelitis
If acute osteomyelitis goes untreated, the pressure due to 
the intramedullary pus eventually increases until it bursts 
through the cortical bone into the subperiosteal space. 
If still undecompressed, the pus spreads proximally and 
distally, stripping the periosteum and thus rendering this 
cortical bone ischaemic (having been deprived of both 
intramedullary and periosteal blood supply).

The avascular cortical bone therefore dies and 
becomes a focus of chronic infection called a ‘seques-
trum’. Simultaneously, a periosteal reaction occurs under 
the stripped periosteum, resulting in the laying down of new 
bone or ‘involucrum’.

The appearance on plain X- ray is characteristic, with 
sclerotic sequestrum separated (by the abscess cavity) 
from an irregular and enveloping involucrum.

Chronic osteomyelitis is difficult to treat even with 
optimal resources. Some guidelines on its management 
are as follows:

 O If an osteomyelitic abscess is beginning to point, or 
there are signs of an underlying abscess, this should 
be incised and drained.

 O In weight- bearing bones there should be no attempt at 
removal of sequestrum until the overlying involucrum is 
mature. This maintains the potential for weight bearing 
and ambulation.

 O Periods of immobilisation should be minimised in order 
to retain ranges of motion and function of nearby joints.

 O Sequestrum that begins to point through the skin can 
be removed or excised.

 O In many cases the clinical picture that results is one of 
intermittent fl are- ups of infection which can be treated 
by incision and drainage of abscesses, excision of 
sequestrate, and antibiotic (fl ucloxacillin) suppression 
of infection as required.

 O Curative treatment is often elusive even in specialised 
centres, and a degree of morbidity is unfortunately 
inevitable.

Septic arthritis
Septic arthritis is infection of a synovial joint.

Features
 O It is more common in males than in females.
 O The peak incidence is at around 2 years of age.
 O The fi rst symptom may be a reluctance to use the limb.
 O There is a swollen tender warm joint with a restricted 

range of motion.
 O There is commonly fever (38–40°C).
 O The patient is usually systemically unwell.

Diagnosis
 O The mainstay of diagnosis is clinical examination.
 O The white blood cell count is raised in 30–60% of cases.
 O Elevation of the erythrocyte sedimentation rate is more 

sensitive (except in the neonate).

Plain X- rays are often normal until there is evidence of bone 
destruction at 7–14 days. Common pathogens include 
Staphylococcus aureus, Haemophilus infl uenzae, group 
A and B streptococci, pneumococci and Gram- negative 
coliforms (in neonates).

Aspiration of the joint is the defi nitive test.

Treatment
 O Antibiotic therapy should not begin until after joint aspira-

tion and blood cultures have been taken.
 O Start with fl ucloxacillin (infants and children) or fl ucloxa-

cillin and gentamicin (neonates).
 O Some studies have shown that a combination of aspi-

ration and antibiotic therapy is suffi cient treatment, but 
this must be followed by close monitoring to ensure 
improvement.

 O If the child fails to improve, surgical washout and 
drainage is required either via open arthrotomy or by 
arthroscopic means (but only if a skilled operator and 
equipment are available).

Post- operative care
 O Continue antibiotic therapy, and monitor for recurrence.
 O Early mobilisation of the affected joint is needed to 

prevent stiffness.
 O If treated early, the prognosis for functional recovery is 

good. However, if presenting late there may already have 
been destruction of the articular surface.

 O Be alert for coexisting osteomyelitis, which is present in 
around 15% of cases of septic arthritis.

Tuberculosis
Tuberculosis as an entity is covered in detail in Section 6.1.N, 
but it is important to remember the potential orthopaedic 
manifestations.

 O It can cause both osteomyelitis and septic arthritis.
 O In both cases the signs are less marked than in their 

non- mycobacterial forms, and the history is usually 
more chronic.

 O It may be associated with systemic manifestations of 
tuberculous disease (respiratory and renal).

 O Spinal tuberculosis (Pott’s disease) can be the cause of 
both paraplegia and scoliotic deformity.

 O Treatment consists of surgical drainage and curettage of 
abscess cavities combined with antituberculous chemo-
therapy. For chronic disease and joint destruction, spinal 
stabilisation and joint arthrodeses may be indicated.

Non- infective conditions
The non- infective paediatric orthopaedic conditions 
described below can be extremely difficult to treat in 
resource- limited settings. First, without any form of popu-
lation screening procedure in place or comprehensive 
primary healthcare provision, many cases will present late. 
Secondly, the advanced diagnostic modalities (ultrasound 
and arthrography) that are needed to direct treatment may 
not be available. Finally, where surgery is indicated, the 
operative techniques often need highly specialist training 
and/or specialised resources such as internal fi xation and 
perioperative fl uoroscopy, which are unlikely to be available 
in most resource- limited countries.

Fortunately, the conditions described are rare, typically 
occurring at a rate of less than 0.1%. They thus present far 
less commonly than the orthopaedic paediatric infections, 
and cause a lesser burden of handicap overall.

Developmental dysplasia of the hip
Formerly known as ‘congenital dislocation of the hip’, this 
complex condition has now been renamed ‘developmental 
dysplasia’ in recognition of its variable characteristics, such 
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as the fact that it is not always present at birth, nor does it 
always feature hip dislocation.

 O Reported initial (neonatal) rates range from 3 to 17 per 
1000 live births, but the rate of established dislocation 
is much lower, at around 1 per 1000.

 O The aetiology is multifactorial; increased rates are seen in 
female children, fi rstborns, breech position and oligohy-
dramnios, and there is undoubtedly a genetic infl uence 
(increased rates are associated with a positive family 
history and affected siblings).

 O Early detection depends upon neonatal screening, which 
is often not available in resource- limited countries.

 O If screening is to be carried out, it should involve Barlow 
and Ortolani tests for newborns followed by subsequent 
re- examination and ultrasonography of suspected cases 
at 1 month of age.

 O Plain X- rays are of limited use before 6 months of age.

Treatment
As mentioned above, treatment of this condition in resource- 
limited settings is extremely diffi cult.

 O Up to 6 months of age, gentle closed reduction can be 
undertaken, and then maintained in a Pavlik harness.

 O If a Pavlik harness is unavailable, a plaster spica, main-
taining the hips in fl exion and abduction, will achieve 
the same objective.

 O In children over 6 months of age, closed reduction can 
still be attempted, but is increasingly less likely to be 
successful due to the interposed joint capsule preventing 
stable concentric reduction.

 O If closed reduction fails, open reduction can be attempted 
if surgical skills allow and infection is avoided.

 O Later presentation with proximal femoral and acetabular 
abnormalities may require complex secondary recon-
structive procedures, but these can only be undertaken 
in specialist hospitals by a specialist surgeon. 

The reality of developmental dysplasia of the hip in resource- 
limited countries is that cases will often not present until 
after the age of 18 months, when the child has failed to 
walk or has an obviously abnormal gait. By this time bony 
changes may have occurred, the only treatment then being 
complex secondary procedures, the skills and resources 
for which are usually unavailable in a resource- limited 
setting.

Congenital talipes equinovarus
More than two- thirds of cases of talipes equinovarus occur 
in developing countries. Most children receive either no 
treatment or substandard care. This results in physical 
disability that is entirely preventable.

There are three classes of talipes equinovarus (clubfoot):
 O Postural: this arises from intrauterine positioning, and 

resolves fully with passive stretching within a few weeks 
of birth. Parents can be trained to do this.

 O Congenital: this arises in an otherwise normal child, and 
has varying degrees of severity. It occurs in 1 in 1000 live 
births, and is bilateral in 30–40% of cases.

 O Syndromic: this is associated with other syndromes, 
such as arthrogryposis, is often severe and is refractive 
to treatment.

Treatment
 O The goal of talipes treatment is to obtain a functional 

plantigrade stable foot by the time the child begins to 
walk (i.e. before 1 year of age).

 O If it is recognised in the neonatal period, gentle daily 
parental manipulation may be successful, or alternatively 
manipulation and taping by qualifi ed healthcare profes-
sionals (e.g. a physiotherapist). Ponseti management 
has gained popularity as it does not require surgery 
and is easily learned (www.global- help.org/publications/
books/help_cfponseti.pdf).

 O For cases that fail to resolve in the fi rst 6–12 weeks, serial 
manipulation and plaster casting is indicated, with cast 
changes every 2–4 weeks.

 O If the deformity still fails to resolve, there may be a place 
for limited percutaneous soft tissue releases (Achilles 
tendon or plantar fascia) at the age of 3–9 months. 
These techniques are relatively easily learned, have 
low morbidity, and are user- friendly in resource- limited 
settings. They should be combined with manipulation 
and casting.

 O For the case that still fails to resolve, more extensive 
surgery, such as a postero- medial release, is required. 
The timing of this surgery is usually between 6 months 
and 1 year of age. Although specialist training is required 
to learn this operation, it can be relatively easily assimi-
lated by the non- orthopaedic surgeon and, being only 
a soft tissue release, does not require any ‘high- tech’ 
surgical resources.

 O Unfortunately, as with developmental dysplasia of the 
hip, children with this condition in resource- limited 
countries commonly present late (over 18 months of 
age), when the deformity is fi xed and secondary bony 
changes have occurred. Correction at this stage requires 
a combination of bony and soft tissue surgery which can 
really only be undertaken by an orthopaedic specialist 
surgeon.

 O In the adolescent child with fi xed chronic deformity, 
the procedure of choice may be an arthrodesis (fusion) 
combined with correction of deformity performed at 
skeletal maturity.

Perthes disease (Legg–Calve–Perthes 
disease)
Perthes disease is a disease of uncertain aetiology involv-
ing a process of fragmentation and repair of the femoral 
head, possibly due to underlying idiopathic osteonecrosis.

 O It usually occurs in susceptible children between 4 and 
8 years of age, but can occur in children as young as 
2 years or as old as 12 years.

 O It is fi ve times more common in boys, 10% of cases are 
bilateral, and it is associated with hyperactivity.

 O It presents with a limping or waddling gait with groin, 
thigh or knee pain.

 O X- rays show varying degrees and stages of fragmenta-
tion and repair of the femoral head.

 O The prognosis depends on the degree of fragmenta-
tion and the potential for repair and remodelling prior 
to epiphyseal closure. A good prognosis is therefore 
associated with early onset and male gender (as the 
epiphyses close later).

Treatment
 O In the majority of cases no specifi c treatment is indicated. 

The femoral head will repair and remodel satisfactorily, 
and the eventual outcome will be good. Bed rest, activity 
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restriction and abduction braces have no proven impact 
on the natural history of the disease.

 O In the small proportion of cases that may benefi t from 
surgery, the issue is containment. A very deformed 
femoral head may not sit or move properly in the ace-
tabulum, and thus leads to secondary arthrosis. A 
proportion of these cases may benefi t from varus oste-
otomies of the proximal femur or pelvic osteotomies. 
Assessment for these procedures requires arthrography 
at the very least, and the procedures themselves are 
very much the preserve of the orthopaedic specialist 
surgeon in a specialist hospital.

Slipped upper femoral epiphysis
Slipped upper femoral epiphysis (SUFE) (also known as 
slipped capital femoral epiphysis, SCFE) is a disease in 
which the epiphysis becomes posteriorly displaced on the 
femoral neck.

 O The prevalence is 1–10 per 100 000, and is higher in 
black populations.

 O It is twice as common in boys as in girls, the at- risk age 
group being 10–17 years for boys, and 8–15 years for 
girls. Most affected children are obese, and in 40% of 
cases there is bilateral hip involvement.

 O The aetiology is unknown, but is possibly endocrine 
related.

 O The onset may be abrupt or gradual. Sudden slips pre-
sent with severe pain and inability to walk; chronic slips 
present with pain often referred to the knees, a slight 
limp, and limited internal rotation of the hip.

 O Plain antero- posterior and lateral X- rays are the most 
important diagnostic investigations. Severity can be 
classifi ed according to the degree of epiphyseal dis-
placement. Greater than 30% displacement can result 
in premature osteoarthrosis.

Treatment
 O The goal of treatment for SUFE is to stabilise the slip-

page and to promote premature fusion of the epiphysis 
if possible.

 O Ideal treatment is fi xation in situ with a single cannulated 
screw. Given the posterior position of slippage, the 
point of entry of the screw needs to be anterior on the 
femoral neck. This procedure needs to be done under 
fl uoroscopic or X- ray control in a specialist hospital.

 O Where internal fi xation or peri- operative imaging is not 
available, an alternative would be spica cast immobilisa-
tion. However, this is often logistically diffi cult, and the 
physis may still be open even after cast removal.

 O For the most severe degrees of slippage, in the hands of 

a specialist surgeon, reduction and fi xation of the slip or 
femoral neck realignment osteotomies may be indicated.

 O The commonest complications of operative treatment for 
SUFE are chondrolysis and osteonecrosis of the femoral 
head due to vascular compromise.

Genu varum and genu valgum
Varying degrees of bowed knees and knock- knee are 
common in the paediatric population. Most of these are 
merely variants of the normal physiological knee- angle 
development appropriate to the child’s age. Very few will 
require any form of intervention.

 O Normal development: Babies are born with a varus 
knee angle that reduces with growth to become neu-
tral at 18 months to 2 years of age. Thereafter the 
knee becomes increasingly valgus, reaching a peak at 
5–7 years, after which the angle gradually declines to 
the 5–9 degrees of valgus seen in most adults.

 O Blount’s disease is a developmental condition that 
affects the proximal tibial physis and results in progres-
sive varus deformity.

 O Treatment of degrees of genu valgum and genu varum 
depends upon the age of the child and the severity of 
the condition. Bracing is of no proven benefi t. Various 
corrective osteotomies are possible, but these should be 
restricted to those cases with functional handicap, and 
are certainly not indicated merely on cosmetic grounds.

Scoliosis
Scoliosis is deformity of the spine characterised by lateral 
curvature and rotation.

 O The commonest cause of paediatric scoliosis in 
resource- limited countries is probably tuberculosis 
(Pott’s disease). X- ray appearances can be strongly 
suggestive of this diagnosis, and then antituberculous 
chemotherapy is commenced.

 O The scoliotic deformity is described as idiopathic where 
there is no known aetiology. Contrary to popular belief, 
most idiopathic scoliosis is only of cosmetic signifi cance; 
only the most severe cases will have any degree of 
cardiorespiratory compromise.

 O Scoliotic bracing is expensive, has compliance prob-
lems and is unlikely to be available in resource- limited 
countries. If available it may have a role in slowing 
the progression of curves which are between 20 and 
40 degrees.

 O Curves that are under 40 degrees at the time of skeletal 
maturity are unlikely to progress further.

 O Surgical correction requires a specialised hospital and a 
skilled fully trained surgeon and support staff.
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5.18 Skin disorders

BOX 5.18.1 Minimum standards 
 Q Anti- scabies treatment.
 Q Antibacterial treatment.
 Q Antifungal treatment.
 Q Topical steroids.
 Q Emollients.
 Q Antiviral treatment.

Introduction
In resource- limited countries, skin disease is dominated by 
bacterial infections such as impetigo and parasitic condi-
tions such as scabies and pediculosis. It is often poorly 
managed, and may incur a signifi cant economic cost to 
families through use of ineffective remedies. It is important 
to recognise whether cases refl ect individual or community 
problems; treatment of single cases of scabies will have little 
impact if there is widespread infection in the community.

Scabies
Scabies is a parasitic infection caused by the mite, 
Sarcoptes scabiei, which spreads from person to person, 
usually by direct contact. The adult female burrows a tun-
nel into the stratum corneum or outer skin layer, producing 
eggs which hatch into larvae within 3–4 days.

‘Outbreaks’ in communities may follow a cyclical pattern, 
with peaks of incidence occurring every 4–7 years. Infection 
in adults usually refl ects overcrowding in households and 

transmission through contact with infected individuals, 
including infants.

Clinical presentation
The main sites of infection include fi ngers, wrists, elbows, 
ankles, genitals and buttocks; the face and head may be 
affected in babies, but these sites are seldom involved in 
older children. Important clues include the following:

 O itching in several members of the same household
 O lesions in characteristic sites, particularly the lateral 

borders of the fi ngers
 O papules, pustules and sinuous tracks or burrows 

(5–10 mm).

In onchocerciasis (see Section 6.3.C.g), itching is also com-
mon but lesions are seldom found on the fi ngers.

Diagnosis
Remove mites from their burrows with a sterile needle and 
examine them under low power of the microscope.

Complications
Secondary bacterial (streptococcal) infection is common 
(see below). In severely immunocompromised individuals 
(e.g. those with AIDS) a crusted form of scabies, with-
out severe itching but with large numbers of mites, may 
occur.

Treatment
The cheapest treatment options are sulphur based. 
However, they are slow to take effect, and require daily 
applications for 7–14 days. Permethrin is the most rapidly 
active but also the most expensive option.

All potentially affected areas are treated, including the 
soles of the feet and, in babies, the scalp.

Failure of anti- scabetic agents often occurs because 
there is no place where individuals can apply these treat-
ments in privacy. Treat all members of the household, 
including those without itching.

Clothes should be cleaned or changed after the fi rst 
treatment. Resistance to gamma- benzene hexachloride 
occurs. Ivermectin (oral) is highly effective for crusted sca-
bies, but is not suitable for children under 5 years (single 
dose of 150 micrograms/kg). No food should be taken for 
2 hours before or after the dose.

Community- based treatments, although ideal, are sel-
dom practised as they are diffi cult and, although individually 
cheap, comparatively costly to apply to large numbers.

Impetigo
The term pyoderma is used to describe a range of super-
fi cial bacterial infections that include impetigo, folliculitis, 
abscesses (furunculosis) or secondary bacterial infection 
(e.g. of scabies). Impetigo is a form of pyogenic infection 
that involves the epidermis and is caused by Group A 

TABLE 5.18.1 Topical treatment of scabies

Anti- scabies 
preparation

Treatment Side effects

Sulphur Given as a 5–10% 
application in white 
soft paraffi n or 
as soap. Treat for 
1–2 weeks

Local irritation

25% Benzyl 
benzoate emulsion

Initial application, 
followed by a 
second one 
2–3 days later

Local itching, 
eczema

5% Permethrin 
cream

One application 
(another is often 
necessary)

Minimal itching

0.5% Malathion 
lotion

One or two 
applications

Itching

1% Gamma- 
benzene 
hexachloride lotion

One to four 
applications

Use with caution 
in children; 
seizures have been 
recorded

1% Crotamiton 
cream

1–2 weeks of 
treatment 

Not very effective, 
although it can 
reduce itching
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streptococci or Staphylococcus aureus. It is not possible 
to separate the two infections clinically.

Ecthyma occurs when impetigo penetrates deeper, to 
affect the dermis and cause ulceration.

Clinical presentation
Impetigo presents with oozing and yellowish crusted 
plaques, often on exposed sites such as the face. These 
plaques may be multiple, and form blisters, in which case 
Staphylococcus aureus is the usual cause. This may be 
transmitted to other parts of the body and to other children. 
Secondary infection of scabies may occur; papules become 
pustular and there may be surrounding impetiginised crusts 
on scabetic burrows.

Boils (furuncles) are also common, and are always 
caused by Staphylococcus aureus. Lesions are large tender 
fl uctuant masses with surrounding infl ammation. They may 
occur in other members of the same household.

Complications
A serious complication of streptococcal impetigo or 

pyoderma is glomerulonephritis, which follows infection 
by nephritogenic strains. In tropical environments, post- 
streptococcal glomerulonephritis more often follows skin 
infection rather than throat infection.

Management
Impetigo is transmissible, and treatment should include 
other contacts with lesions. Cover both Staphylococcus 
aureus and streptococci, unless laboratory facilities for 
culture are available. A topical agent may be used, but 
for widespread lesions oral treatment is usual (see Table 
5.18.2). The choice of medication is infl uenced by cost, 
extent of disease and type of lesions.

Most Staphylococcus aureus strains, even in remote 
communities, are resistant to both penicillin and tetracy-
cline. Most topical azole antifungal agents (e.g. clotrimazole, 
miconazole), apart from ketoconazole, have activity against 
Gram- positive bacteria. Boils are best managed by incision 
and drainage.

TABLE 5.18.2 Treatment of impetigo

Agent Route Use Cost

Cloxacillin, fl ucloxacillin Oral: 12.5–25 mg/kg 
four times a day

For widespread and severe impetigo. Rapid effect, 
with clearance in 3–5 days

Expensive

Mupirocin Topical For localised infections. Rapid effect, with 
clearance in 3–7 days

Moderate

Fucidin Topical As for mupirocin Moderate

Clioquinol Topical Slow to take effect (7–14 days). May stain skin; 
irritant

Cheap

Potassium permanganate (alternatives are 
chlorhexidine and povidone iodine)

Topical Simple to use, stains skin. Slow to take effect 
(7–14 days)

Cheap

Tropical ulcer (tropical phagedenic 
ulcer)
Tropical ulcer mainly occurs in children and teenagers, 
but is seldom seen in developed countries. It is patchily 
distributed in endemic foci throughout Africa, India and the 
West Pacifi c. It is associated with humid regions or areas 
subject to local fl ooding.

Tropical ulcer is considered to result from synergistic 
bacterial infection, of which one anaerobic organism is 
usually Fusobacterium ulcerans. Other bacteria present in 
lesions include spiral bacteria and Gram- negative bacteria. 
F. ulcerans has also been isolated from mud and stagnant 
water in the vicinity of cases. 

The initial lesion is a soft papule with surrounding 
hyper- pigmentation overlying an area of skin necrosis. This 
develops over at least 1 week, and when the overlying skin 
sloughs a regular and deep ulcer, 3–10 cm in diameter, is 
revealed.

Complications
With proper care and regular irrigation or cleansing of 
lesions the area will heal. About 5–10% of lesions may 
progress to chronic ulceration, and in some cases second-
ary squamous carcinoma or more serious infection (e.g. 
underlying osteomyelitis) may develop.

Management
The objective of treatment is to allow rapid healing without 
secondary infection.

Regimen
 O Dilute antiseptic (e.g. potassium permanganate solution), 

or 0.9% saline for cleansing the ulcer and surrounding 
skin.

 O Daily dressings.
 O A single IM dose of benzyl penicillin (50 mg/kg) or oral 

metronidazole (7.5 mg/kg every 8 hours for 5 days). The 
former is particularly important in areas where yaws is 
also endemic, as it will cover both conditions. 

 O If healing is delayed, local pinch grafting may be 
necessary.

Cutaneous leishmaniasis (see Section 6.3.A.c).

Superfi cial fungal infections
Common childhood fungal infections are scalp ringworm 
or tinea capitis and oropharyngeal candidiasis.

Tinea infections are caused by dermatophyte fungi, 
which are adapted to survive on the outer layer of the skin, 
the stratum corneum, or structures such as hair or nails 
derived from it. Dermatophyte infections are caused by 
one of three genera of fungi, Trichophyton, Microsporum 
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and Epidermophyton, which are acquired by spread from 
soil, animal or human sources (geophilic, zoophilic or 
anthropophilic infections, respectively). By convention they 
are referred to by the term tinea followed by the appropriate 
Latin word for the site affected – for example, tinea pedis 
(feet), tinea corporis (body) or tinea capitis (scalp).

Tinea capitis is often endemic in rural or urban areas of 
resource- limited countries and inner- city areas of industri-
alised countries. Prevalence rates may reach over 20% in 
some communities.

The main signs of infection are as follows:
 O scaling
 O hair loss: this may be diffuse or in localised patches; 

scalp hairs in affected areas may break at scalp level or 
a few millimetres above the skin

 O itching: this is variable.

The key to the diagnosis is the presence of broken hairs. 
Confi rmation is by culture of scrapings taken from the scalp 
surface with a sterilised scalpel or sterile scalp brushes. The 
presence of infection can also be verifi ed by microscopy 
of hair samples.

Complications
 O Kerion is a severe pustular reaction on the scalp, which 

accompanies a strong immune response to ringworm 
infection.

 O Favus is a widespread crusting form.
 O Secondary infection with bacteria may occur, usually 

where there are crusts overlying the surface of infl amed 
lesions.

Management
Culture of fungus can distinguish whether infection is from a 
human or animal source, i.e. zoophilic species (Microsporum 
canis, from cats and dogs; Trichophyton verrucosum, from 
cattle) or anthropophilic species (Trichophyton violaceum, 
T. tonsurans, T. soudanense or Microsporum audouinii).

The presence of infections in close contacts (e.g. 
schoolmates or family) may signal child- to- child spread and 
alert schools to other infected children. In resource- limited 
countries, mass treatments have a low priority because 
of health resources and because cases usually self- heal.

Children with severe symptoms (e.g. kerions, favus or 
widespread hair loss) should be treated.

 O Whitfi eld’s ointment or imidazole antifungal agents (e.g. 
clotrimazole) are generally ineffective in scalp ringworm.

 O The treatment of choice is griseofulvin, which is avail-
able in oral tablet or solution form, 10 mg/kg once daily 
(after food) and up to 20 mg/kg in refractory infections. 
Single- dose treatments with a 1- gram immediate dose, 
sometimes repeated after 1 month, have been success-
ful for mass treatment of infected classes in school. 

 O Terbinafine child 10–20 kg 62.5 mg; child 20–40 kg 
125 mg; child > 40 kg 250 mg all once daily for 4 weeks 
in tinea capitis is an alternative.

 O If possible, a topical treatment such as an imidazole 
cream (clotrimazole) two or three times daily, ketocona-
zole shampoo or selenium sulphide shampoo should be 
given to prevent spread to others. Occasionally, kerions 
may require topical or oral steroids, but these are not 
part of their initial treatment.

Eczema (atopic dermatitis)
Eczema is a specifi c infl ammatory disease involving the 
epidermis and dermis. In childhood the commonest form 
of eczema is atopic dermatitis. The latter is uncommon 
in rural areas of resource- limited countries, and appears 
to be associated with urban environments and increased 
affl uence.

Clinical presentation
Severe itching and a scaling rash affect the skin fl exures 
(e.g. the elbows, behind the knees, the neck). Scratching 
may be very severe, and suffi cient to disturb sleep.

Management principles
 O Moisturise the skin with emollients. Thicker more 

greasy preparations such as white soft paraffi n or a 
50:50 mixture of white soft paraffi n and liquid paraffi n 
are preferred to creams, as they provide longer- lasting 
effects.

 O Treat infl ammatory lesions with topical corticoster-
oids (once or twice daily). Weaker- strength preparations 
(1% hydrocortisone) are best, although it may be nec-
essary to use medium to strong topical steroids in 
some cases (never use the latter on the face). Use 
corticosteroids only intermittently, relying on emollients 
for long- term management.

 O Treat complications. These are secondary bacterial 
infections, usually Staphylococcus aureus and acute 
herpes sim plex (eczema herpeticum): apply aciclovir 
cream fi ve times a day for 5–10 days (until healed) or 
aciclovir orally if severe, 20 mg/kg four times a day for 
5–7 days, and contact dermatitis which may include 
allergy to topical medicaments such as lanolin and 
corticosteroids. An oral antibiotic (e.g. cloxacillin or 
fl ucloxacillin 12.5–25 mg/kg four times a day) in acute 
fl are- up of eczema may produce a good response.

Atopic eczema ranges from a mild skin rash to a severe 
condition that can dominate family life and may cause major 
family stress. Food allergy is a rare cause, and skin testing 
for precipitating factors is usually not helpful. In industrialised 
countries there are patient organisations (e.g. the National 
Eczema Society in the UK) which provide support and 
advice to patients and their families.

Hypopigmentation and 
hyperpigmentation disorders
These are often secondary to other infl ammatory processes 
which should be treated. There are no effective, cheap or 
easily administered treatments for the pigmentary changes 
themselves. The common fungal disease, pityriasis versi-
color, may present with hypopigmented patches on the 
trunk which coalesce; however, these are scaly. Treatment 
with topical antifungal azole creams (e.g. clotrimazole, 
miconazole) is effective.

Further reading
Regular updates on the management of skin disease in 

resource- limited environments are available in the 
Community Dermatology Journal, which can be accessed 
without charge on www.ifd.org

WHO (1997) Drugs used in skin diseases. http://apps.who.
int/medicinedocs/en/d/Jh2918e
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5.19 Surgical disorders

BOX 5.19.1 Minimum standards
 Q Surgeon experienced in working with children’s 

disorders.
 Q Anaesthetist experienced in children’s anaesthesia.
 Q Equipped theatre with appropriately sized instruments 

where relevant.
 Q Pain relief.
 Q Fluid management.
 Q Ultrasound.
 Q Radiography.
 Q Blood transfusion
 Q Cytology.
 Q Chest drain insertion.

Introduction
Children’s surgery is a specialist subject. There are some 
emergency operations that may have to be performed by 
a competent general surgeon, such as appendectomy 
and surgery for a strangulated inguinal hernia, but most 
of the operations that are needed on very young children 
and infants require specialist knowledge and experience. 
Children’s surgery is therefore likely to be a tertiary- level 
referral service.

Indirect inguinal hernia
This is the protrusion of the abdominal viscus into a peri-
toneal sac (the processus vaginalis) in the inguinal canal. 
The contents of the sac are usually intestines, but may be 
omen tum, Meckel’s diverticulum, or ovary and Fallopian 
tube in females.

 O Around 50% of cases are seen in the fi rst year of life, 
mostly before 6 months of age.

 O Patent processus vaginalis (not a hernia) is present in 
80% of boys at birth, in 40% at 2 years, and in 20% 
of adult men.

 O A bulge in the groin, which sometimes extends to the 
scrotum, and which appears when the child cries or 
strains but disappears when he relaxes, is certainly a 
hernia. Hernias are seldom symptomatic except when 
they are very large or are incarcerated or strangulated. 
On physical examination, cough or crying impulse is 
the most important sign. A soft bulge that is reducible 
on digital pressure is also a diagnostic feature. Hernia 
in neonates may be transilluminant, so it is not a very 
reliable test to differentiate with hydrocoele.

Needle aspiration is contraindicated in any inguinal swelling 
because of the risk of perforating the intestines.

Differential diagnosis
This should include the following:

 O Lymphadenopathy: fi rm, immobile, non- reducible, and 
no cough impulse.

 O Hydrocoele: can reach the upper pole of the swelling, 
transilluminant, no cough impulse is present.

 O Hydrocoele of the cord: separate from testes, non- 
reducible, no cough impulse, upper limit is reachable, 
moves on pulling on the same- sided testis.

 O Undescended testis: scrotum empty and hypoplastic, 
cough impulse, may be reducible.

 O Femoral and direct inguinal hernias: rare, but should 
be kept in mind.

Treatment
All inguinal hernias should be promptly repaired unless there 
is another medical condition that makes the anaesthetic 
risks prohibitive. Premature infants with hernia should not 
be discharged without a repair of the hernia, as the risk of 
incarceration is high. An anaesthetist with paediatric anaes-
thesia experience is required, as anaes thesia- related risks 
are higher in children. Post- operative apnoea may occur 
in premature babies and at times may require ventilatory 
support. If these facilities are not avail able, the baby should 
be referred to higher centres or the surgery deferred until 
the risks associated with anaesthesia are low.

There are reasons for avoiding delay, especially in 
infants.

 O Spontaneous disappearance of inguinal hernia does 
not occur.

 O The risk of incarceration is greater in infants.
 O Operation is technically more diffi cult and the risk of 

injury to the vas and testicular vessels is greater in long- 
standing and incarcerated hernia.

 O Increasing age does not affect the risk of anaesthesia so 
long as an experienced anaesthetist is available.

A herniotomy is performed through an incision in the low-
ermost transverse inguinal skin crease. The sac is identifi ed 
and transfi xed. Herniorrhaphy is not required, as the cause 
is a patent processus vaginalis. Bilateral exploration and 
repair are indicated in patients with bilateral hernias, but 
routine contralateral prophylactic exploration is no longer 
recommended.

Incarcerated hernia
This occurs when the intestine becomes stuck at the inter-
nal inguinal ring. If it is prolonged, the blood supply may also 
become compromised, causing strangulation. There is a 
sudden increase in the size of the hernia with severe pain 
and symptoms of bowel obstruction (vomiting and abdomi-
nal distension). On examination a hard tender fi xed mass 
in the groin is palpable, with increased bowel sounds on 
auscultation. It may be confused with the torsion of testis, 
acute inguinal lymphadenitis and tense infected hydrocoele.

Treatment
This includes the following:
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 O adequate sedation and administration of analgesics to 
calm the baby

 O cold fomentation (to reduce the oedema)
 O the application of gentle pressure to reduce the 

hernial contents (however, signs of peritonitis are a 
contraindication).

After reduction of the hernia, the child should be admitted 
to the hospital and checked hourly to ensure that there is no 
damage to the intestine or testis, and to reduce a recurrent 
incarceration promptly if it occurs.

Herniotomy is performed after 48 hours to allow 
tissue oedema to subside.

Hydrocoele
This is accumulation of fl uid in the scrotum; there is com-
munication via a patent processus vaginalis (PPV) with 
the peritoneal cavity. Rarely hydrocoele is secondary to 
epididymo- orchitis, tumour and torsion of the testis.

 O It is usually asymptomatic.
 O The testis is not palpable separately, and the upper 

pole of the swelling is reachable, reduces on lying down 
and is transilluminant (hernia in a neonate may also be 
transilluminant).

 O No cough impulse is present.

Differential diagnosis
Hydrocoele should be differentiated from inguinal hernia, 
and underlying pathology such as tumours and torsion 
of testis should not be missed. In older children, sperma-
tocoele and varicocoele are non- transilluminant, have 
a worm- like feeling on palpation, and are separate from 
the testes.

Surgical treatment
This is rarely indicated. More than 90% of hydrocoeles 
will spontaneously disappear. Surgery is indicated if it 
has not disap peared by the age of 2 years, and for 
hydrocoeles that are larger and symptomatic. Herniotomy 
or PPV ligation, as performed for inguinal hernia, is the 
procedure of choice.

Undescended testis (cryptoorchidism)
An undescended testis is one that cannot be made to reach 
the bottom of the scrotum. It is the second most common 
problem in paediatric surgery after indirect inguinal hernia, 
and should be distinguished from the more common 
retractile testis.

The incidence of undescended testis is 2.7–3% at birth 
in full- term infants, decreasing to 1.5% after 1 year of age, 
and thereafter the incidence remains the same. It is more 
common in premature infants, approaching 100% at a 
gestational age of 32 weeks or less.

 O An ectopic testis is one that has strayed from the 
inguinal canal, usually to the thigh, perineum, base of 
the penis, or femoral or abdominal region.

 O An ascending testis is one that is in the scrotum at birth, 
but the spermatic cord fails to elongate at the same rate 
as body growth, so the testis becomes progressively 
higher in the inguinal canal during childhood.

An impalpable testis is quite uncommon (less than 10%), 

and agenesis is rare (20% of all impalpable testes). A fully 
descended but grossly hypoplastic testis may be impal-
pable and only identifi ed by exploration. Normal descent 
of testes occurs around the seventh month of fetal life 
when the gubernaculum swells and shortens, drawing the 
testis through the inguinal canal into the scrotum. Failure 
of descent may occur because of hormonal failure (inad-
equate gonadotrophins and testosterone), a dysgenetic 
testis, or an anatomical abnormality such as an abnormal 
or malplaced gubernaculum, obstruction of the inguinal 
canal or scrotum, or a short vas or vessels.

Sequelae of non- descent
 O The higher temperature of the extrascrotal testis causes 

testicular dysplasia with interstitial fi brosis and poor 
development of seminiferous tubules, thus hampering 
spermatogenesis. Testosterone production is unaffected 
by position. Thus a male with bilateral undescended 
testes will develop secondary sexual characteristics, 
but will be sterile.

 O Due to dysplasia, there is an increased risk of malignancy 
(10-  to 20- fold higher). The risk of malignant degenera-
tion is not altered greatly by orchidopexy, but a position 
where it is palpable helps early diagnosis and gives a 
better prognosis. Malignancy usually develops in the 
second or third decade of life.

 O A testis in the inguinal region is more prone to direct 
trauma and torsion.

Examination
An unhurried examination with warm hands and environ-
ment greatly helps in picking up a testis in an abnormal 
position. A hypoplastic scrotum may suggest that it has 
never housed a testis. In older children, squatting may 
coax the testis into the normal position, thus differentiat-
ing a retractile testis. Always look for an associated hernia. 
The position and size of the testis should be noted. If it is 
impalpable, ectopic locations of the testis should be exam-
ined. For a testis that cannot be felt at all, an ultrasound 
examination may be helpful. Bilateral non- palpable testes 
may require laparoscopic examination and hormonal pro-
fi les in a higher centre.

Treatment
The histological changes in the testes occur as early as 
6 months of postnatal life, and therefore a child who has 
an undescended testis should be operated at the earliest 
time possible to prevent such changes.

The best time for orchidopexy is about 1 year of age, 
and preferably before the child’s second birthday. 

 O The hernial sac should be dissected from the cord 
structures and a high ligation done.

 O The testis is placed in an extra- dartos pouch in the 
scrotum after an adequate dissection and mobilisation 
of the vas and vessels. Retroperitoneal dissection and 
careful snipping off of lateral peritoneal bands will give 
an adequate length to the cord.

 O In about 50% of cases of impalpable testis a useful 
testis can be brought down, and in the remaining 50% 
there is either no testis present (testicular agenesis or 
intrauterine torsion- vanishing testis), or there is a use-
less and potentially neoplastic testis, which is removed.

 O For an abdominal testis, laparoscopy is useful for iden-
tifying and confi rming the position of the testis and 
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simultaneously permitting the ligation of spermatic 
vessels (Fowler–Stephen’s stage I operation). Later the 
testis can be brought into the scrotum after dividing the 
artery, the testicular blood supply being sup ported by 
the artery to the vas.

 O For psychological reasons, if orchidectomy has been 
undertaken, prosthetic replacement should be per-
formed later on.

 O In bilateral undescended testes, especially with hypo-
spadias, an intersex disorder should be suspected and 
the child should be further investigated.

Prognosis
There is a 2% recurrence rate, 2–5% incidence of atrophy, 
70–80% fertility after unilateral orchidopexy, and 40% fertility 
after bilateral orchidopexy.

Phimosis
Phimosis is defi ned as excessive tightness of the foreskin, 
preventing retraction behind the glans. It occurs in 1–2% of 
males. The foreskin normally cannot be retracted in infants, 
and non- retractability of the foreskin is not pathological 
until the age of 3 years. Forced retraction may cause 
phimosis by producing tears in the foreskin, which heals 
with scarring and contraction. If there is pooling of urine 
and repeated attacks of balanoposthitis, simple dilatation 
of the foreskin can be done and the mother given advice 
about local hygiene.

After the age of 3 years, the foreskin becomes natu-
rally retractile. Explain to the mother that daily retraction 
and cleansing of the glans will prevent recurrence of the 
phimosis. At the same time it is of utmost importance to 
emphasise the importance of reducing the prepuce over the 
glans to avoid paraphimosis, which is an inability to bring 
the foreskin into its natural position because it is trapped 
in the sulcus at the base of the glans.

Circumcision for phimosis is only indicated where 
the prepucial skin is scarred and fi brotic due to balanitis 
xerotica obliterans.

Hypospadias
This is a condition where the urethra opens on the ventral 
aspect of the penis at a point proximal to the normal site. 
When it opens on the dorsal aspect (termed ‘epispadias’) 
there is usually associated exstrophy of the bladder.

 O Hypospadias is one of the commonest congenital 
anomalies of the male genitals, occurring in 1 in 300 male 
births. There are various degrees of severity depending 
on how far back the urethral meatus lies. It may be asso-
ciated with undescended testes, and in severe cases 
there is a possibility of an intersex problem.

 O Ventral curvature of the shaft of the penis is called 
a ‘chordee’. It is due to fi brosis of the urethral plate, 
shortened skin, or fi brosis of the corpora cavernosa. 
The prepuce is defi cient ventrally, and an unsightly dorsal 
hood of redundant skin is present.

 O Congenital short urethra is a deformity where there 
is ventral curvature of the shaft of the penis without 
hypospadias.

The disabilities of hypospadias are cosmesis of the penis, 
a stream that is defl ected downwards or splashes, and in 

severe hypospadias, boys have to void in a sitting posi-
tion (like females). Uncorrected chordee interferes with 
intercourse, and there is infertility in severe hypospadias 
(penoscrotal and perineal), as semen is not directed into 
the vagina.

Treatment
Hypospadias should be corrected before school age so 
that the child does not feel ostracised in society. In severe 
cases of hypospadias, intersex disorders and associated 
urological abnormalities such as pelvic- ureteric junction 
obstruction or renal agenesis should be ruled out.

Principles of surgery
These are as follows:

 O correction of chordee to straighten the penis (orthoplasty)
 O movement of the urinary meatus to its normal position 

on the tip of the penis (urethroplasty)
 O correction of the deformity of the glans to give it a conical 

shape (glansplasty).

No infant with hypospadias should be circumcised, as the 
prepuce is essential for the repair. Repair can be undertaken 
as a one- time or staged procedure. It depends on the 
degree of chordee and the severity of the hypospadias.

Bladder stones
In resource- limited countries, bladder stones are quite 
common due to the prevalence of malnutrition. The stones 
are composed of ammonium acid urate and oxalate, and 
are seen in lower socio- economic groups. Such stones are 
usually related to a high dietary intake of rice or wheat and 
low intake of milk and animal protein (see Section 5.10.B).

Children present with increased frequency of urine and 
strangury or haematuria (the child usually holds the penis 
and rubs it with the fi nger and cries during micturition). 
Children may present with an episode of retention of urine 
if the bladder stone becomes impacted at the bladder neck 
or in the urethra.

During rectal examination, a stone may be palpable on 
bimanual palpation. A plain abdominal X- ray may reveal 
calcifi ed stones. Abdominal ultrasonography will detect 
non- calcifi ed stones.

Treatment
Open stone surgery is the modality of choice. Endoscopic 
removal can be performed in some children if the necessary 
equipment and expertise are available.

If there is no infection, two- layered closure of the bladder 
is suffi cient, requiring no catheter or suprapubic drainage. 
Once the stones have been removed, recurrence is rare.

Cervical swellings
The neck is one of the commonest sites of cystic and solid 
swellings during childhood. Lesions are either develop-
mental anomalies arising from the remnants of branchial 
arches, thyroglossal tract, jugular lymphatics or the skin, or 
acquired as in diseases of the salivary gland, lymph nodes 
or thyroid gland.

 O Lymphangiomas (cystic hygroma).
 O Branchial cysts/fi stulae.
 O Thyroglossal cyst.
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 O Ectopic thyroid/thyroid swellings.
 O Epidermal cyst.
 O Swelling of salivary glands.
 O Haemangiomas.
 O Lymph- node swellings.

Lymphadenopathy
Enlargement of the lymph nodes may result from acute or 
chronic infection and from primary or secondary neoplasia.

 O Infection is the commonest cause of lymph node 
enlargement in childhood, secondary to scalp and skin 
infections, including lice.

 O Tuberculosis is the most important pathogen in resource- 
limited countries.

 O In many cases the lymph nodes are reacting to an upper 
respiratory tract infection or an ear infection. This is 
known as non- specifi c reactive hyperplasia, and is 
much more common. Thus not every enlarged lymph 
node needs a surgical biopsy.

 O Primary tumours of the lymph nodes include lymphoma 
and leukaemia.

Enlargement of a lymph node by more than 1 cm is 
signifi cant, and a persistent node more than 3 cm in 
diameter requires fi ne- needle aspiration cytology or 
surgical biopsy.

A careful history with regard to repeated upper respira-
tory tract infections, boils on the scalp or drainage area, and 
ear discharge, should be taken. A positive family history of 
tuberculosis is an important feature of tubercular lymphad-
enitis. A history of the pattern of fever, loss of weight and 
appetite, and the presence of night sweats are important 
features when making a differential diagnosis.

On careful physical examination, all sites of lymph 
nodes (cervical, axillary, inguinal and abdominal) should 
be examined. The size, number, consistency, tenderness, 
and presence or absence of fl uctuations should be noted. 
On abdominal examination, liver, spleen and mesenteric 
lymph nodes should be palpated. The drainage area of the 
lymph nodes should be examined for boils, furuncles, injury 
or neoplastic swelling. The tonsils should be inspected for 
enlargement and suppuration.

 O In acute lymphadenitis, the affected nodes are 
enlarged, painful and tender, restricting movement of 
local areas of the body. Fever and leukocytosis are 
common. Untreated infections may resolve spontane-
ously, progress to suppuration and abscess formation, 
or become chronic.

 O In tubercular lymphadenitis, lymph nodes are enlarged 
and painless, and become matted together and fi xed to 
adjacent structures. Caseation leads to the formation 
of ‘cold’ abscesses, which lack the local and systemic 
signs of acute inflammation (fever, tenderness and 
erythema). When a cold abscess ruptures through the 
deep fascia (a ‘collar- stud abscess’) the skin becomes 
red and thin, takes on a blue tinge and then gives way 
to establish an indolent tubercular sinus. On aspira-
tion, straw- coloured fl uid is present, in contrast to the 
thick pus that is usually present in an acute abscess. 
Confi rmation depends on culture of the organisms or 
visualisation of acid- fast bacilli on microscopy.

 O In primary neoplasia (e.g. leukaemia) the nodes are 
painless, rubbery in consistency and discrete. Liver 
and spleen enlargement may or may not be present. 

Systemic features of low- grade fever, night sweats, or 
loss of weight and appetite point towards the diagnosis.

 O Secondary enlargement of the lymph nodes due to 
neoplasia is rare in childhood.

 O Primary cancers are soft- tissue sarcomas and very 
rare. The nodes are large, fi rm to hard in consistency, 
and fi xed to underlying structures.

Investigations
 O Full blood count.
 O The erythrocyte sedimentation rate is usually raised in 

chronic infection and neoplasms. Leukocytosis is seen in 
acute lymphadenitis and abscess formation. Leukaemia 
will usually be diagnosed by the appearance of leukae-
mic cells in peripheral blood.

 O Mantoux test. To diagnose tuberculosis, start with 1 in 
10 000 and then 1 in 1000. A strongly positive test is a 
pointer towards the diagnosis; if the test is negative, it 
does not rule out the disease (especially in the presence 
of HIV infection).

 O X- ray of the chest.
 O To identify there is the pulmonary lesion of primary 

complex or the hilar lymphadenopathy seen in cases 
of tuberculosis. Mediastinal widening is seen in patients 
with lymphomas.

 O Fine- needle aspiration cytology (FNAC) is helpful if there 
are persistent lymph nodes that do not decrease in size 
after a 1- week course of antibiotics and another week of 
observation. Lymphomas cannot be defi nitely diagnosed 
on FNAC, and a surgical biopsy is mandatory.

Treatment
Acute lymphadenitis

 O Antibiotics are prescribed. Penicillin is usually appropri-
ate, as most infections occur outside the hospital setting. 
Oral or IV preparations may be used. If improvement has 
not occurred within 48 hours, a broad- spectrum antibi-
otic such as an oral or IV cephalosporin may be started.

 O Anti- infl ammatory medication (to relieve the pain and 
reduce the swelling).

 O Hot fomentation (to relieve the pain and reduce the 
swelling).

Fluctuation, or other local signs of abscess formation, 
indicate the need for incision and drainage of pus, 
which is best performed under general anaesthesia. All of 
the loculi are broken and necrotic material is curetted out. 
Always visualise and remember the important struc-
tures nearby. A sample should be sent for microscopy 
(including Ziehl–Neelsen staining), culture and sensitivity, 
and appropriate antibiotics prescribed. The precipitating 
cause of acute lymphadenitis should also be treated.

Tubercular lymphadenitis
Antitubercular treatment leads to resolution (a full course 
of 9 months should be undertaken, with four drugs for 
2 months and two drugs for the next 7 months; see 
Section 6.1.N).

Cold abscesses require drainage, and repeated aspira-
tions may be preferable to avoid sinus formation, pending 
diagnosis and initiation of treatment.
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Lymphomas and leukaemias
After diagnosis, further investigations will be required to 
stage the disease and its treatment (see Section 5.14).

Cystic hygroma
This is a hamartoma of the jugular lymph sac which pre-
sents in infancy and is more common in boys than in girls. 
It produces a major neck swelling and is diagnosed by 
inspection. The swelling is usually found as a unilateral, 
fl uctuant, transilluminant swelling centred on the carotid 
triangle. The cysts are of varying sizes and contain clear 
fl uid. A haemangiomatous element may be present in the 
swelling, giving it a reddish tinge instead of a light blue 
colour. Cysts may enlarge suddenly due to viral or bacterial 
infection or haemorrhage. If the cyst compresses airways 
and vessels, it may cause stridor, respiratory distress 
and superior vena caval syndrome. Initially these lesions 
can be treated by aspiration and intralesional injection of 
bleomycin (a less expensive anti- cancer drug), at a dose 
of 300–600 micrograms/kg; these procedures can be 
repeated every 2–6 weeks, producing excellent results 
in the majority of cases. Surgical excision is diffi cult, and 
removal should be attempted without sacrifi cing important 
structures, in some cases in conjunction with sclerotherapy.

Branchial cysts, sinuses and fi stulae
Sinuses and fi stulae most commonly arise from the sec-
ond branchial cleft, and occasionally from the fi rst or third 
one. They present as a small discharging sinus on the 
skin overlying the lower third of the sternomastoid muscle. 
Parents often notice a drop of clear fl uid coming from a 
very small opening. Sinuses and fi stulae usually present 
in early childhood, and may sometimes be complicated 
by infection and abscess formation. Treatment consists of 
surgical excision of the whole tract up to the pyriform fossa 
to prevent recurrence. Methylene blue is injected or a nylon 
thread guided in the fi stula to delineate it during surgical 
dissection for appropriate excision.

Thyroglossal cyst
The descent of the thyroid gland from the fl oor of the fetal 
mouth leaves a tract from the foramen caecum of the 
tongue to the thyroid isthmus. A cyst lined by respiratory 
epithelium may arise anywhere along the tract, but is usually 
subhyoid (75%). The swelling is in the midline and moves 
with swallowing and also with protrusion of the tongue. An 
infected cyst may be mistaken for acute bacterial lymphad-
enitis, or an ectopic thyroid may cause a similar swelling.

The thyroglossal cyst and the entire tract along with the 
central portion of hyoid bone should be excised to minimise 
the risk of recurrence (Sistrunk’s operation).

Epidermoid cyst
Inclusion dermoid cysts arise from ectodermal cells that 
become detached during fetal growth. They are often in 
the midline or along lines of embryonic fusion. They con-
tain sebaceous cheesy material surrounded by squamous 
epithelium. They enlarge slowly and should be removed 
completely; the capsule should not be breached to prevent 
recurrence.

Haemangiomas
These are the most common tumours of infancy and the 
most common congenital anomalies. They are present in 
around 1–3% of all newborn infants. This fi gure increases 
to 10% by 1 year of age. Haemangiomas can be capillary 
or cavernous, although both types may be present.

The natural history of capillary haemangiomas is as 
follows:

 O They initially present shortly after birth as a pale pink or 
bright red spot or patch on the skin. 

 O There is subsequently rapid growth in infancy for 
3–6 months, followed by a static phase.

 O At 18–24 months the lesion starts to involute. Around 
50% will involute by 5 years and 90% by 7 years. Rarely 
the lesion persists and requires excision.

A cavernous haemangioma has a deeper component in 
subcutaneous tissues or muscles, and is less likely to 
regress completely.

Management
Management of these lesions consists of an accurate diag-
nosis and careful observation. Parents need reassurance 
when the lesion is growing rapidly. Problems of ulceration, 
bleeding and (rarely) infection occur secondary to minor 
trauma. These are best treated non- operatively.

 O Surgical excision is indicated when there is functional or 
gross cosmetic disability (e.g. a haemangioma on the 
eyelid), or a vital organ is threatened.

 O Steroids may be used to induce involution in large 
haemangiomas (prednisolone 1–2 mg/kg/day for 
2–4 weeks; the dose is tapered off before stopping the 
therapy). These can be repeated in cycles, with a gap 
of 4–6 weeks. Intra- lesional steroids can be used to 
induce regression in the size of haemangiomas in and 
around the eye.

Obstructive jaundice in infancy
This is most commonly caused by extrahepatic biliary 
atresia, choledochal cyst or inspissated bile syndrome.

 O The most difficult differential diagnosis is neonatal 
hepatitis.

 O If jaundice in the newborn persists, the stools are never 
yellow or green, and the urine is brown, a conjugated 
bilirubin level should be measured and urobilinogen and 
bilirubin looked for in the urine.

 O Ultrasound may help in diagnosis. Strongly suspected 
cases need referral for radioactive scan and further 
management.

Empyema thoracis (see Section 5.3.B)
This is defi ned as an accumulation of pus in the pleural 
space. In most children this results from an infected pleural 
effusion associated with ongoing uncontrolled pulmonary 
sepsis or pneumonia. An infection of the pleural space 
is unlikely when there is a healthy underlying lung that is 
completely expanded. Empyemas and effusions may be 
diffuse and involve the entire pleural space, or they may be 
intralobar, diaphragmatic or paramediastinal.

Before the advent of antibiotic therapy, Pneumococcus 
and Streptococcus species were the organisms most 
frequently associated with empyema. Currently 
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Staphylococcus aureus is the most common organism. In 
resource- limited countries, Mycobacterium tuberculosis is 
an important cause.

Other reasons for empyema include extension of lung 
abscess, trauma and extension of subphrenic abscess.

An empyema usually presents with pleuritic chest pain 
and a heavy sensation on the involved side. The child is 
febrile, tachypnoeic, tachycardic and may have a cough 
that is productive (purulent sputum).

Examination
On examination there is reduced respiratory excursion, 
pain and dullness on percussion. A friction rub or distant 
to absent breath sounds may be heard on auscultation of 
the involved side.

 O Chest X- rays in the antero- posterior and lateral views are 
necessary for the accurate localisation of the empyema. 
The underlying lung may show consolidation or evidence 
of infection by tubercular organisms. There may be 
evidence of a mediastinal shift to the opposite side. The 
presence of pneumatocoeles indicates staphylococcal 
infection.

 O An ultrasound scan may help to distinguish fl uid from 
consolidation in a patient with complete opacifi cation. 
It is also helpful for localising a loculated empyema that 
may be drained. It is essential for evaluating the condi-
tion of the underlying lung in order to decide whether to 
proceed with decortication or pneumonectomy.

Management
Treatment depends on the cause, whether the condition 
is acute or chronic, the state of the underlying lung, the 
presence of a bronchopleural fi stula, the ability to oblit-
erate the space, and the patient’s clinical condition and 
nutritional status.

 O Fluid from the effusion should be aspirated (by thora-
cocentesis) under ultrasound control after giving local 
anaesthesia (see Section 5.3.B).

 O If the fluid is serosanguinous, thoracocentesis and 
appropriate antibiotics (benzylpenicillin and fl ucloxacil-
lin) given by the IV route until the temperature settles 
(change the antibiotics according to sensitivity), and then 
orally, for a total period of 6 weeks, can be a defi nitive 
treatment.

 O If the fl uid is thick and purulent, a tube thoracostomy 
is indicated. An intercostal tube should be placed in a 
dependent position to encourage the pleural space to 
drain completely. Simultaneously, physiotherapy should 
be instituted to expand the lung and obliterate the space 
(see Section 8.3 for placement of chest drains).

 O If loculated and undrained pockets are present and the 
lung is not expanding on tube thoracostomy, an open 
surgical procedure (decortication) will be required, but 
adequate time should be given to non- operative treat-
ment. If the underlying lung is badly damaged, and will 
not expand on vigorous physiotherapy, pneumonectomy 
is indicated.

 O In tubercular empyema, a 6-  to 8- week course of antitu-
bercular treatment (see Section 6.1.N) is essential for 
optimum results. Surgical therapy should be withheld, 
except for emergency drainage, until the tubercular dis-
ease in the lung has regressed or stabilised, as shown 
on the serial chest X- rays.

Urinary tract infection (UTI) due to 
surgical causes
Recurrent UTI requires investigation to exclude the following 
structural and functional abnormalities:

 O vesico- ureteric refl ux (see Section 5.6.B)
 O posterior urethral valves
 O neurogenic bladder (see Section 4.2.D)
 O urethral strictures
 O bladder stones (see above)
 O diverticulum of the bladder and urethra
 O voiding dysfunction.

Umbilical pathology
Umbilical hernia

 O This is a defect in the umbilical ring, which generally 
closes at birth, leading to protrusion of a loop of bowel or 
omentum through it. Some degree of herniation is seen 
in 20% of newborn babies, and still more in premature 
babies or when there is any increase in intra- abdominal 
pressure (e.g. due to ascites or VP shunt).

 O Swelling appears on crying and straining, and decreases 
when the child is calm.

 O It can be reduced with an audible gurgle.

Most umbilical hernias close spontaneously in the 
fi rst 12 months of life, but they may take up to 3 years. 
Strangulation and incarceration are virtually unknown; 
therefore it is safe to wait. Strapping with coin application 
is contraindicated, as it leads to maceration of skin and 
infection, without any real advantage of inducing closure.

Surgical indications are a large hernia that has not 
closed by 3 years of age or an incarceration.

Umbilical discharge
 O Purulent discharge is seen in umbilical sepsis. Neonatal 

tetanus is a serious condition in which mortality is very 
high (see Section 3.4) (cow dung application, as prac-
tised in rural India, is one cause). Portal thrombosis 
may occur secondary to it and manifest later as portal 
hypertension. Appropriate antibiotics (benzylpenicillin) 
should be instituted at the earliest possible stage, and 
local hygiene maintained.

 O Mucus/serous discharge is seen in umbilical polyps 
and granulomas. Silver nitrate application will enable 
these to epithelialise. If these persist, excision will be 
required. Umbilical fi stula may be present and require 
exploration and excision.

 O Urinary discharge is seen with a patent urachus in 
association with a lower urinary tract obstruction. It is 
quite rare. Surgical treatment involves excision of the 
urachal remnant after investigation and relief of any 
underlying outlet obstruction.

 O Faecal discharge is seen with a patent vitello- intestinal 
duct. This is a persistence of the connection between 
the yolk sac and the midgut, which normally disappears 
at about the sixth week of gestation. All remnants need 
to be excised, which may necessitate a laparotomy to 
search for any discontinuous segments of the tract.

Appendicitis
Appendicitis is the most common abdominal surgical emer-
gency. Although diagnosis and treatment have improved, 
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appendicitis continues to cause signifi cant morbidity, and is 
still (although rarely) a cause of death. However, abdominal 
pain unrelated to appendicitis is also common, and in many 
cases a few hours of active observation are recommended 
before proceeding to surgery.

Appendicitis results from luminal obstruction following 
infection or impaction by a faecolith. Infl ammation of the 
appendix does not inevitably lead to perforation, as spon-
taneous resolution may occur.

Clinical presentation
 O Presentation is very variable.
 O Pain is invariably present and nearly always the fi rst 

symptom. Early visceral pain is non- specifi c in the epi-
gastric or umbilical region, and only later does pain 
become localised over the appendix, most typically 
at McBurney’s point. Pain with a pelvic appendix is often 
delayed in onset because the infl amed appendix does 
not contact the peritoneum until rupture occurs and 
infection spreads. Pain of a retrocaecal appendix may 
be in the fl ank or back.

 O Anorexia, nausea and vomiting typically follow the onset 
of pain within a few hours.

 O Diarrhoea occurs more frequently in children than in 
adults, and can result in misdiagnosis. It may indicate 
a pelvic abscess.

 O The child with acute appendicitis lies in bed with minimal 
movement. There may be fever and tachycardia.

 O The patient may be asymptomatic before perforation 
occurs, and symptoms may be present for longer than 
48 hours without perforation. In general, however, the 
longer the duration of symptoms, the greater the risk 
of perforation.

Examination
Examination of the chest to rule out a lower respiratory tract 
infection is essential.

The single most important aspect of evaluation is 
serial examination undertaken by the same person. 
This decreases the number of unnecessary operations. 
Analgesia should not be withheld as was previously advised.

Investigation
There may be an increase in the white blood cell count, 
but this is unreliable.

Ultrasonography is an effective diagnostic aid, with a 
sensitivity of about 85% and a specifi city of about 90%. 
Demonstration of a non- compressible appendix that is 
7 mm or larger in antero- posterior diameter is the primary 
criterion.

Management
 O The initial management involves IV fl uids and adequate 

analgesia.
 O In a patient who presents with peritonitis, adequate fl uid 

resuscitation (see Section 5.5.B) must be performed 
before surgery is undertaken.

 O For early non- ruptured appendicitis, peri- operative anti-
biotics (cefuroxime and metronidazole) should be given.

 O For perforated appendicitis after appendicectomy, saline 
irrigation of the peritoneal cavity with the patient in the 
head- high position is advisable in an attempt to remove 
as much infected material as possible. Intravenous anti-
biotics should be given for at least 5 days:

 — Cefuroxime (50 mg/kg 8-  to 12- hourly) plus metronida-
zole (7.5 mg/kg 8- hourly IV over 20 minutes) 

OR
 — Ampicillin IV (25–50 mg/kg 8- hourly; maximum 
4 grams/day) plus gentamicin (7 mg/kg once daily) 
plus metronidazole (7.5 mg/kg 8- hourly). 

 O If the initial presentation is with an appendicular mass, 
conservative treatment with IV antibiotics is given until 
the symptoms subside, with a plan for an interval 
appendicectomy.

Complications
Complications following appendicectomy include wound 
infection, abscess formation (local, subphrenic or pelvic) 
and paralytic ileus. A late complication may be an adhesive 
bowel obstruction.

Pyloric stenosis
This is a classical cause of gastric outlet obstruction in 
infants. It has a prevalence rate of about 1.5 to 4 in 1000 
live births among white populations, but is less common 
in Africans and Asians. It is more common in males than in 
females, with a ratio of between 2:1 and 5:1. There appears 
to be an increased risk to fi rstborn infants with a positive 
family history.

Cause
No defi nite cause has been established. Pathologically 
there is marked muscle hypertrophy, primarily involving the 
circular layer, which produces partial or complete luminal 
obstruction.

Presentation
Pyloric stenosis typically presents at 2–8 weeks of age, 
with a peak occurrence at 3–5 weeks. The vomiting is 
projectile and non- bilious. Occasionally there is coffee- 
ground vomiting due to gastritis or oesophagitis. The child 
remains hungry after vomiting, and is otherwise not ill 
looking or febrile. Around 2–5% of infants have jaundice 
associated with indirect hyperbilirubinaemia. Non- bilious 
projectile vomiting, visible gastric peristalsis in the left upper 
abdomen, and in those presenting late a hypochloraemic 
hypokalaemic metabolic alkalosis are the cardinal features 
of pyloric stenosis.

Diagnosis
A defi nite diagnosis can be made in 75% of infants with 
pyloric stenosis by careful physical examination of the 
upper abdomen. An absolute prerequisite for this is a calm 
and cooperative child, a warm environment, good light and 
patience. With the patient in the supine position, in the 
mother’s left arm and sucking on the left breast, and the 
surgeon sitting on the left side of the patient, the left hand 
is used to feel the classically described ‘olive’ to the right of 
the rectus muscle, often palpated against the spinal column. 
Visible gastric peristalsis is often noticed.

Investigations
 O Ultrasonography is the most commonly used imaging 

technique for diagnosis. A positive fi nding is a pyloric 
canal length of 16 mm or more and a pyloric muscle 
thickness of 4 mm or more. A diameter of more than 
14 mm is also considered abnormal.
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 O Blood investigations in an advanced situation may show 
the typical hypochloraemic hypokalaemic metabolic 
alkalosis.

Management
 O It is most important to prepare the patient appropriately 

and adequately for anaesthesia and surgery.
 O Intravenous fl uid resuscitation with 5% glucose in 0.9% 

saline with 20–40 mEq/litre of potassium chloride is the 
optimal fl uid.

 O Urine output and serum electrolytes should be monitored.
 O The stomach should be aspirated before the operation.
 O Ramstedt’s pyloromyotomy performed through a right 

upper quadrant or supraumbilical incision is curative, 
and is associated with a low morbidity.

 O The majority of these patients can be started on feeds 
about 6 hours after surgery.

 O Those who present with haematemesis from gastritis 
may benefit from delay of feeding for an additional 
6–12 hours after surgery.

 O Vomiting in the early post- operative period is thought to 
be secondary to discordant gastric peristalsis or atony.

Intussusception
This is the telescoping of a portion of the intestine into the 
lumen of an immediately adjoining part. Typically it occurs in 
a well- nourished child aged 4–12 months. The male:female 
ratio is 3:2, and it is more common in Caucasians.

The pathogenesis of intussusception is unclear. It usu-
ally originates in the ileum close to the ileocaecal junction 
and proceeds into the ascending colon. In 2–8% of cases 
there is a specifi c lead point such as a Meckel’s diverticulum, 
polyp or duplication cyst. Adenoviral infection resulting in 
lymphoid hyperplasia may act as a lead point.

Clinical presentation
 O The infant is suddenly disturbed by what appears to 

be violent abdominal pain. The pain is colicky, intermit-
tent and severe. With spasms the infant draws up the 
knees to the abdomen, screams, becomes pale and 
may sweat, and vomiting occurs soon afterwards. The 
infant may pass a normal stool, appears to recover 
immediately, and may resume normal eating habits, until 
stricken by another bout of colicky abdominal pain. The 
vomiting is initially refl ex, but with a delayed diagnosis 
becomes secondary to intestinal obstruction and is 
often bile- stained.

 O Classically, the infant passes stool that resembles 
redcurrant jelly. Many parents describe this as the pre-
senting symptom, and consequently it is often treated 
as bacillary dysentery initially.

 O The triad of pain, vomiting and blood per rectum is 
present in only one- third of patients. One in 10 infants 
with intussusception will have diarrhoea before signs 
and symptoms attributable to intussusception become 
obvious. This is often a cause for delay in diagnosis.

 O Pallor, persistent apathy and dehydration are common 
signs.

 O Abdominal examination reveals emptiness in the right 
lower quadrant and a sausage- shaped mass in the 
right hypochondrium, extending along the line of 
the transverse colon. The mass is not always easy 

to palpate, and its absence does not rule out an 
intussusception.

 O Fever and leukocytosis are common, and tachycardia 
results from episodes of colic and hypovolaemia from 
dehydration.

Investigations
 O Abdominal X- ray may show a soft tissue mass across 

the central abdomen with dilated loops of bowel.
 O Ultrasonography has become the standard non- 

invasive diagnostic test, and is very reliable. 
Doughnut (target or concentric ring) and pseudo-
kidney sign suggest a diagnosis of intussusception.

Management
The most important aspect of treatment is adequate resusci-
tation prior to intervention. This involves establishing reliable 
IV access, collecting blood for baseline investigations and 
for cross- matching, passing a nasogastric tube for decom-
pression, and giving IV fl uids and analgesia. Some patients 
may require one or more boluses of 10–20 mL/kg of albumin 
or Ringer- lactate solution when fi rst seen.

Broad- spectrum IV antibiotics such as a combination 
of cefuroxime (25–50 mg/kg 8- hourly, depending on the 
degree of infection) and metronidazole (7.5 mg/kg 8- hourly 
IV over 20 minutes) are started, and the urine output is 
monitored.

Management is initially non- surgical (i.e. with the use 
of air or barium enema). Sedation should be used for the 
procedure.

 O A surgeon and theatre should be ready when the radiolo-
gist attempts reduction. If perforation occurs, surgery 
should be performed immediately.

 O An absolute contraindication to rectal reduction is 
evidence of peritonitis, indicating the presence of a 
gangrenous intestine.

If hydrostatic reduction fails and if the patient is stable, a 
repeat reduction may be attempted. Once the intussuscep-
tion reduces, the child should be observed overnight with 
careful monitoring of fl uid and electrolytes.

If reduction fails, the child is taken for surgery, where by 
gentle manipulation (pushing and not pulling) the intussus-
ception can be reduced. The appendix may be removed, 
recorded and the parents informed. If a pathological lead 
point is found, a resection anastomosis is performed. If the 
bowel is not viable, it is resected and a primary anastomosis 
is performed. Feeds are started the day after the operation 
and increased gradually.

Intravenous antibiotics should be given for at least 
48 hours, and longer (for 7 days) if peritonitis is present.

The interval between the onset of symptoms and institu-
tion of treatment is of paramount importance, and mortality 
can be reduced if the condition is recognised and treated 
early.

Intestinal obstruction
This is the most common condition requiring emer-
gency surgery in infants and children. Most causes 
result from complications of congenital anomalies or from 
infl ammatory conditions that affect the bowel.
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Causes
 O Extrinsic causes: incarcerated hernia and vascular 

bands, intussusception, anomalies of rotation (volvulus 
and Ladd’s bands, paraduodenal and paracaecal her-
nias), post- operative adhesions.

 O Intrinsic causes: inspissation of bowel contents (meco-
nium ileus, distal intestinal obstruction syndrome in 
patients with cystic fi brosis), roundworm obstruction.

 O Peristaltic dysfunction: Hirschsprung’s disease.
 O Infl ammatory lesions: tuberculosis, Crohn’s disease.

Symptoms and signs
Patients present with cramping abdominal pain with ano-
rexia, nausea and vomiting, which progresses to become 
bile- stained. Abdominal distension occurs, with the degree 
being directly related to the site of obstruction in the gas-
trointestinal tract, such that the distension is greater the 
more distal the obstruction.

On examination, the patient may have tachycardia and 
signs of dehydration. Tenderness and hyperactive bowel 
sounds are present on abdominal examination.

Chest and abdominal fi lms are taken to confi rm the 
diagnosis of obstruction and rule out the presence of free air.

Treatment
 O The goal of treatment is to relieve obstruction before 

ischaemic bowel injury occurs.
 O Intravenous access is established and blood collected 

for baseline investigations, including a full blood count, 
urea, creatinine and electrolytes, and cross- matching.

 — Intravenous fl uids (Ringer- lactate or Hartmann’s solu-
tion with 10% glucose) are started according to the 
guidelines of 4 mL/kg/hour for the fi rst 10 kg, 2 mL/
kg/hour for the next 10 kg, and 1 mL/kg/hour for the 
next 10 kg. 

 — For example, a child weighing 22 kg would need 40 
+ 20 + 2 = 62 mL/hour.

 O Some patients may need one or more IV boluses (10–
20 mL/kg) with Ringer- lactate or Hartmann’s solution or 
albumin at the start of resuscitation.

 O A nasogastric tube is passed for decompression.
 O Give broad- spectrum IV antibiotics such as:

 — cefuroxime 50 mg/kg 8- hourly or 12- hourly in the 
neonate, and metronidazole 7.5 mg/kg 8- hourly IV or

 — benzylpenicillin 50 mg/kg 6- hourly plus gentamicin 
7 mg/kg once daily plus metronidazole 7.5 mg/kg 
8- hourly.

 O  Once the patient is adequately resuscitated and fl uid and 
electrolyte imbalances have been corrected, laparotomy 
is performed and the cause treated. Transfer to a facil-
ity where paediatric surgical and anaesthetic skills are 
available should be undertaken if the patient’s condition 
will tolerate this. Otherwise, or in the absence of such 
a facility in the country, surgery should be performed.

 O At all times adequate analgesia should be given (see 
Section 1.15).

Hirschsprung’s disease
This is characterised by an absence of ganglion cells in the 
affected intestine. The incidence is about 1 in 4400–7000 
live births; the male:female ratio is about 4:1, and in long 
segment disease it approaches 1:1. The longer the seg-
ment of aganglionosis, the higher is the familial incidence.

Associated conditions
These include Down’s syndrome (4–16%), Waardenburg 
syndrome, multiple endocrine neoplasia 2A and Von 
Recklinghausen’s disease. A higher incidence of entero-
colitis has been noted in patients with Hirschsprung’s 
disease and Down’s syndrome.

Presentation
The usual presentation is with delay of passage of meco-
nium beyond 48 hours after birth. (Around 95% of full- term 
infants pass meconium within 24 hours after birth, and 
the remainder pass it within 48 hours.) The child then has 
episodes of constipation, abdominal distension, vomiting 
and poor feeding, and fails to thrive. They may also present 
with a history of constipation with explosive diarrhoea, the 
latter indicating the development of enterocolitis.

Differential diagnosis
Hirschsprung’s disease should be considered in the dif-
ferential diagnosis of any child who has constipation dating 
back to the newborn period. However, childhood constipa-
tion related to dietary and habitual problems needs to be 
carefully ruled out in order to avoid unnecessary X- rays 
and biopsies.

Examination
On examination the child has a distended abdomen, and 
after a rectal examination there is often explosive passage 
of fl atus and faeces.

 O A plain X- ray of the abdomen may show dilated bowel 
loops with paucity of air in the location of the rectum. 
Barium enema may show the characteristic coning, 
although a simple colonic dilatation can occur in any 
chronic constipation.

 O Rectal biopsy remains the gold standard for diagnosis. 
It should be performed at least 2 cm above the anal 
valves, as the normal anus has a paucity or absence 
of ganglion cells at the level of the internal sphincter. 
Although suction rectal biopsy with acetylcholinesterase 
staining has become the accepted standard for diagno-
sis in most centres, a full- thickness rectal biopsy under 
general anaesthesia is equally useful if such facilities 
are not available.

Treatment
Enterocolitis remains the major cause of morbidity, and has 
a mortality rate of around 6–30%. It manifests clinically as 
explosive diarrhoea, abdominal distension and fever. The 
pathophysiology is not fully understood. The diagnosis is 
made on clinical grounds, and treatment is conservative, 
consisting of IV fl uids and rectal washouts to decompress 
the colon.

Surgery
The surgical treatment of Hirschsprung’s disease has 
evolved from a three- stage procedure (initial colostomy 
with multiple seromuscular biopsies, pull- through of the 
ganglionic colon as the second stage, and closure of colos-
tomy as the third stage) through a two- stage procedure 
(colostomy at the transition zone initially, and pull- through 
as a second stage) to a one- stage procedure without a 
colostomy. The essential prerequisite for a primary pull- 
through is adequate preparation with colonic washouts.
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Perforative peritonitis
The causes of perforation include amoebiasis, typhoid, 
tuberculosis, roundworm perforation and Hirschsprung’s 
disease (see Section 6).

Management starts with an adequate history and clini-
cal examination, followed by chest and abdominal X- rays. 
Adequate resuscitation should be carried out as outlined in 
the section on intestinal obstruction. After this a laparotomy 
is performed and the cause treated. Treatment includes 
fl uid resuscitation if necessary, and antibiotics (either a 
third- generation cephalosporin or an aminoglycoside plus 
metronidazole).

Further reading
Coran AG, Caldamone A, Adzick NS et al. (2012) Paediatric 

Surgery, 7th edn. St Louis, MO: Mosby Year- Book.
Holcomb III GW and Murphy JP (2012) Ashcraft’s Pediatric 

Surgery, 5th edn. Philadelphia, PA: Saunders.
Spitz L and Coran AG (2007) Rob & Smith’s Operative Surgery. 

Pediatric Surgery, 6th edn. London: Chapman & Hall.
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6.1 Bacterial infections

6.1.A Botulism

BOX 6.1.A.1 Minimal standards
 Q Consider the diagnosis.
 Q Ideally give specifi c anti- toxin.
 Q Wound care when appropriate including antibiotics.
 Q High dependency care.

Introduction
Botulism intoxication is a rare, potentially fatal (5–10%) 
paralytic illness caused by botulinum toxin. The disease is 
caused by ingestion of the anaerobic Clostridium botulinum 
bacterium, which produces toxin in the intestinal tract or 
secretes the toxin directly into a wound. Person- to- person 
transmission of botulism does not occur.

Botulism can be prevented by killing the spores by 
pressure cooking or autoclaving at 121°C (250°F) for 
3 minutes or providing conditions that prevent the spores 
from growing. Food- borne botulism results from contami-
nated foodstuffs in which C. botulinum spores have been 
allowed to germinate in anaerobic conditions. This typically 
occurs in home- canned food substances which have been 
inadequately heated and in fermented uncooked dishes. 
Given that multiple people often consume food from the 
same source, it is common for more than a single person 
to be affected simultaneously. Symptoms usually appear 
12–36 hours after eating, but can also appear within 6 hours 
to 10 days.

Wound botulism results from the contamination of a 
wound with the bacteria, which then secrete the toxin into 
the bloodstream. Wounds may not be obviously or grossly 
infected but are usually deep and contain avascular areas.

The toxin, which is absorbed from the bowel or wound 
into the blood stream, causes paralysis by blocking the 
release of acetylcholine at the neuromuscular junction.

Signs and symptoms
Muscle weakness starts in the muscles supplied by the 
cranial nerves controlling eye movements, the facial mus-
cles and the muscles controlling chewing and swallowing. 
Double vision, drooping of both eyelids, loss of facial 
expression and swallowing problems may occur, as well 
as diffi culty with talking. The weakness then spreads to 
the arms (starting in the shoulders and proceeding to the 
forearms) and legs (again from the thighs down to the feet) 
(a symmetric descending fl accid paralysis in a proximal to 
distal pattern).

Severe botulism leads to reduced power in the muscles 
of respiration. There may be hypoventilation and diffi culty 
coughing which when severe can lead to respiratory failure, 
coma from hypoxaemia and carbon dioxide retention and 

eventually death if untreated. Infants may present with 
prolonged apnoeic episodes.

Botulism can also cause disruptions to the autonomic 
nervous system. This is experienced as a dry mouth and 
throat (due to decreased production of saliva), postural 
hypotension (decreased blood pressure on standing, with 
resultant light- headedness and fainting), and eventually 
constipation (due to decreased bowel peristalsis). Some of 
the toxins (B and E) also precipitate nausea and vomiting.

The classic triad described is bulbar palsy and descend-
ing paralysis, lack of fever, and full consciousness.

Differential diagnosis
Botulism differs from other fl accid paralyses in that it always 
manifests initially with prominent cranial paralysis and its 
invariable descending progression, in its symmetry, and in 
its absence of sensory nerve damage.

In children the differential diagnosis is as follows: 
 O Guillain–Barré syndrome
 O tick paralysis
 O poisoning
 O poliomyelitis
 O psychiatric illness.

In infants it is as follows:
 O meningitis
 O electrolyte–mineral imbalance
 O Reye’s syndrome
 O rare congenital abnormalities.

Infant botulism
Infants, especially those under 6 months of age, are suscep-
tible to botulism. Infant botulism results from the ingestion 
of the C. botulinum spores, and subsequent colonisation of 
the small intestine. The composition of the intestinal micro-
fl ora (normal fl ora) in infancy is insuffi cient to competitively 
inhibit the growth of C. botulinum and levels of bile acids 
(which normally inhibit clostridial growth) are lower than 
later in life. Ingestion of honey is a recognised source of 
botulism in infants.

 O Typical symptoms of infant botulism include diminished 
suckling and crying ability (diffi culty or poor feeding and 
an altered cry).

 O Neck weakness progressing to generalised fl oppiness 
with a complete descending fl accid paralysis. 

 O Constipation. Although constipation is usually the fi rst 
symptom of infant botulism, it is commonly overlooked.

Honey is the only known dietary reservoir of C. botulinum 
spores linked to infant botulism. For this reason honey 
should not be fed to infants under 1 year of age. Other 
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cases of infant and paediatric botulism are acquired from 
spores in the soil. 

Complications
Botulism is very dangerous when affecting the respiratory 
system leading not only to respiratory failure, but also 
impaired clearing of secretions leading to pneumonia.

Laboratory confi rmation is undertaken by demonstrat-
ing the presence of toxin in serum, stool, or food, or by 
culturing C. botulinum from stool, a wound or food. 

However, laboratory testing may take hours or days. 
Initial diagnosis and appropriate treatment depend on 
clinical diagnosis through a thorough history and physical 
examination.

Diagnosis
Diagnosis is likely in resource- limited settings to be made 
on clinical grounds.

Consider diagnosing botulism if the patient’s history 
and physical examination suggest botulism. However, other 
diseases such as Guillain–Barré syndrome, poliomyelitis 
and poisoning can appear similar to botulism, and special 
tests (when available) may be needed to exclude these other 
conditions. The presence of more than one affected family 
member is strongly suggestive of botulism.

A defi nite diagnosis can be made if botulinum toxin 
is identifi ed in the food, wound or stool. Botulinum toxin 
can be detected by a variety of techniques, including 
enzyme- linked immunosorbent assays (ELISAs), electro-
chemiluminescent (ECL) tests and mouse inoculation or 
feeding trials. 

Treatment
Botulinum antitoxin (if available) should be administered as 
soon as possible. Antitoxin does not reverse paralysis, but 
arrests its progression. 

Before administration of antitoxin, skin testing should 
be performed for sensitivity to serum or antitoxin. 

After skin testing, and ensuring that treatment for 
potential anaphylaxis is immediately available (adrenaline, 
IV fl uids and bag- valve-mask), administration of one vial 
of antitoxin IV is recommended. There is no need to re- 
administer the antitoxin since the circulating antitoxins have 
a half- life of 5–8 days. 

Close monitoring of respiratory function (including 
SpO2 monitoring) is essential to detect respiratory failure. 
Physiotherapy to encourage deep breathing exercises may 
help to prevent retained secretions and pneumonia. When 
required, and available, artifi cial ventilation may be needed 
often for 2–8 weeks’ duration in severe cases. 

The treatment of children, pregnant women or immu-
nocompromised patients with botulism does not differ from 
the above approach.

Antibiotics are required to remove the bacteria in cases 
of wound botulism. Oral (or intravenous) metronidazole 
(30 mg/kg per day, given at 6- hourly intervals; maximum 
4 grams/day) is effective in decreasing the number of veg-
etative forms of C. botulinum and is the antimicrobial agent 
of choice. Penicillin V orally 25 mg/kg 6- hourly is an alterna-
tive treatment. Therapy for 10–14 days is recommended. 

Other antibiotics may be required to treat secondary 
chest infections. 

Remember that the child is fully conscious and can feel 
pain. Good nursing care is essential.

If a deep wound is thought to be responsible it should 
be treated to remove dead tissue and the source of the 
toxin- producing bacteria.

Each case of food- borne botulism is a potential public 
health emergency and it is important to identify the source 
of the outbreak and ensure that all persons who have been 
exposed to the toxin have been identifi ed, and that no 
contaminated food remains.

6.1.B Buruli ulcer

BOX 6.1.B.1 Minimum standards
 Q WHO global public health initiative.
 Q Antibiotics: rifampicin, streptomycin and clarithromycin.
 Q Surgery.
 Q Dry reagent- based polymerase chain reaction (PCR) 

assay.

Introduction
Buruli ulcer is a highly destructive ulcerating condition 
caused by Mycobacterium ulcerans, which ranks third 
among mycobacterial infections affecting immunocom-
petent humans.

Any part of the body may be affected, particularly areas 
exposed to minor trauma. Management is a combination 
of medical treatment to eradicate the infective agent and 
surgical to excise the infected tissue.

Background and epidemiology
The disease occurs in several parts of Africa, Papua New 
Guinea, the Americas, South East Asia, China and Australia. 
The organism is found in soil or stagnant water and pre-
dominantly affects children in whom infection usually occurs 
following a minor penetrating injury.

Intercurrent helminthic infections may also predispose 
to ulceration. HIV infection, and other immunodefi ciency 
states, can exacerbate Buruli ulcer and lead to severe 
complications.

Clinical features
A non- ulcerative lesion usually precedes ulceration. Four 
non- ulcerative presentations are recognised:

 O papule: painless, may be itchy, non- tender intradermal 
lesion 

 O nodule: painless fi rm lesion 1–2 cm diameter in the 
subcutaneous tissue, usually attached to the skin 
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 O plaque: painless well- demarcated elevated dry indu-
rated lesion > 2 cm in diameter

 O oedematous: diffuse extensive non- pitting swelling, 
ill- defi ned margin, fi rm, usually painful, with or without 
colour change over affected skin.

Subsequently an ulcer forms with central necrosis and often 
spreads very rapidly in all directions. 

Characteristic features 
 O Ulcer is usually painless (hence delay in healthcare- 

seeking behaviour).
 O Edge of ulcer is deeply undermined.
 O Satellite ulcers often communicate with the original ulcer 

by subcutaneous tunnels.
 O Skin between adjacent ulcers is often unattached to the 

underlying tissues. 
 O The extent of damage is always greater than it appears 

from the surface.
 O Regional adenitis and systemic symptoms are unusual 

(and if present suggest primary or secondary bacterial 
infection). 

 O Erosion of underlying tissue may involve nerves, blood 
vessels and bone (in up to 15% of cases). 

Complications
These include the following:

 O tetanus
 O osteomyelitis
 O scarring
 O ankylosis
 O contractures. 

Around 25% of patients develop long- term complications 
that may include amputation or loss of sight. 

Differential diagnosis
 O Papule: granuloma annulare, herpes, insect bites, 

leishmaniasis, acne, pityriasis, psoriasis.
 O Nodule: boil, cyst, leishmaniasis, lipoma, lymphadenitis, 

mycosis, onchocerciasis.
 O Plaque: cellulitis, haematoma, insect bites, leishmania-

sis, leprosy, mycosis, psoriasis.
 O Oedema: actinomycosis, cellulitis, elephantiasis, necro-

tising fasciitis, onchocerciasis, osteomyelitis.
 O Ulcer: cutaneous diphtheria, guinea worm, leishma-

niasis, necrotising fasciitis, neurogenic ulcer, tropical 
ulcer, tuberculosis, sickle- cell disease, squamous- cell 
carcinoma, syphilis, venous ulcer, cutaneous amoe-
biasis, yaws.

Investigations
 O Slough from ulcer usually contains numerous acid- fast 

bacilli on Ziehl–Neelsen stain (sensitivity 40%). 
 O Culture unhelpful (sensitivity 20–60%, time consuming 

(8 weeks), expensive, frequently gives false- positive 
results). 

 O Biopsy and histopathology (sensitivity is 90%).
 O Polymerase chain reaction (PCR) is increasingly used 

in diagnosis (it is rapid, only taking 2 days, and has a 
sensitivity of more than 95%). Recently, a highly sensi-
tive dry reagent- based PCR assay has been developed 
that is better suited for use in most endemic countries. 

Management
The current recommendation is for combined medical and 
surgical management.
1 Small early lesion (e.g. nodules, papules, plaques, 

ulcers < 5 cm in diameter): for papules and nodules, 
if immediate excision and suturing is possible, start 
antibiotics at least 24 hours before surgery and continue 
for 4 weeks. Otherwise, treat all lesions in this category 
with antibiotics for 8 weeks.

2 Non- ulcerative and ulcerative plaque and oedem-
atous form: large ulcerative lesions (> 5 cm in 
diameter): lesions in the head and neck region, 
particularly the face: treat with antibiotics for at least 
4 weeks, then surgery (if necessary), followed by another 
4 weeks of antibiotics.

3 Disseminated/mixed forms (e.g. osteitis, osteomy-
elitis, joint involvement): treat with antibiotics for at 
least 1 week before surgery and continue for a total of 
8 weeks.

Necrotic ulcers should be excised with care to remove all 
affected tissue by extending the margin into healthy tissue. 
Excision is followed by primary closure or split- skin grafting. 
Reconstructive surgery and physiotherapy may be required 
for patients with contractures and other permanent dis-
abilities and disfi gurements. 

Antibiotics
Antibiotic combination treatment, by reducing ulcer size, 
makes larger ulcers more amenable to surgery and grafting.

Africa
Oral rifampicin (10 mg/kg) once daily plus intramuscular 
streptomycin (15 mg/kg) once daily for 8 weeks.

Overall treatment success rate 96% when used in 
conjunction with surgery depending on size of ulcer at 
presentation.

Note: for treatment of early (less than 6 months’ dura-
tion) ulcers of limited size (< 10 cm), 4 weeks of streptomycin 
and rifampicin followed by 4 weeks of rifampicin and 
clarithromycin is as effective as 8 weeks of streptomycin 
and rifampicin. 

Australia
Oral rifampicin plus one other oral antibiotic (either clarithro-
mycin or ciprofl oxacin) for 3 months: 
1 when histology of resection margins shows either necro-

sis or acid- fast bacilli or granulomata, or 
2 when initial lesion was large enough to require grafting, 

or 
3 for complex recurrent disease.

Amikacin (IV) is recommended where surgical resection is 
necessarily incomplete. 

Recommended antibiotics and doses for children are 
as follows:

 O Rifampicin 10–20 mg/kg/day up to maximum 600 mg 
daily.

 O Clarithromycin 15–30 mg/kg/day in two divided doses 
if under 12 years, up to a maximum of 500 mg twice 
daily if over 12 years.

 O Ciprofl oxacin 20 mg/kg/day in two divided doses, up to 
a maximum of 500–750 mg twice daily. 
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Prevention and public health aspects
Long trousers and other mechanical barriers. 

BCG offers some protection. 
The Global Buruli Ulcer Initiative, launched by the WHO 

in 1998, advocates the following:
 O health education and staff training in the communities 

most affected
 O development of educational materials adapted to the 

needs of the countries
 O community- based surveillance system to increase early 

detection and referral for treatment in collaboration with 
diseases such as leprosy and Guinea worm

 O assessment of local health services and resources cur-
rently available for the diagnosis and treatment of Buruli 
ulcer in endemic areas

 O strengthening of the capacity of health systems in 
endemic areas by upgrading surgical facilities and 
improving laboratories

 O rehabilitation of those already deformed by the disease.

6.1.C Diphtheria

BOX 6.1.C.1 Minimum standards 
 Q ABC (especially airway protection).
 Q Immunisation and prophylaxis of contacts.
 Q Early parenteral antibiotics.
 Q Dexamethasone.
 Q Early antitoxin.
 Q Bed rest, close observation and ECG monitoring.
 Q Intubation/tracheostomy.

Introduction
In countries with adequate coverage of immunisation (over 
70%), diphtheria is now uncommon. Epidemics still occur 
associated with a fall in level of immunisation, as happened 
in the mid- 1980s and early 1990s in Russia and Ukraine 
and other republics of the former USSR. The disease 
affects all ages.

Epidemiology
 O When levels of immunisation are low, children are the 

major group affected. Young infants are protected by 
maternal antibody.

 O With improvement in immunisation rates, affected age 
groups shift to older children and adults. Boosters at 
school entry and school leaving are essential to provide 
adequate herd immunity.

 O Mass movement of people, for example refugees or 
army personnel, are important sources of spread in 
epidemics.

 O It is more common in autumn and winter.
 O In tropical countries, skin infection by Corynebacterium 

diphtheriae provides a reservoir that results in natural 
immunity of the carrier and subclinical spread within 
the community.

Pathogenesis
C. diphtheriae invades the upper respiratory tract. The 
incubation period is 2–4 days.

TABLE 6.1.C.1 Clinical features of diphtheria

Site Comments

Pharynx + + + Affected in over 90% of cases

Tonsil ± Yellow/white to grey/black (if haemorrhagic) thick membrane which extends beyond the tonsils and covers 
the adjacent pharyngeal wall. Bleeds when separated from underlying tissue. Pharyngeal membrane may 
extend to nares, palate or larynx. There may be distortion of soft palate, tonsils, etc. If confi ned to tonsils, 
little toxaemia

Nasal ± Serosanguinous discharge, sore nose and lip 

Little toxaemia Highly infectious

Neck Enlarged, tender cervical nodes, ‘bull neck’

Skin 0– + Any type of lesion (e.g. bites, impetigo) may be infected. May progress to ulcer with punched- out sharp 
edges. Important reservoir for transmission and natural immunisation. May result in respiratory colonisation

Other sites Conjunctiva, ear and vulva

Levels of toxaemia

0, ±,+ +, + + +

Low- grade fever (rarely > 38.9°C)

Weak, rapid pulse, limp, apathetic, restless

Rarely haemorrhagic diathesis

 O Diphtheria toxin causes necrosis and exudation in local 
tissue which results in formation of the ‘membrane’. An 
attempt at removal of the membrane causes bleeding.

 O Toxin is distributed by blood and lymphatic system 
resulting in toxaemia, and causing cardiac and neuro-
logical complications.

 O Non- toxin- producing C. diphtheriae may cause focal 
disease but not cardiac and neurological complications. 
Vaccination does not protect against this organism.
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Clinical features
Symptoms are initially due to disease of upper respiratory 
tract and associated toxaemia. Later symptoms relate to 
the level of toxin absorbed into the circulation. Cases with 
small membranes and low toxaemia recover spontaneously 
and most remain subclinical.

Diagnosis
 O Unless all children with upper respiratory symptoms, 

including croup, have an appropriate examination, 
diphtheria will be missed.

 O A portion of membrane or a swab taken from beneath it 
should be sent for Gram stain and culture. The labora-
tory should be informed of suspected diagnosis so that 
appropriate culture medium is used.

Management
See also Section 5.1.

The aim is to neutralise toxin released into blood by the 
bacillus and to kill the bacteria.

 O Admit to isolation (on ICU if possible) cared for by staff 
who are fully immunised.

 O Be prepared for intubation/tracheostomy, especially if 
laryngeal diphtheria is suspected.

 O Dexamethasone (150 microgram/kg twice daily IV or 
orally) should be given in cases of moderate to severe 
airway obstruction and when there is swelling of the 
neck until airway obstruction resolves.

 O Take great care when examining the throat or taking a 
sample of the membrane as it may precipitate complete 
airway obstruction.

 O Give intravenous or nasogastric maintenance fl uids if 
the child cannot drink.

 O Give benzylpenicillin 50 mg/kg 4- hourly IV. Change to 
procaine benzylpenicillin 25 000–50 000 units/kg IM 
once daily (must not be given IV) when toxic symp-
toms have subsided or where toxicity is slight or, if 
the child can drink, to penicillin V 12.5 mg/kg 6- hourly. 
Erythromycin 40–50 mg/kg per day in four divided doses 
(maximum 2 grams/day) IV, and orally when child can 

swallow, is an alternative. Antibiotics should be given 
for 7–10 days.

 O Antitoxin must be given as soon as possible (after 
the test dose). The dose is dependent on the severity 
of the disease rather than the site of the membrane, 
although the two usually coincide:

 — Nasal and tonsillar (mild disease): 20 000 units IM.
 — Laryngeal with symptoms (moderately severe): 
40 000 units IM or IV.

 — Nasopharyngeal (moderately severe): 60 000–
100 000 units IV depending on severity and combined 
sites/delayed diagnosis (malignant disease), also 
60 000–100 000 units IV.

 — In practice, give 60 000 units to all cases with visible 
membrane and neck swelling.

Commercially available antitoxin is extremely expensive 
but highly purifi ed. Some countries (e.g. Vietnam) make 
their own antitoxin but it is much less purifi ed than the 
Aventis Pasteur vaccine for example, and cannot be given 
intravenously.

Test dose and desensitisation
See also Section 5.1.B on anaphylaxis.

 O As antitoxin is from horse serum, a test dose with 0.1 mL 
of 1 in 1000 dilution in saline is given intradermally.

 — Positive reaction is 10 mm erythema occurring within 
20 minutes.

 — If there is no reaction, give full- dose IV/IM as 
appropriate.

 O Have adrenaline 1 in 1000 and syringe available to give 
IM if anaphylaxis occurs (10 micrograms/kg).

 O Desensitisation: (if test dose is positive) give graduated 
doses of increased strength every 20 minutes com-
mencing with:

 — 0.1 mL of 1 in 20 dilution in saline subcutaneously 
followed by 1 in 10 dilution

 — then 0.1 mL of undiluted subcutaneously, then 0.3 mL 
and 0.5 mL IM

 — then 0.1 mL undiluted IV.

TABLE 6.1.C.2 Complications of diphtheria

Complication Weeks Comments

Toxaemia 1 Related to extent of membrane and amount of toxin absorbed. May result in cardiovascular 
(CVS) collapse in fi rst 10 days. Disseminated intravascular coagulation. Survivors of severe 
toxaemia usually have further CVS and neurological complications

Myocarditis 2–3

Range 
1–6

Onset related to severity of toxaemia

Soft fi rst heart sound, apical systolic murmur

ECG: conduction abnormalities, ST-T wave changes. 

Echocardiogram: left ventricular dilation, reduced contractility, hypertrophied left ventricle, 
sometimes pericardial fl uid

Biochemistry: blood myoglobin levels elevated, elevated lactate dehydroge nase, 
elevated creatine phosphokinase
Mortality: high in early onset, severe carditis

Palatal paralysis 1 Probably due to local absorption of toxin: ‘fl uids come down nose’

Resolves in a few days

Visual accommodation 4–5 Blurring of vision, sometimes strabismus

Bulbar, heart, respiratory 
and limb nerves

6–8 Bilateral, resolve completely if patient survives
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Additional treatment
 O Give oxygen if cyanosed or SaO2 < 94%. Use nasal 

cannulae or a face mask held close to the child’s face 
by the mother. Do not use nasal or nasopharyngeal 
catheters as these can precipitate complete airway 
obstruction. Be aware that giving oxygen does not com-
pensate for hypoventilation which, if severe, will require 
intubation and cricothyroidotomy or tracheostomy (see 
Section 8.2). Note that intubation may dislodge the 
membrane, causing complete airway obstruction.

 O Bed rest and observation for 2–3 weeks at least, 
depending on severity.

 O Regular monitoring of cardiac function. Serial ECGs two 
or three times per week through the critical period from 
admission until towards the end of the second week of 
illness. Rhythm disturbances, particularly atrioventricular 
block sometimes going on to complete heart block are 
not uncommon, and are often the earliest evidence of 
cardiac involvement. 

 O With severe cardiac involvement (which often follows 
from severe local disease) the children develops a 
low- output state and may die from cardiac failure or 
arrhythmias. Poor urine output and rising creatinine are 
early indicators of poor prognosis and should be moni-
tored, together with serum potassium which should be 
kept in the normal range (see Section 9.A). Strict bed 
rest is essential for all children until the critical period for 

cardiac complications has passed (minimum of 2 weeks 
from onset). 

 — Captopril at the earliest sign of any cardiac involve-
ment may be helpful (100 micrograms/kg once daily 
as a test dose with the child supine and monitoring 
blood pressure carefully, followed by 100–200 micro-
grams/kg 8- hourly). 

 — Prednisolone 1.5 mg/kg/day for 2 weeks may be of 
value in reducing the incidence of myocarditis.

 O Nasogastric feeds if palatal or bulbar paralysis occurs. 
Bulbar problems rarely become evident until several 
weeks later, so even if children come through the phase 
of upper airway obstruction and survive the cardiac 
problems, they should remain in close contact with the 
hospital for at least 6 weeks.

 O Immunise on discharge.

Prevention
 O Maintaining immunity at all age levels in the community 

is important. Additional immunisation at school entry 
and leaving (see Section 1.17).

 O Give immunised household contacts a booster of toxoid.
 O Give all unimmunised contacts one dose of IM benza-

thine benzylpenicillin (600 000 units for children under 
5 years and 1.2 million units for those over 5 years). This 
drug must not be given IV. Immunise and check daily 
for signs of diphtheria.

6.1.D Leprosy

BOX 6.1.D.1 Minimum standards 
 Q Public health measures.
 Q Clinical awareness.
 Q Multi- drug treatment (MDT) with rifampicin, dapsone 

and clofazimine.
 Q Protective footwear,
 Q Support and counselling.
 Q Reconstructive surgery.

Introduction
A campaign to eliminate leprosy below a prevalence of 1 
in 10 000 greatly reduced total numbers, but new cases, 
especially in India and Brazil, are still being detected in 
worryingly large numbers. It remains the prototype of a dis-
fi guring skin disease. It is caused by Mycobacterium leprae, 
an organism that invokes an immunological response in 
the skin and especially focusing on superfi cial cutaneous 
nerves, resulting in anaesthesia and paralysis of hand, 
foot and facial muscles. There is a range of disease from 
an effective immune response with few surviving bacteria 
termed paucibacillary leprosy, to a poor immune response 
with very large numbers of bacteria termed multibacillary 
leprosy. Unfortunately, the present public health picture of 
leprosy is that the majority of new cases are multibacillary 
and the percentage of children affected is greater than 
before. The incubation period is very long (up to 8–10 years) 
and disability is often present by the time it is diagnosed.

In countries where the prevalence is low, leprosy may 
be forgotten and those trained to recognise it disbanded. 

The expectation is that general health services will oversee 
the patient as he or she moves from an anxious family to 
a traditional health practitioner to a health centre. The lat-
ter will be overwhelmed by common skin disease such as 
impetigo, cutaneous fungus disease and scabies, and cur-
rent policy is to train all health workers in health centres to 
manage these correctly and thereby increase the likelihood 
of detection and better management of rarer diseases such 
as leprosy. Conditions not diagnosed or not responding 
should be guided through an effective referral system to 
greater expertise.

The global registered prevalence of leprosy at the begin-
ning of 2009 stood at 213 036 cases, while the number of 
new cases detected during 2008 was 249 007. The number 
of new cases detected globally has fallen by 9126 (a 4% 
decrease) during 2008 compared with 2007. 

Pockets of high endemicity still remain in some areas 
of Angola, Brazil, Central African Republic, Democratic 
Republic of Congo, India, Madagascar, Mozambique, 
Nepal, and the United Republic of Tanzania. 

Diagnosis
At one end of the clinical spectrum of leprosy is an early 
single lesion with very few bacilli which may resolve spon-
taneously and certainly responds well and quickly to 
antibiotics. It is hypopigmented, fl at and insensitive to light 
touch, pinprick and hot and cold. 

The spectrum passes through an increasing number of 
such lesions that are unlikely to resolve spontaneously, and 
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increasingly, over a period of years, infi ltration and swelling 
which is often nodular, from asymmetry to symmetry, to 
greater numbers of bacilli, to eventual widespread infi ltra-
tion of the skin. The bacteria are shed into the environment 
from the nose and wounds.

Early diagnosis requires a full examination of all the skin, 
tests of any suspicious lesion for numbness, and a biopsy 
of infi ltrated lesions, especially nodules, the presence of a 
granuloma alerting to the need for bacterial stains. 

Cutaneous nerves, ulnar, radial, posterior cervical, 
lateral popliteal and muscular cutaneous on the dorsum 
of the foot must be palpated for thickening. Early signs 
include fl exion of the fourth and fi fth fi nger, dropped foot, 
and reduction in blinking.

Differential diagnosis
Vitiligo is totally de- pigmented, whiter than leprosy and 
usually symmetrical. There is no sensory loss. It is long 
lasting.

Pityriasis alba is very common, mild, dry eczema, usu-
ally symmetrical on both cheeks and the extensor surface 
of both limbs. It varies over days or weeks and responds 
to moisturising ointments or hydrocortisone.

Pityriasis versicolor is a common infection of the skin 
from Malassezia furfur producing depigmentation and fi ne 
scaling especially of the upper trunk. The organism and the 
slight infl ammation it causes accounts for a dull red to brown 
discolouration of white skin. Pigmented skin loses pigment 
due to exfoliation. It responds to selenium sulphide sham-
poo, Whitfi elds (benzoic acid and salicylic acid) ointment or 
ketoconazole, plus sun exposure for rapid re- pigmentation.

Post- inflammatory depigmentation is preceded 
by undisputed injury such as a burn, chickenpox, fungal 
infection or psoriasis. There may be loss of normal skin 
texture as in a scar.

Reactions
Reactions are immunological responses to Mycobacterium 
leprae or its antigen. There are two types.

Erythema nodosum- like with multiple tender, sym-
metrical red lumps anywhere in the skin due to immune 
complexes and accompanied by fever and malaise. It often 
responds to rest and non- steroidal anti- infl ammatory drugs 
but persistent reactions will need oral steroids. There is 
usually a history of prior diagnosis of leprosy.

The other type of reaction is focused on a previous 
plaque or infected nerve. There is redness, swelling and 
tenderness. It is destructive of nerves. An early prescription 
of an initially high dose of prednisolone is necessary (1 mg/
kg/day). Complete withdrawal of steroids should only occur 
after several weeks if nerve destruction is to be avoided

Treatment
Multidrug therapy cures leprosy. Multidrug therapy should 
be given under supervision by experts able to provide full 
advice on the preventive management of disability, who 

may confi rm the diseases by skin smears or biopsies and 
can manage reactions. Standard drug therapy is available 
free from government programmes for the elimination of 
leprosy. WHO guidelines for multidrug therapy include a 
single dose for a single lesion, or two drugs for lesions 
which contain more than one bacteria. A daily regimen for 
1 year of three drugs is necessary for more widespread 
multibacillary disease. Lepromatous leprosy is subject to 
reaction even after 1 year of therapy and patients must be 
educated to return for diagnosis and appropriate therapy 
promptly. Relapse after completion of therapy is uncommon 
but well documented.

WHO- recommended treatment for 
paucibacillary leprosy in children 
(10–14 years)
Once a month: On day 1, two capsules of rifampicin 
(300 mg + 150 mg) plus one tablet of dapsone (50 mg).

Once a day: On days 2–28, one tablet of dapsone 
(50 mg).

Full course: six blister packs over 6 months.
For children younger than 10 years, the dose must be 

adjusted according to body weight.

WHO recommended treatment for 
multibacillary leprosy in children 
(10–14 years)
Once a month: On day 1, two capsules of rifampicin 
(300 mg + 150 mg) plus three capsules of clofazimine (50 mg 
× 3) plus one tablet of dapsone (50 mg).

Once a day: On days 2–28, one capsule of clofazi-
mine every other day (50 mg), plus one tablet of dapsone 
(50 mg) daily.

Full course: 12 blister packs over 12 months.
For children younger than 10 years, the dose must be 

adjusted according to body weight.
Children may be more troubled by the haemolytic 

side effect of dapsone, and are less tolerant to rifampicin. 
New drug regimens include ofl oxacin, minocycline and 
clarithromycin. Several experimental and clinical studies 
have demonstrated that these drugs either alone or in 
combination with other anti- leprosy drugs have signifi cant 
bactericidal activity. Patients presenting with single skin 
lesion paucibacillary leprosy can be treated with only one 
dose containing rifampicin 20 mg/kg, ofl oxacin 15 mg/kg 
and minocycline 100 mg (only for children over 12 years). 

Multibacillary leprosy patients who do not accept clofa-
zimine can be treated with this combination given monthly 
for 24 months.

There is still a fear of the stigma of leprosy. The emphasis 
of therapy is that it is a cure and rapidly renders the patient 
non- infectious.

Support and counselling is necessary for the patient 
along with education for family and community, or else the 
cured patient may still not be acceptable to either family 
or community.
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6.1.E Leptospirosis

BOX 6.1.E.1 Minimum standards
 Q Recognition and treatment of shock.
 Q Antibiotics: amoxicillin, penicillin (parenteral for severe 

disease), doxycycline.
 Q Public health measures.

Introduction
Leptospirosis is a zoonotic disease caused by Leptospira 
species with a worldwide distribution. It is endemic in the 
tropics and its incidence in these countries appears to be 
increasing. The possible reasons include an increase in 
the rat population and seasonal fl ooding. Transmission 
to humans is from infected animal urine. The onset is 
usually abrupt. It is an acute febrile disease with varied 
manifestations characterised by vasculitis. The severity of 
disease ranges from asymptomatic or subclinical to self- 
limited systemic illness (approximately 90% of patients) 
to life- threatening illness with jaundice, renal failure, and 
hemorrhagic pneumonitis. The clinical course is usually 
biphasic and with multisystemic involvement. The initial 
(septicaemic) phase lasts 4–7 days, the second (immune) 
phase 4–30 days. It can be lethal in the acute period, and 
is similar to diseases such as dengue, malaria, hepatitis 
and viral illnesses.

Risk factors for infection include occupational exposure 
(farmers, ranchers, abattoir workers, veterinarians, loggers, 
sewer workers, rice fi eld workers, laboratory workers), 
recreational activities (fresh water swimming, canoeing, 
trail biking), household exposure (pet dogs, domesticated 
livestock, rainwater catchment systems, and infestation 
by infected rodents), and skin lesions (contact with wild 
rodents).

History and examination
 O Enquire about headache, fever, abdominal pain, breath-

ing diffi culties and cough, diuresis, bleeding, diarrhoea 
or vomiting.

 O Assess vital signs (blood pressure, pulse, respiratory 
rate), ‘alarm signs’, blood film for malaria parasite. 
Consider dengue fever.

 O Watch out for ‘alarm signs’ of leptospirosis: abdominal 
pain, respiratory distress, jaundice, bleeding and oliguria.

Clinical manifestations
Leptospirosis is associated with a variable clinical course. 
The disease may manifest as a subclinical illness followed by 
seroconversion, a self- limited systemic infection, or a severe, 
potentially fatal illness accompanied by multiorgan failure. 
Physical examination is often unrevealing. An important 
but frequently overlooked sign is conjunctival suffusion.

Below are common clinical manifestations:
 O General symptoms: headache, myalgia, vomiting and 

anorexia, arthralgia, macular rash.
 O Central nervous system: CSF pleocytosis and elevated 

protein, meningism, neurological symptoms.
 O Renal system: pyuria, haematuria, proteinuria, oliguria/

anuria, dysuria, back pain.
 O Gastrointestinal system: abdominal pain, diarrhoea, 

constipation, abnormal liver function tests, hepatomeg-
aly, jaundice, gastrointestinal bleeding.

 O Respiratory system: cough, pharyngitis, otitis media, 
chest pain, pneumonitis, pulmonary oedema and 
haemoptysis.

 O Cardiac system: arrhythmias, conduction and other 
ECG abnormalities.

 O Haematology: blood clotting disorder, petechiae, 
bruises, epistaxis, thrombocytopenia, lymphadenopa-
thy, splenomegaly.

 O Eyes: conjunctival bleeding, photophobia, retro- orbital 
pain, uveitis, papilloedema.

Classifi cation
 O Mild disease: headache, fever, myalgia, no evidence 

of bleeding.
 O Moderate disease: headache, fever, myalgia, abdomi-

nal pain and jaundice.
 O Severe disease: Weil’s disease or icterohaemor-

rhagic fever: shock, abdominal pain, respiratory failure, 
pulmonary haemorrhage, acute renal failure, altered 
consciousness and bleeding.

Diagnosis
1 Clinical: Features that are signifi cantly associated with 

leptospirosis include:
 O conjunctival suffusion
 O haemorrhage
 O abdominal pain
 O hepatosplenomegaly
 O oedema.

2 Laboratory:
 O Cultures: blood culture in initial phase and urine 

in the second phase. Blood (50% yield) and CSF 
specimens are positive during the fi rst 10 days of 
the illness. Urine cultures become positive during 
the second week of the illness.

 O Serology: Serological tests (microscopic aggluti-
nation test (MAT), macroscopic agglutination test, 
indirect haemagglutination, and enzyme linked immu-
nosorbant assay – ELISA) are most often used for 
confi rmation. 

 — The gold standard is considered to be the MAT. 
However, this test is cumbersome which requires 
live organisms, considerable expertise, and is 
performed only by reference laboratories. MAT 
is most specifi c when a fourfold or greater rise 
in titre is detected between acute and convales-
cent serum specimens. However, a single titre of 
> 1:800 is strong evidence of current or recent 
infection with leptospira. 

 — Rapid diagnosis with specifi c IgM (ELISA) can be 
made by two commercially available rapid tests, 
the microplate IgM ELISA and an IgM dot- ELISA 
dipstick test. If one of these assays is positive, 
sera for MAT can be sent to a reference laboratory.

 — Newer tests: Polymerase chain reaction (PCR), 
not widely available, but shows considerable 
promise for a quick, accurate diagnosis.
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 O Routine labs: white blood cell (WBC) counts may 
range between 3000 and 26 000/microlitre; throm-
bocytopenia, raised serum bilirubin, hyponatremia, 
proteinuria, pyuria, microscopic haematuria, elevated 
creatine kinase and minimal to moderate elevations 
of hepatic transaminases may be seen. 

3 X- rays: chest radiographs may show small nodular 
densities, confl uent consolidation or a ground- glass 
appearance.

Differential diagnosis 
Malaria, dengue fever, scrub typhus, acute viral illnesses 
including influenza, other rickettsial disease, typhoid 
fever and rare causes such as ehrlichiosis and hantavirus 
infections.

Complications
These include renal failure, uveitis, haemorrhage, acute 
respiratory distress syndrome, myocarditis and rhabdo-
myolysis. Vasculitis with necrosis of extremities may be 
seen in severe cases. Severe leptospirosis may require ICU 
admission. Multi- organ failure in 75% and mortality in over 
50% of these patients may be seen.

Management
The majority of Leptospira infections are self- limiting. Many 
antibiotics have antileptospiral activity, and if the illness is 
severe and the diagnosis is recognised, antibiotic therapy 
should be given.

Mild disease:
 O Discharge home with advice about hydration and ‘alarm 

signs’.
 O Antibiotics:

 — Children under 10 years of age: amoxicillin 15 mg/kg 
three times daily for 7 days or, if allergic, erythromycin 
10–15 mg/kg/day three times daily for 7 days.

 — Children over 10 years: doxycycline 100 mg twice 
daily for 7 days.

Moderate disease:
 O Observe for 48 hours, monitor vital signs 4- hourly.

 O If abdominal pain and respiratory distress settle, 
discharge.

 O Antibiotics: benzylpenicillin 25–50 mg/kg IV 6- hourly 
for 3 days, then change to oral penicillin. Amoxicillin is 
an alternative.

Severe disease:
 O Give oxygen as required, IV fl uids (see Section 5.5), and 

pass a nasogastric tube.
 O Keep an accurate fl uid- balance chart.
 O Pulmonary haemorrhage may require assisted ventila-

tion with PEEP.
 O Pulmonary oedema: treat with fl uid restriction, oxygen 

and diuretics.
 O Management of disseminated intravascular coagulation, 

renal failure and myocarditis.
 O Antibiotics: Intravenous therapy with benzylpenicillin 

(250 000 to 400 000 units/kg/day in four to six divided 
doses; maximum dose 6 million units daily: note 600 mg 
= 1 million units), or doxycycline (4 mg/kg/day in two 
equally divided doses; maximum dose 200 mg daily), 
or ceftriaxone (80–100 mg/kg once daily; maximum 
dose 4 grams daily), or cefotaxime (150–200 mg/kg/
day in three to four equally divided doses; maximum 
dose 12 grams daily). Doxycycline should be avoided 
in children less than 8 years of age.

 O For children less than 8 years of age with severe penicillin 
allergy, therapy with oral azithromycin (10 mg/kg once 
on day 1, maximum dose 500 mg/day, followed by 
5 mg/kg/day once daily on subsequent days, maximum 
dose 250 mg/day) or oral clarithromycin (15 mg/kg/day 
divided into two equal doses, maximum dose 1 gram/
day) may be given.

 O The duration of treatment is usually 5–7 days.

Prevention
Vaccination of domestic animals against leptospirosis 
provides substantial protection. The major control measure 
is to avoid potential sources of infection such as stagnant 
water, water derived from run-off from animal farms, rodent 
control, and protection of food from animal contamination. 

Currently no vaccine is available for human immunisa-
tion, but doxycycline prophylaxis during period of exposure 
has been shown to be protective.

6.1.F Lyme disease

BOX 6.1.F.1 Minimum standards
Antibiotics: doxycycline, amoxicillin and ceftriaxone.

Introduction 
This disease is caused by the bacterium Borrelia. Borrelia 
burgdorferi is the main cause in North America, whereas 
Borrelia afzelii and Borrelia garinii cause most European 
cases. The prevalence of Lyme disease in sub- Saharan 
Africa is presently unknown, but cases have been reported. 
The abundance of hosts and tick vectors would support 
the presence of this infection in Africa where it is probably 
grossly under- diagnosed.

Transmission
Lyme disease is transmitted to humans from a natural 
reservoir among rodents by ticks that feed on both rodents 
and other animals, such as deer.

Tick bites often go unnoticed because of the small size 
of the tick in its nymphal stage, as well as tick secretions 
that prevent the host from feeling any itch or pain from the 
bite. However, transmission is quite rare, with only about 
1% of recognised tick bites resulting in Lyme disease. This 
may be because an infected tick must be attached for at 
least a day for transmission to occur.

Days to weeks following the tick bite, the spirochetes 
spread via the bloodstream to joints, heart, nervous system, 



649

Section 6.1

and distant skin sites, where their presence gives rise to the 
variety of symptoms of disseminated disease. 

If untreated, the bacteria may persist in the body for 
months or even years, despite the production of antibodies 
against Borrelia by the immune system. 

Diagnosis
Lyme disease is diagnosed clinically based on symptoms, 
objective physical fi ndings (such as erythema migrans (EM), 
facial palsy or arthritis) or a history of possible exposure to 
infected ticks, as well as serological blood tests. The EM 
rash is not always a bull’s-eye (see below) (i.e. it can be red 
all the way across). When making a diagnosis of Lyme dis-
ease, healthcare providers should consider other diseases 
that may cause similar illness. Not all patients infected with 
Lyme disease will develop the characteristic bull’s-eye rash, 
and many may not recall a tick bite.

Signs and symptoms
Many of the symptoms are not specifi c to Lyme disease. 

The incubation period from tick bite to the onset of 
symptoms is usually 1–2 weeks, but can be much shorter 
(days), or much longer (months). 

Early localised infection
The classic sign of early local infection with Lyme disease 
is a circular, outwardly expanding rash called erythema 
chronicum migrans (also erythema migrans or EM), which 
occurs at the site of the tick bite 3–30 days after the bite. 
The rash is red, and may be warm, but is generally pain-
less. Classically, the innermost portion remains dark red 
and becomes thicker and fi rmer; the outer edge remains 
red; and the portion in between clears, giving the appear-
ance of a bull’s-eye. EM is thought to occur in about 80% 
of infected patients. Patients can also experience fl u- like 
symptoms, such as headache, muscle soreness, fever, and 
malaise. Lyme disease can progress to later stages even 
in patients who do not develop a rash. 

Early disseminated infection
Within days to weeks after the onset of local infection, the 
Borrelia bacteria begin to spread through the bloodstream. 
EM may develop at sites across the body that bear no 
relation to the original tick bite. Other discrete symptoms 
include migrating pain in muscles, joints, and tendons, and 
heart palpitations and dizziness.

Various acute neurological problems appear in 10–15% 
of untreated patients. These include facial palsy, arthritis 
and meningitis. Radiculoneuritis causes shooting pains that 
may interfere with sleep, as well as abnormal skin sensa-
tions. Mild encephalitis may lead to memory loss, sleep 
disturbances, or mood changes. 

The disease may also have cardiac manifestations 
including cardiac arrhythmias.

Late disseminated infection 
After several months, untreated or inadequately treated 
patients may go on to develop severe and chronic symptoms 
that affect many parts of the body, including the brain, nerves, 
eyes, joints and heart. Many disabling symptoms can occur. 

Chronic encephalomyelitis, which may be progressive, 
can involve cognitive impairment, weakness in the legs, 
awkward gait, facial palsy, bladder problems, vertigo, and 
back pain. In rare cases untreated Lyme disease may 
cause frank psychosis, which has been misdiagnosed 
as schizophrenia or bipolar disorder. Panic attacks and 
anxiety can occur; there may also be delusional behaviour, 
including somatoform delusions, sometimes accompanied 
by a depersonalisation or derealisation syndrome, where 
the patients begin to feel detached from themselves or 
from reality. 

Lyme arthritis usually affects the knees. 

Treatment
In most cases, the infection and its symptoms are elimi-
nated by antibiotics, especially if the illness is treated early. 
Delayed or inadequate treatment can lead to the more seri-
ous symptoms, which can be disabling and diffi cult to treat. 

The antibiotics of choice for early infections are given 
orally for 10–28 days: 
1 In children over 8 years: doxycycline, 4 mg/kg/day in 

two divided doses (maximum of 100 mg per dose). 
2 In younger children (less than 8 years): amoxicillin 50 mg/

kg/day in three divided doses. Doxycycline should not be 
given in pregnancy, instead use amoxicillin 250–500 mg 
three times daily for pregnant girls. If early infection is 
severe, ceftriaxone 50 mg/kg IV/IM once daily can be 
given at any age. 

Late- diagnosed chronic Lyme disease is treated with oral or 
intravenous antibiotics for a minimum of 4 weeks, frequently 
ceftriaxone 50–75 mg/kg once a day IV. 

6.1.G Meningococcal disease

BOX 6.1.G.1 Minimum standards
 Q Early parenteral antibiotics.
 Q Treatment of shock.
 Q Neurological assessment and cerebral protection.
 Q Frequent reassessment of clinical status.
 Q Electrolyte monitoring and replacement.
 Q Replacement of platelets, clotting factors and red cells.
 Q Follow public health procedures.

Introduction
Meningococcal disease is caused by Neisseria meningitidis, 
a Gram- negative diplococcus which is a commensal of the 
human nasopharynx. Endemic meningococcal disease 
primarily affects children under 5 years old. Some areas, 
in particular the meningitis belt in sub- Saharan Africa, suf-
fer from epidemics of meningococcal disease. Temperate 
climates usually experience an increase in disease during 
winter months, whereas in sub- Saharan Africa, conditions 
during the dry season cause a sharp rise in incidence.
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Predominant disease- causing organisms are sero-
groups A, B and C and W135, with other serogroups 
generally only causing infection in specifi c patient groups 
(e.g. complement deficiency and the immunocompro-
mised). Serogroup A is associated with epidemic disease 
in the meningitis belt of Africa, Middle East and southern 
Mediterranean regions, and less commonly in other devel-
oping countries. Serogroups B and C are largely responsible 
for endemic disease in temperate countries, although 
serogroup C is now less common in countries where the 
serogroup C vaccine has been widely introduced.

TABLE 6.1.G.1 Signs and symptoms of meningococcal meningitis 
and septicaemia

Meningococcal meningitis Meningococcal septicaemia

Symptoms
Fever

Headache

Nausea and vomiting

Rash

Drowsiness or irritability

Neck and back pain, and 
stiffness

Convulsions

Symptoms
Fever

Petechial/purpuric rash

Shivering/rigors

Malaise and lethargy/
confusion

Headache

Nausea and vomiting

Limb and joint pain

Absence of neck stiffness

Collapse
Signs
Fever

Non- blanching rash

Neck stiffness/positive 
Kernig’s sign/opisthotonus

Decreased conscious level

Signs
Fever

Petechial/purpuric rash

Shock:

Tachycardia

Low pulse volume

Cool peripheries

Capillary refi ll time 
> 3 seconds

Hypotension (late sign)

Urine output reduced (< 1 mL/
kg/hour)

Tachypnoea

Hypoxaemia

Decreased conscious level

Infants
Signs of meningitis may 
be non- specifi c with neck 
stiffness frequently absent.

Bulging fontanelle may be 
present.

Suspect meningitis in any 
febrile infant, especially where 
there is marked irritability, 
vomiting and poor feeding

Both meningitis and 
septicaemia can coexist in 
the same child.

Clinical features
In general, meningococcal disease presents either as 
meningitis or as meningococcal septicaemia, although 
many patients present with a mixed picture. In developed 
countries, the majority of cases may present with septicae-
mia and frequently with shock, whereas in African serogroup 
A epidemics, meningitis is the commonest presentation.

Meningococcal disease should be suspected in any 
patient who presents with a non- blanching (petechial or 
purpuric) rash. However, 13% of cases may present with 
a maculopapular rash and 7% may have no rash. Severity 
of rash does not correlate with severity of disease.

Life- threatening features of meningococcal 
disease

 O Shock: particularly uncompensated shock (hypoten-
sion and tachycardia). Shock causes the majority of 
deaths due to meningococcal disease and is a medical 
emergency.

 O Raised intracranial pressure:
 — Decreased conscious level (Glasgow Coma Scale 
score or Modifi ed Children’s Coma Score < 8 or 
deteriorating).

 — Focal neurological abnormalities, especially false 
localising signs (e.g. pupillary dilatation). 

 — Abnormal postures (decorticate or decerebrate). 
 — Convulsions.
 — Rising blood pressure with falling pulse rate.

CSF features consistent with meningococcal 
meningitis

 O Turbid or purulent (may be clear or blood stained), 
white blood cell count > 500 cells/mm3 (< 3 cells/mm3 
in normal CSF).

 O Protein usually > 0.8 grams/litre (< 0.6 grams/litre in 
normal CSF).

 O Glucose reduced compared with blood glucose 
concentration.

 O Gram- negative diplococci (intra-  or extracellular) in 72% 
of previously untreated cases.

When not to perform a lumbar puncture
Lumbar puncture may precipitate coning if there is signifi -
cantly raised intracranial pressure. In septicaemia, lumbar 
puncture is unlikely to be helpful and may cause rapid 
deterioration in an unstable child.

Contraindications to lumbar puncture: suspected 
critically raised intracranial pressure

 O Glasgow Coma Scale score/Modifi ed Children’s Coma 
Score < 8 (or if child is unresponsive to pain).

 O Focal neurological signs, including pupillary abnormalities.
 O Unexplained hypertension/bradycardia.
 O Shock (see below).
 O Signifi cant clotting disorder or low platelet count (50 × 

109/litre) is present.

Management of meningococcal 
disease 
See Section 5.16.B for a discussion of isolated meningo-
coccal meningitis.

Principles
In suspected cases, give an injection of benzylpenicillin 
before transfer of child to hospital. Recommended doses 
of benzylpenicillin by age group are as follows:

 O < 1 year: 300 mg 
 O 1–10 years: 600 mg 
 O > 10 years: 1.2 grams.

On admission, early antimicrobial therapy should be given, 
such as benzylpenicillin with chloramphenicol (for dose 
and alternatives, see Table 6.1.G.3). Ideally this should 
be given intravenously, but if this is not possible it can be 
given intramuscularly.

Close monitoring and aggressive supportive therapy 
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are needed if features of shock or raised intracranial pres-
sure develop.

Never delay antimicrobial therapy if facilities are not 
available for immediate lumbar puncture or blood culture.

The most appropriate available antibiotic should 
be used. In general, intravenous benzylpenicillin with 
intravenous chloramphenicol are the drugs of choice where 
meningococcal disease is the most likely diagnosis. Where 
the diagnosis is uncertain, or where there is a high preva-
lence of penicillin resistant meningococci, broad- spectrum 
antibiotics should be used (see Table 6.1.G.3), ideally 
including a third- generation cephalosporin. 

Do not delay administration if cefotaxime or ceftriaxone 
are unavailable (use benzylpenicillin, ampicillin or chloram-
phenicol instead for the initial dose).

The risk of transmission disappears after 24–48 hours 
of antibiotic therapy. Isolation is not essential, but staff 
should maintain good hygienic practice and wear masks 
and gloves during invasive procedures such as intubation, 
airway and mouth care, and line insertion.

Parenteral antibiotic treatment should be given for 
7–14 days if the diagnosis of meningococcal disease is 
certain. Once culture and sensitivity results are available, 
treatment should be modifi ed appropriately.

TABLE 6.1.G.3 Antibiotic doses in meningococcal disease

Antibiotic Route Dose and frequency

Ampicillin IV 400 mg/kg/24 hours in four divided doses (maximum single dose 3 grams)

Benzylpenicillin IV 300 mg/kg/24 hours in six divided doses (maximum single dose 2.4 grams)

Cefotaxime IV 200 mg/kg/24 hours in four divided doses (maximum single dose 4 grams)

Ceftriaxone IV/IM 80 mg/kg/24 hours once daily (maximum single dose 4 grams)

Chloramphenicol IV 100 mg/kg/24 hours in four divided doses*

Oral 100 mg/kg/24 hours in four divided doses†

* Chloramphenicol should be used with caution in infants less than 3 months of age. Monitoring of serum levels is recommended, and 
lower doses with wider dosage intervals may be required. 
† Oral chloramphenicol is usually used only following 3–4 days of parenteral antibiotics. Although not recommended for children less 
than 3 months of age or in malnourished children, the evidence for harmful effects is slight.

Important notes
 O Early recognition of life- threatening disease (shock and 

raised intracranial pressure) is vitally important. There is 
a very high risk of death if patients are not resuscitated 
aggressively at presentation.

 O Assess airway patency, breathing and circulation (ABC) 
and examine for signs of shock and raised intracranial 

pressure (see above). Management regimens differ for 
different presentations: shock; raised intracranial pres-
sure; meningitis uncomplicated by either shock or raised 
intracranial pressure.

 O Many children present with a mixed picture and may 
require treatment of shock as well as management of 
neurological complications.

TABLE 6.1.G.2 Investigations in meningococcal disease

Investigations Comment

Microbiology Lumbar puncture† For Gram stain and culture

(remember contraindications for performing lumbar puncture)

Throat swab Culture*

Blood culture Gold standard diagnostic test for septicaemia, positive in 30% or more of 
previously untreated cases

Special microbiology: 
advanced methods

Meningococcal serology: CSF 
or blood. Meningococcal PCR

Acute and convalescent blood samples required

Haematology Full blood count Low haemoglobin

In early septicaemia or in lone meningitis usually high neutrophil count. 
Low white cell count with neutropenia in severe septicaemia. Low platelet 
count (< 50 × 109/litre) in disseminated intravascular coagulation

Coagulation screen Prolonged PT, KCTT and TT

Raised fi brin degradation products

Biochemistry Urea, creatinine, electrolytes 
including calcium, magnesium, 
phosphate 

Hypokalaemia

Hypocalcaemia

Hypophosphataemia

Metabolic acidosis

Raised urea and creatinine (if severe, suspect pre- renal failure)

* Meningococci should be cultured on Mueller–Hinton or chocolate agar to identify and serogroup with antibiotic sensitivities.
† Where laboratory facilities are scarce, diagnosis of meningitis is made on CSF alone: appearance, cell count, glucose sticks, Albustix.
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 O Meningococcal disease is often progressive and patients 
may continue to deteriorate after antibiotic and sup-
portive therapy have been initiated. All suspected cases 
should be closely monitored for cardiovascular and 
neurological deterioration for at least 24 hours.

 O Management of children with severe shock or raised 
intracranial pressure who do not respond fully to initial 
resuscitation is complex. Every effort should be made 
to admit these patients to an appropriate intensive- care 
facility.

Shock 
This is a medical emergency (see also Section 5.5.A 
and 5.5.C)

 O Assess ABC and give high- fl ow oxygen. 
 O Check blood glucose levels (e.g. using BM Stix).
 O Obtain intravenous or intra- osseous access.
 O Take blood for culture, full blood count, grouping and 

cross- matching, coagulation screen, and urea and 
electrolytes. 

 O Commence appropriate intravenous antibiotics.
 O Do not perform a lumbar puncture.
 O Commence fl uid resuscitation immediately using 20 mL/

kg of crystalloid or colloid given as fast as possible. 
Reassess and use further fl uid boluses of 20 mL/kg 
if signs of shock persist. Use either Ringer- lactate or 
Hartmann’s solution (or 0.9% saline if neither of these 
are available) or other non- glucose- containing crystal-
loid or a colloid such as 4.5% human serum albumin.

 O Blood products such as packed cells, plasma and plate-
lets may be required. Arrange for supplies if available.

 O Patients who remain shocked after 40 mL/kg colloid/
crystalloid will probably benefi t from inotropic support 
(e.g. dopamine 10–20 micrograms/kg/minute IV by 
peripheral intravenous cannula).

 O Shocked patients are at signifi cant risk of developing 
pulmonary oedema as fl uid therapy increases. Ideal 
therapy is mechanical ventilation for patients who require 
more than 40 mL/kg fl uids. 

 — In resource- limited countries, where facilities for 
mechanical ventilation are unavailable, further fl uid 
boluses should be undertaken cautiously with 
repeated boluses of 5–10 mL/kg of crystalloid, col-
loid or blood products as appropriate. 

 — If pulmonary oedema develops (with tachypnoea, 
hypoxia, cough and fine crackles, raised jugular 
venous pressure and hepatomegaly) further fl uid 
administration should be withheld until the patient 
stabilises. Inotropic support, as described above, 
may be of benefi t.

 O Full neurological and cardiovascular assessment 
with regular (at least hourly) assessment of: pupillary 
responses, conscious level, pulse, blood pressure, capil-
lary refi ll time, respiratory rate and effort, pulse oximetry 
(if available) and temperature.

 O Regular (ideally 4- hourly initially) monitoring of electro-
lytes (sodium, potassium, calcium and magnesium, 
phosphate, urea and/or creatinine) and glucose and 
replacement of defi cits. 

 O Blood gases should be undertaken to detect 
metabol ic acidosis from shock or respiratory aci-
dosis due to ventilatory insuffi ciency.

 — Severe metabolic acidosis (pH < 7.0), which does 
not respond to fl uid therapy, may require cautious 
sodium bicarbonate correction (1 mEq/kg slowly IV). 

 — Regular blood gas monitoring is essential for venti-
lated patients.

 O Monitor full blood count and coagulation regularly if 
initially abnormal. 

 — Blood or packed cell transfusion should aim to main-
tain haemoglobin levels around 7–10 g/dL in the early 
phases of shock. 

 — Platelets and coagulation factors (usually fresh frozen 
plasma and cryoprecipitate) should be replaced as 
required in order to control bleeding.

 O Hydration will usually be via the intravenous route, but 
nasogastric feeding is appropriate if tolerated. 

 — Urine output should be monitored (by an indwelling 
catheter if the conscious level is depressed). Insert a 
nasogastric tube for gastric drainage if there is per-
sistent vomiting or if the conscious level is decreased.

Suspected raised intracranial pressure
This is a medical emergency.
Actions

 O Assess ABCD, give high- fl ow oxygen (10 litres/minute), 
and obtain intravenous or intra- osseous access.

 O Treat shock (see above), if present. 
 — Exercise caution with fl uid therapy as there is a confl ict 
of need between raised intracranial pressure (RICP) 
and shock. The former requires less fl uid, and the 
latter needs more.

 O Do not perform a lumbar puncture.
 O Give mannitol 250–500 mg/kg IV (this should be 

repeated if signs of raised intracranial pressure persist, 
up to a maximum total dose of 2 grams/kg or if available 
a serum osmolality up to 325 mOsm/litre). 

 — Hypertonic saline may be used as an alternative (e.g. 
3% saline 3 mL/kg).

 — If mannitol or 3% saline is unavailable, give furosemide 
1 mg/kg IV.

If signs of raised intracranial pressure persist, ideal 
management would include:

 O Rapid sequence induction of anaesthesia and intubation 
for both airway protection (if Glasgow Coma Scale score 
is < 8 and/or the child is unresponsive to painful stimuli) 
and stabilisation of PCO2.

 O Mechanical ventilation with optimal sedation and 
maintenance of PCO2 within the normal range (ideally 
4.5–5.5 kPa).

Other useful techniques include the following:
 O Place the patient supine in a 30-degree head- up position.
 O Avoid placing a central venous catheter in the internal 

jugular vein.
 O Give antipyretics to maintain normal temperature.
 O Undertake a full neurological and cardiovascular 

assessment with regular (at least hourly) assessment 
of: pupillary responses, conscious level, pulse, blood 
pressure, capillary refi ll time, respiratory rate and effort, 
pulse oximetry (if available) and temperature. 

 O Monitor electrolytes, gases, clotting and full blood count 
as recommended for shock.
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Prognosis
 O Even with optimal intensive care, around 5–10% of 

patients with meningococcal septicaemia will die. Where 
intensive care is unavailable this may rise to more than 
40%.

 — Mortality of other causes of acute meningitis is gener-
ally much lower (around 2%).

 O The most frequent complication of meningitis is hearing 
impairment or deafness, which may affect up to 10% 
of survivors.

 O Survivors of septicaemia may require skin grafting of 
necrotic lesions and amputation of necrotic digits or 
limbs.

 O In general, most survivors make a virtually complete 
recovery, although subtle neurological abnormalities (e.g. 
behavioural and developmental problems, mild motor 
abnormalities) are not uncommon.

Prevention of meningococcal disease
Education
Increasing awareness of primary healthcare workers and 
general public about the presenting symptoms of menin-
gococcal disease and emphasising the need for early 
presentation and treatment may have a major impact on 
mortality and morbidity.

Prophylaxis of contacts
Transmission is via droplet spread to close contacts. 
Around 4–25% of people are colonised at any one time, 
but outbreaks of disease are not generally related to colo-
nisation rate. Household contacts of a case may be at 800 
times increased risk of disease compared with the general 
population.

Chemoprophylaxis is used to prevent secondary cases 
by eliminating nasal carriage. Administer as soon as pos-
sible (within 48 hours after presentation of the index case). 

Follow local public health guidelines when determining 
who should receive antibiotic prophylaxis. In general, only 
immediate family (or those sharing accommodation) and 
kissing contacts should be treated. Healthcare workers 
should receive prophylaxis only where they have expe-
rienced extensive contact with the patient’s respiratory 
secretions (e.g. during intubation). 

Drugs for prophylaxis
Give rifampicin for 2 days for all household contacts:

 O adults: 600 mg twice daily
 O children aged 1 month to 12 years: 10 mg/kg twice daily
 O neonates: 5 mg/kg twice daily.

In many countries rifampicin is protected from use for 
any disease other than TB. In this case consider giving 
ciprofl oxacin orally as a single dose: adults, 500 mg; chil-
dren aged 5–12 years, 250 mg; children aged 1 month to 
5 years, 125 mg.

Vaccination
Where the index case has proven serogroup A or C dis-
ease, consideration should be given to vaccinating close 
contacts with appropriate polysaccharide or polysaccharide 
conjugate vaccine.

During larger outbreaks or epidemics, wider- scale 
prophylaxis is occasionally used, but should only be carried 
out under guidance of local/national public health authori-
ties. Public education regarding presenting symptoms of 
meningococcal disease and emphasising the need for 
early presentation may be more benefi cial than wide- scale 
distribution of antibiotics.

Vaccines based on the capsular polysaccharide of 
serogroups A and C (±Y and W-135) have been available for 
several years, and have been used for vaccination of con-
tacts (as above) and for protection of travellers to endemic 
areas. They are unable to reliably induce immunity in infants 
and young children as their duration of protection is short. 

They are not generally used for population vaccination 
campaigns except in epidemic situations. 

Conjugated polysaccharide vaccines for serogroups A, 
C, Y and W- 135 are now available and offer the possibility 
of inducing long term immunity in all age groups.

A vaccine against serogroup B has recently received 
a license.

Where widespread epidemics of meningococcal dis-
ease occur (e.g. in the meningitis belt in sub- Saharan 
Africa), mass vaccination campaigns have proved useful 
in reducing attack rate. Such campaigns are administered 
by local public health authorities.

6.1.H Pertussis

BOX 6.1.H.1 Minimum standards
 Q Immunisation. 
 Q Erythromycin.
 Q Oxygen.
 Q Close monitoring for apnoea and hypoxaemia.

Introduction
Infection with the organism Bordetella pertussis (a Gram- 
negative bacillus) causes a clinical syndrome commonly 
referred to as ‘whooping cough’. The illness classically 
has three stages.

 O Stage 1: Catarrhal stage (1–2 weeks). The symptoms 
are those of an upper respiratory infection.

 O Stage 2: Paroxysmal stage (2–4 weeks). The child has 
severe episodes of coughing – usually up to 10 coughs 
without drawing breath, and then a sharp inspiration or 
‘whoop’. The prolonged coughing (often with vomit-
ing) may lead to poor feeding, with weight loss and 
sometimes rectal prolapse. Other complications such 
as subconjunctival haemorrhages and ulceration of the 
frenulum may develop.

 O Stage 3: Convalescent stage (1–2 weeks). The epi-
sodes of coughing subside. Occasionally the child may 
continue to cough for months.

Pertussis should be prevented by universal infant immunisa-
tion. In some countries, immunisation is also given to the 
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mother during pregnancy (28 to 38 weeks gestation) to 
prevent pertussis in infancy.

Effects on the young infant
Infants may become infected with pertussis before they 
have been immunised, or if immunisation is not available 
(or the parents have refused it). Young infants with pertussis 
have a different and serious clinical picture that includes 
the following:

 O apnoea with hypoxaemia
 O bradycardia
 O seizures
 O cough and poor feeding.

Diagnosis
The laboratory facilities needed to diagnose pertussis are 
not available in many hospitals. Culture from a perna-
sal swab should be undertaken on Bordet–Gengou 
medium. An absolute lymphocytosis (with a typical clinical 
picture) is highly suggestive (the total lymphocyte count may 
be over 30 × 109/litre).

Treatment
The following groups of children should be admitted to 
hospital

 O infants under 6 months of age
 O children with complications such as pneumonia, convul-

sions, dehydration or severe under- nutrition
 O those with apnoea or cyanosis.

Supportive treatment
 O Maintain nutrition and hydration.
 O Give oxygen according to the criteria for acute lower 

respiratory infection (ALRI) (see Section 5.3.A).

 O Give gentle suction of secretions (avoid triggering 
coughing).

 O Low- dose continuous oxygen (0.5–1.0 litre/minute) via 
nasal cannulae may reduce apnoeic episodes in infants. 
Do not use nasopharyngeal cannulae, which can pro-
voke coughing spasms.

 O Do not give cough suppressants, sedatives or 
antihistamines.

 O Encourage breastfeeding. If the infant cannot drink, pass 
a nasogastric tube.

 O If there is severe respiratory distress, consider intrave-
nous maintenance fl uids to avoid aspiration, but avoid 
malnutrition.

 O In some infants, the frequency of apnoeic episodes is 
high and requires ventilatory support.

Specifi c treatment
 O Treat pneumonia that is complicating pertussis, accord-

ing to the ALRI protocol in Section 5.3.A.
 O Give DTP vaccine to any unimmunised siblings (see 

Section 1.17).
 O Treat convulsions (see Section 5.16.E).
 O Erythromycin will eradicate pertussis from the naso-

pharynx but has little effect on the severity or duration 
of clinical symptoms unless it is started very early in the 
disease. The oral dose of erythromycin is 12.5 mg/kg 
6 hourly for neonates for 7 days and 125 mg 6 hourly 
for age 1 month to 2 years for 7 days. Azithromycin 
(10 mg/kg once daily) may also be given, and the course 
is shorter (3 days) but is not recommended under 
6 months of age. Prophylaxis of other infants in the family 
is of no proven benefi t, and has side effects. 

6.1.I Relapsing fevers

BOX 6.1.I.1 Minimum standards
 Q Public health measures to kill lice.
 Q Antibiotics: erythromycin, ceftriaxone.
 Q Close observation for the Jarisch–Herxheimer reaction.

Epidemiology
Epidemic or louse- borne relapsing fever (LBRF), caused 
by Borrelia recurrentis, is transmitted by the human body 
louse (Pediculus humanus) (and occasionally the head 
louse (P. capitis) or, possibly, the crab louse (Phthirus 
pubis)), which becomes infected following a blood meal 
and remains infected for life. Humans are the reservoir host. 
The louse is crushed when the host scratches. Borrelia 
enters the new host via abrasions and mucous mem-
branes. Bloodborne and congenital infections may also 
occur. Currently only endemic in Ethiopia, LBRF occurs in 
epidemics in situations of poor hygiene and overcrowding. 

Endemic or tick- borne relapsing fever (TBRF) occurs 
in widespread endemic foci: central, eastern and southern 
Africa (Borrelia duttonii); north- western Africa and the 
Iberian peninsula (B. hispanica); central Asia and parts of 
the Middle East, India and China (B. persica); and various 

regions of the Americas (B. hermsii, B. turicatae, B. ven-
ezuelensis). Animal reservoirs include wild rodents, lizards, 
toads, owls, pigs and chickens. Transmission to humans 
occurs following the bite of an infected argasid (soft) tick of 
the genus Ornithodorus via tick saliva or coxal fl uid. Human 
congenital infections may also occur. TBRF is a common 
and under- diagnosed cause of fever in many parts of Africa.

Pathology
Borreliae multiply in blood by simple fi ssion. They have a 
predisposition for reticulo- endothelial system and CNS, 
causing widespread vascular endothelial damage and 
platelet sequestration in the bone marrow. Clinical severity 
tends to correlate with the level of spirochaetaemia and 
relapses result from antigenic variation.

Clinical features
 O Incubation period usually 4 to 8 days (range 2–15 days). 
 O TBRF usually clinically milder, but may be associated 

with up to 11 relapses. 
 O LBRF more severe, and rarely gives rise to more than 

three relapses.
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 O Typical features include sudden- onset high fever, head-
ache, confusion, meningism, myalgia, arthralgia, nausea, 
vomiting, dysphagia, dyspnoea and cough (which may 
be productive of sputum containing Borrelia).

 O Hepatomegaly is common (associated with jaundice 
in 50% of patients with LBRF, and in less than 10% of 
those with TBRF). Splenomegaly is common and splenic 
rupture may occur. 

 O Petechiae, erythematous rashes, conjunctival injection 
and haemorrhages are more common in LBRF. 

 O Complications include myocarditis, pneumonia, nephri-
tis, parotitis, arthritis, neuropathies, meningoencephalitis, 
meningitis, acute ophthalmitis and iritis. 

 O The case fatality rate (CFR) may reach 70% in epidemics 
of LBRF, and is lower in children than in adults.

 O CFR is usually less than 10% in untreated cases of TBRF, 
but tends to be higher in children and pregnant women.

Differential diagnosis
Malaria, typhus, typhoid, meningococcal septicaemia/
meningitis, dengue, hepatitis, leptospirosis, yellow fever, 
other viral haemorrhagic fevers.

Diagnosis
 O Giemsa-  or Field- stained blood fi lms reveal spirochaetes.
 O Borrelia is also visible on unstained blood fi lms using 

dark- fi eld or phase- contrast microscopy. 
 O Centrifuge anticoagulated whole blood to concentrate 

spirochaetes above the buffy coat. 
 O The acridine orange- coated quantitative buffy coat 

(QBC) technique is also useful. 
 O Polymerase chain reaction (PCR) assays are now avail-

able for diagnosis and speciation.
 O Serology is unreliable.
 O Examination of the vector may be useful. 

Treatment
 O A single dose of antibiotic is effective in about 95% of 

cases of LBRF, and in up to 80% of cases with TBRF. 
 O Single- dose treatment is recommended in LBRF 

epidemics. 
 O TBRF relapses are less likely with a 5-  to 10- day course 

of treatment. 

Effective antibiotics include tetracycline, doxycycline, 

penicillin, erythromycin, chloramphenicol and ciprofl oxacin. 
Choice will depend on the patient’s age, contraindications 
and drug availability. 

Ceftriaxone is recommended for patients presenting 
with meningitis or encephalitis. 

In epidemics of LBRF, treatment of close contacts may 
also be recommended. 

Usual dosage recommendations:
 O LBRF: a single dose of one of the following:

 — doxycycline, 100 mg (non- pregnant adults)
 — tetracycline, 500 mg (non- pregnant adults)
 — erythromycin, 500 mg in adults and children over 
5 years

 — erythromycin, 250 mg in children up to 5 years.
 O TBRF: a 5- day course of one of the following:

 — doxycycline, 100 mg twice daily (non- pregnant adults)
 — erythromycin, 2 grams divided into two to four doses 
daily (adults) 

 — erythromycin, 50 mg/kg divided into two to four doses 
daily (children).

Complications
A Jarisch–Herxheimer reaction (JHR) may occur in up to 
80–90% of patients treated for LBRF, and in up to 50% of those 
treated for TBRF. This may be fatal in around 5% of cases.

 O The reaction usually commences within 2 hours of the 
fi rst dose of antibiotic.

 O Symptoms include rigors, restlessness and anxiety, 
then a sharp rise in temperature, tachycardia and initial 
rise blood pressure, followed by marked vasodilation 
and sweating, which may result in collapse and shock. 

 O All patients must be closely monitored for a JHR. 
Intravenous fl uids may be required to maintain blood 
pressure. 

 O Steroids are of no benefi t.

Prevention and control
LBRF: improve hygiene, reduce crowding, delouse (DDT, 
permethrin or malathion powder to skin and clothing), heat 
treat/destroy clothing. Antibiotic prophylaxis may be recom-
mended in high- risk situations. 

TBRF: avoid tick habitats.

6.1.J Sexually transmitted diseases

BOX 6.1.J.1 Minimum standards
 Q Health education programmes.
 Q Child protection in cases of abuse.
 Q Antibacterial drugs.
 Q Antiviral drugs.
 Q Podophyllin/trichloroacetic acid.

Introduction
Anogenital infections in childhood are most commonly 
acquired through sexual contact or abuse, but may also 
arise as a result of close personal contact within the family 

or on the playground, and some systemic infections may 
be transmitted by sexual means without being considered 
venereal illnesses.

The diagnosis of sexually transmitted disease is con-
sidered in the following circumstances:

 O a history of recent sexual abuse
 O the isolation of sexually transmitted organisms in cases 

without obvious trauma leading to a diagnosis of chronic 
sexual abuse

 O specifi c syndromes and diseases usually transmitted by 
the sexual route in adults

 O congenital syphilis or perinatally acquired chlamydia 
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or gonorrhoea transmitted from the mother in utero or 
postnatally (see Section 3.4)

 O HIV infection not acquired perinatally, through transfu-
sion or another known mechanism.

There are more than 20 different infections that may be 
spread by the sexual route. These range from the classic 
sexually transmitted diseases (e.g. syphilis, gonorrhoea), 
through conditions that are mainly sexually transmitted 
(e.g. genital herpes, human papillomavirus), to those infec-
tions that can also be transmitted by sexual means (e.g. 
hepatitis B and C). 

Sexual abuse
Children known to have been abused 
recently
Sexually abused children are at risk of acquiring an infec-
tion from the perpetrator. In relation to the high frequency 
of sexual abuse, the typical sexually acquired infections 
are fairly rare, but the risk depends on a number of epide-
miological factors.

The diagnosis of potential infection of a child present-
ing with sexual abuse includes an active microbiological 
search by culture of vulval, perineal or anal swabs. Bacterial 
infections such as gonorrhoea, syphilis or chlamydia 
are usually manifested soon after the assault, with the 
development of local ulcers and infected vaginal or vulval 
discharge.

The sexually transmitted viral diseases such as her-
pesvirus type 2 can also become evident soon after the 
incident, but diseases with a longer latency period such 
as human papillomavirus are more diffi cult to link directly 
to the episode of sexual abuse.

The management of the child potentially infected after 
sexual abuse consists of the following:

 O management of the sexual abuse (see Section 7.6)
 O local management of injuries, including tetanus toxoid 

if applicable
 O bacteriological swabs
 O serological tests for syphilis, hepatitis B and HIV, 

repeated 6 weeks later
 O prophylactic broad- spectrum antibiotics: ceftriaxone 

50 mg/kg IM as a single dose (maximum dose 4 grams) 
plus erythromycin 20–40 mg/kg/day in three divided 
doses for 7 days

 O post- exposure hepatitis B vaccination if not previously 
vaccinated; follow- up doses at 1–2 and 4–6 months 
after the fi rst dose

 O assessment of the risk of HIV transmission and prophy-
laxis if indicated.

Children are at higher risk because episodes of assault are 
often multiple and mucosal trauma is likely.

Factors that should be assessed include the following: 
 O assailant’s HIV status or likelihood of having HIV
 O time elapsed since incident (< 72 hours)
 O exposure characteristics
 O possible benefits and risks associated with post- 

exposure prophylaxis (PEP).

PEP is generally well tolerated in children. The choice of 
antiretroviral drugs will depend on local availability and pol-
icy. An example is a combination of zidovudine, lamivudine 

and lopinavir/ritonavir. Follow- up and appropriate treatment 
of identifi ed infection (see below) should be undertaken.

The presence of a sexually transmissible 
infection in a child alerting to the possibility 
of sexual abuse
This group of children presents with symptoms and signs 
suggestive of genital, urinary or lower intestinal infection. 
In children aged around 2–10 years, the fi nding of genital, 
anal or pharyngeal infection with Neisseria gonorrhoeae, 
Treponema pallidum or Chlamydia tra chomatis should 
prompt a search for evidence of sexual abuse. However, 
herpesvirus type 2, Trichomonas vaginalis, Mycoplasma 
species and bacterial vaginosis are not so commonly 
acquired as a result of sexually transmitted infection in this 
age group. Although human papillomavirus types 6, 11, 
16 and 18 are also usually transmitted by sexual means 
and may present with condylomata, a long latency in the 
onset of clinical signs means that these may have been 
transmitted from mother to child during birth, and close 
domestic contact other than sexual abuse has also been 
shown in such cases.

Specifi c syndromes or diseases usually 
associated with sexual transmission in 
adolescent children
These conditions occur particularly in sexually active ado-
lescents. In view of the rampant spread of HIV infection, 
the approach to the management of sexually transmitted 
diseases in children and adolescents must include the 
following aspects:

 O Treatment of the symptoms and causes in a typical 
syndromic approach to STDs, as described below.

 O Identifi cation of those without symptoms. There is a 
recognised risk of co- infection, and as both syphilis and 
HIV may be asymptomatic, serological tests for syphilis 
(VDRL or RPR) and HIV (ELISA) should be offered with 
appropriate counselling in all patients.

 O Prevention of new infection by education about safe sex 
practices and condom use.

 O Motivation to engage in health- seeking behaviour.

Genital ulcers and lymphadenitis
The infections presenting with genital ulcers with or without 
inguinal adenopathy and bubos are most often acquired 
as a result of voluntary or involuntary sexual activity, but 
may occur as a result of non- sexual inoculation through 
close domestic or play contact or indirect transmission. 
The patient should be carefully examined to deter mine the 
site, number, size and appearance of the ulcers, the type 
of exudate, the presence of associated pain, erythema and 
swelling, or of draining lymphadenopathy.

Regional epidemiological factors determine the relative 
frequency and likelihood of genital herpes (herpesvirus 
type 2), syphilis, chancroid, lymphogranuloma venereum 
or granuloma inguinale.

Genital herpes
This causes painful vesicular or shallow ulcerative lesions 
on the genitals. Grouped or single lesions occur on a thin 
erythematous base but with generally uninfl amed interven-
ing epithelium. These regress spontaneously but may recur. 
Oral aciclovir 200 mg fi ve times daily for 5 days does not 
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prevent future recurrences, but if started early, will reduce 
the intensity and duration of symptoms. Locally, anaesthetic 
and antiseptic creams help to relieve symptoms.

Chancre of primary syphilis
This is a painless ulcer with a serous exudate which is highly 
infectious. The diagnosis can be made by direct dark- fi eld 
examination or immunofl uorescent antibody stains. At this 
stage, serological tests for syphilis are usually still nega-
tive. The treatment in children over 12 years consists of 
benzathine benzylpenicillin, 50 000 U/kg IM as a single 
dose (50 000 U = 37.5 mg). Benzathine benzylpenicillin 
must not be given IV.

Chancroid
This is caused by Haemophilus ducreyi. Painful papu-
lovesicles or ulcers on the genitals are associated with 
suppurative inguinal adenopathy. In the absence of adenop-
athy, the condition has to be differentiated from herpes or 
syphilis, the latter of which is usually painless. In treatment 
of children over 12 years of age, the following are satisfac-
tory: azithro mycin 1 gram orally as a single dose, ceftriaxone 
250 mg IM as a single dose, or erythromycin base 500 mg 
orally four times daily for 7 days.

Lymphogranuloma venereum 
Patients with lymphogranuloma venereum (LGV) com-
monly present with unilateral tender inguinal and/or femoral 
lymphadenopathy. Genital ulcers are usually less obvious 
and have often disappeared by the time of presentation. 
LGV is caused by Chlamydia trachomatis. Treatment for 
children over 12 years of age is with doxycycline 100 mg 
orally twice daily or erythromycin 500 mg orally four times 
daily, and should be continued for 21 days.

Granuloma inguinale
Klebsiella granulomatis is the cause of this ulcerative 
disease. The lesions are painless and slowly progressive. 
Subcutaneous granulomas often occur on the genitals 
and perineum, but regional lymphadenopathy is absent. 
Treatment is with doxycycline or erythromycin, as for LGV. 
Alternatively azithromycin, ciprofl oxacin or trimethoprim- 
sulfamethoxazole can be used.

Urethritis and vulvovaginitis
These patients present typically with a discharge from 
urethra or vagina. The character of the discharge may 
be non- specifi c or it may have typical features allowing a 
presumptive diagnosis concerning its aetiology. Together 
with the discharge, there may be other features such as 
itching, discomfort or dysuria. There may be infl ammatory 
erythema and swelling of the tissues. Where pruritus is a 
major symptom, Trichomonas or Candida albicans should 
be suspected. The appearance of the discharge may be 
typically white cheesy in Candida, or creamy- purulent 
and frothy in Trichomonas infection, but often is fairly 
non- specifi c.

The organisms responsible for this mode of presentation 
include Neisseria gonorrhoeae, Chlamydia trachomatis, 
Trichomonas, Candida species, Gardnerella vaginalis and 
Ureaplasma species. In the syndromic approach to the 
man agement of patients with surface epithelial infection, 
broad- spectrum treatment aimed at gonorrhoea, Chlamydia 
and Trichomonas or Candida is given at the same time as 

bacterial swabs are taken for culture. Where laboratory 
resources are scarce, bacteriological investigations may 
be reserved for those not responding appropriately to the 
fi rst course of therapy.

Recommended treatment for children over 12 years of 
age includes ceftriaxone 250 mg IM as a single dose, or 
cefi xime 400 mg orally in a single dose, against Neisseria 
gonorrhoeae. Azithromycin, 1 gram orally as a single dose, 
or doxycycline 100 mg orally twice daily for 7 days (alter-
natively, erythromycin 40–50 mg/kg/day given as 4 divided 
doses 6 hourly for 14 days for children under 12 years) 
should be added for Chlamydia. If Trichomonas or bacte-
rial vaginosis due to Gardnerella vaginalis is identifi ed or 
strongly suspected, metronidazole is added as 15–30 mg/
kg/day in three divided doses for 7 days. Candida infection 
can be treated with a short course (3 days) of topical azoles 
such as clotrimazole, miconazole or butoconazole cream. 
An alternative is treatment with local nystatin (100 000 U/mL 
three to four times daily), but this is less effective.

Acute balanoposthitis
Infl ammation of the glans and prepuce can have a large 
number of infectious and also non- infectious causes. In the 
usual case, there is erythema and swelling of the glans and 
prepuce together with local exudate. Most such cases are 
not due to sexually transmitted infection, but are caused 
by beta- haemolytic streptococci, Staphylococcus aureus 
or Candida albicans. These may arise secondary to local 
trauma including ritual circumcision. Allergic contact der-
matitis and rarer causes such as psoriasis or pemphigus 
should also be considered. Sexually transmitted organisms 
include Chlamydia, Gardnerella vaginalis, Trichomonas, 
Candida albicans, syphilis, herpes virus and papillo mavirus. 
If ‘milking’ along the length of the urethra produces a puru-
lent discharge, STDs are also more likely.

Accordingly, the evaluation of a boy presenting with 
balanoposthitis includes examination for the presence of 
urethral discharge and a urine dipstick. A swab should be 
sent for microbiological confi rmation. A suggested treat-
ment for children over 12 years is azithromycin 1 gram orally 
in one dose, or erythromycin 40–50 mg/kg per day in four 
divided doses for 14 days, plus metronidazole 15–30 mg/
kg per day in three divided doses for 7 days. In the pres-
ence of urethral discharge, treatment should also include 
antibiotic cover for gonorrhoea.

Genital warts
Condylomata acuminata are fl eshy, soft, pedunculated or 
fl at warty lesions that may sometimes have quite a narrow 
base. They occur singly or in clusters. In sexually active ado-
lescent boys, they may occur on the shaft or corona of the 
penis, and in girls on the genital mucosal surface both inside 
and outside the vagina. Perineal cutaneous condylomata 
are not always acquired sexually. Human papillomavirus 
(HPV) types 6 and 11 cause these warts. Apart from the 
visible wart, the infection may be quite asymptomatic, 
particularly where lesions occur intravaginally. They must 
be differentiated from the fl at papular condylomata lata of 
syphilis, skin tags and molluscum contagiosum. 

Local treatment is satisfactory in most instances, 
although recurrences occur. Trichloroacetic acid or 10–25% 
podophyllin may be applied to external lesions, taking 
care not to involve normal skin. Other precautions to avoid 
the development of complications include limiting the 
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application to less than 0.5 mL of podophyllin and an area 
of over 10 cm2 of warts per session. The preparation should 
be washed off 1–4 hours after application to reduce local 
irritation. The process can be repeated in 7 days. Other 
treatment modalities include cryotherapy, surgical excision, 
curettage or electrocautery. An alternative is not to treat, 
and to await possible spontaneous resolution. 

The association with genital dysplasia and carcinoma 
should be remembered, and therefore Pap smears and 
regular follow- up are indicated in girls with human papil-
lomavirus infection.

Two HPV vaccines are now available. They offer protec-
tion against HPV types that cause a large percentage of 
carcinomas as well as genital warts.

Pelvic infl ammatory disease (PID) and 
epididymitis
The deep infections of the upper female genital tract present 
with features of infection, such as fever and leucocytosis, 

together with lower abdominal pain and a vaginal discharge. 
There may be signs of pelvic peritonitis or a tender mass 
on vaginal or rectal examination. Epididymitis in males 
presents typically with unilateral pain, swelling and tender-
ness of the testis, together with urethral discharge. This 
can be distinguished from testicular torsion by means of 
an ultrasound examination. In sexually active adolescents, 
these infections are most often caused by Neisseria gon-
orrhoeae or Chlamydia trachomatis. Such patients may 
be very ill and require hospitalisation including possible 
surgical drainage. General supportive therapy is given as 
required. The antibiotic therapy aims at the above two 
organisms and outpatient treatment typically includes 
a third- generation cephalosporin like ceftriaxone plus 
doxycycline. Metronidazole may be added to treat bacterial 
vaginosis which frequently accompanies PID. 

In severe cases, or where there is no response to 
the above treatment within 72 hours, intravenous broad- 
spectrum antibiotics including an aminoglycoside and 
clindamycin should be given.

6.1.K Streptococcal disease

BOX 6.1.K.1 Minimum standards
 Q Antibiotics: penicillin and erythromycin.
 Q For resistant pneumococci: cefotaxime/ceftriaxone, 

vancomycin.
 Q Pneumococcal vaccine post- splenectomy and in sickle- 

cell disease.

Introduction
Streptococci are Gram- positive bacteria, of which the most 
important are: 

 O Group A streptococcus 
 O Group B streptococcus
 O Streptococcus pneumonia.

Group A streptococci (GAS) Streptococcus 
pyogenes
This is a common commensal in the throat. It causes many 
diseases, as described below. 

Head and neck
 O Acute pharyngitis, retropharyngeal abscess and otitis 

media (see Section 5.1.C).
 O Tonsillitis: GAS likely if exudate, tender anterior cervical 

lymph nodes, fever, no cough. Penicillin V for 10 days 
is the treatment of choice, but amoxicillin may be bet-
ter tolerated in liquid form. GAS is always sensitive to 
penicillin. In penicillin allergy use a macrolide (although 
there is resistance to this group of antibiotics).

 O Sinusitis: follows otitis media: coryza, postnasal drip, 
headache, fever.

 O Brain abscess: this is a rare complication resulting from 
direct extension of an ear or sinus infection, or from 
haematogenous spread (see Section 5.16.K).

Skin and soft tissue
 O Impetigo: purulent, yellow- crusted skin lesions (see 

Section 5.18).
 O Pyoderma: papule becomes vesicular then pustular with 

a thick crust and surrounding erythema. 
 O Erysipelas: erythematous warm painful skin lesions with 

raised borders associated with fever.
 O Cellulitis: local pain, tenderness, swelling and erythema 

associated with fever.

Skin infections are commonly co- infected with 
Staphylococcus aureus, which should be treated with 
fl ucloxacillin. Treat invasive disease with IV fl ucloxacillin, 
benzylpenicillin and clindamycin. 

Necrotising fasciitis
 O Pain disproportionate to physical fi ndings: erythema 

may be absent or rapidly progress to purple with haem-
orrhagic fl uid- fi lled blisters or bullae. Fever, malaise, 
myalgia, diarrhoea, anorexia. Spread through fascial 
planes requires early surgical exploration and resection. 
Give intravenous immunoglobulin (IVIG) (if available).

Myositis
 O CT or MRI (if available) is useful for diagnosis.

Scarlet fever 
 O This presents with tonsillitis and a characteristic rash, 

circumoral pallor and strawberry tongue. Rash starts 
with generalised blanching erythema which is punc-
tate (i.e. like sandpaper) and palpable, followed by 
desquamation.

Pneumonia
 O Invasive GAS can rapidly progress to necrotising pneu-

monia with empyema (see Section 5.3.B).
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TABLE 6.1.K.1 Antibiotic doses for streptococcal disease

Disease Antibiotic Dose and route Dose interval Duration/comments

Otitis 
media

Amoxicillin (oral) 12.5 mg/kg orally 8 hours 5–7 days

Amoxicillin – clavulanic acid 12.5 mg/kg orally 8 hours 5–7 days

Cefaclor 12.5 mg/kg orally 8 hours 5–7 days

Erythromycin 12.5 mg/kg orally 6 hours 5–10 days

Sinusitis As for otitis media As for otitis media As for otitis media As for otitis media

Meningitis Penicillin G 50 mg/kg IV 4–6 hours 10–14 days for all antibiotics below

Chloramphenicol Load 50 mg/kg IV, then 
25 mg/kg

6 hours

Cefotaxime 50 mg IV 6–8 hours Maximum single dose 4 grams

Ceftriaxone 100 mg IV 24 hours Maximum single dose 4 grams/day

Vancomycin Load 15 mg/kg IV then 
10 mg/kg IV

6 hours Total daily dose not more than 2 grams

Drug levels needed

Meropenem 10–20 mg/kg slow IV 
injection over 5 minutes

8 hours Maximum single dose 2 grams

Septicaemia
 O Risk factors include burns and chickenpox. The main 

symptoms are fever, tachycardia, tachypnoea and 
hypotension.

Mediastinitis
 O Rare but serious, frequent fatalities as often diagnosed 

late. 

Toxic shock syndrome
 O Systemic shock with multi- organ failure. Give IVIG (if 

available) (see Section 5.5.C).

Rheumatic fever
Acute rheumatic fever

 O Major criteria: carditis, Sydenham chorea, polyarthritis, 
erythema marginatum, subcutaneous nodules.

 O Minor criteria: fever, arthralgia, raised ESR or CRP, 
prolonged PR interval on ECG.

Two major or one major and two minor criteria with evidence 
of preceding GAS throat infection confi rm a diagnosis of 
rheumatic fever (see Section 5.13).

Rheumatic heart disease results in chronic valvular 
damage, predominantly of the mitral valve.

Glomerulonephritis
 O Acute renal failure with haematuria and proteinuria days 

after streptococcal pharyngitis (see Section 5.6.A).

Group B streptococci (GBS) 
Streptococcus agalactiae
This species colonises 15–45% of healthy women and 
can cause severe infections in the puerperium and in the 
neonate. 

Postpartum infection (see Section 2.5.G).

Neonatal infection
 O Early onset (fi rst week of life) (see Section 3.4) associated 

risk factors: prematurity, prolonged rupture of mem-
branes, maternal intrapartum fever, chorioamnionitis, 
maternal UTI, previous baby with GBS disease. 

 O Late onset (1 week to 3 months of age) causes sepsis 
and meningitis: not prevented by peripartum antibiotics. 

Empirical IV treatment with ampicillin and gentamicin for 
5 days. Then, once GBS is confi rmed, treat sepsis with ben-
zyl penicillin for 7 days if meningitis is excluded by lumbar 
puncture. If meningitis is not excluded, treat for 14 days.

Maternal
 O Septic abortion, puerperal sepsis, urinary tract infection.

Streptococcus pneumoniae
Gram- positive diplococcus (lancet shaped). At least 85 
pathogenic serotypes are known. Types 1, 3, 4, 6, 7, 8, 9, 
12, 14, 18, 19 and 23 are the most virulent.

 O Common infections include pneumonia, meningitis, peri-
tonitis, otitis media, sinusitis, arthritis and conjunctivitis.

 O Pneumococcal infections are more common in children 
with defective splenic function (e.g. sickle- cell anaemia, 
splenectomy); also nephrotic syndrome, chronic renal 
failure, diabetes mellitus, malabsorption, heart failure, 
skull fracture, neurosurgery and those with congenital 
or acquired immunodefi ciency such as agammaglob-
ulinaemia, and HIV infection.

 O Patients with white blood cell counts of more than 15 × 
109/litre are likely to have bacteraemia.

 O Culture of Streptococcus pneumoniae from the res-
piratory tract is not useful because many people are 
asymptomatic carriers. 

Treatment
 O In the last two decades, resistance of S. pneumoniae 

to antibiotics such as penicillin and chloramphenicol 
has emerged.

 O In many countries, up to 5–40% of isolates may be 
resistant to penicillin G.

 O If resistance to chloramphenicol or penicillin is suspected, 
give either cefotaxime or ceftriaxone. If resistance to 
these two drugs is considered, add vancomycin to 
ceftriaxone or cefotaxime. If results of sensitivity confi rm 
susceptibility to penicillin G, ceftriaxone or cefotaxime 
should be given and vancomycin should be stopped.
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Pneumococcal vaccine
 O Give pneumococcal conjugated vaccine (e.g. Prevenar 

13), two doses starting at 2 months of age, with 
2 months between doses, with a reinforcing dose at 
12–13 months, or if over 1 year old give a single dose.

 O At- risk groups (see above) should have conjugate vac-
cine (any age) followed by polysaccharide vaccine (23 
serotypes) over 2 years of age with a repeat dose every 
5 years.

Chemoprophylaxis
 O Daily oral penicillin V (125 mg twice daily for children 

under 5 years, 250 mg twice daily for older children) is 
recommended for children at risk (see above). 

Other groups of streptococci (C, D, E, F, G, 
H, K, L, M, N, O and V)

 O These cause diseases such as infective endocarditis, 
urinary tract infection and pneumonia. Susceptibility to 
penicillin is variable, and treatment with an aminogly-
coside (e.g. gentamicin) and penicillin G or ampicillin is 
recommended.

TABLE 6.1.K.2 Streptococci and related conditions

Streptococci Group 
Lancefi eld

Reaction 
(Haemolytic)

Disease caused

S. pyogenes (GAS) A J Tonsillitis, pyoderma, impetigo, scarlet fever (subsequent rheumatic fever, 
acute glomerulonephritis)

Necrotising fasciitis, toxic shock syndrome

S. agalactiae (GBS) B J Neonatal sepsis/meningitis

S. equisimilis (GCS) C J Endocarditis, pneumonia, cellulitis, septicaemia

S. faecalis (GDS) D J or none Normal gut fl ora. May cause peritonitis, urinary tract infection, endocarditis 
and septicaemia

S. viridians – I Mouth commensal. May cause endocarditis, dental caries

S. pneumoniae – – Pneumonia, meningitis, otitis media, sinusitis

6.1.L Tetanus

BOX 6.1.L.1 Minimum standards
 Q Immunisation and prevention. 
 Q ABC, especially airway protection.
 Q Anti- tetanus immunoglobulin and tetanus toxoid.
 Q Wound care.
 Q Diazepam, magnesium sulphate and phenobarbitone 

for acute spasms.
 Q Morphine.
 Q Early IV penicillin and/or metronidazole.
 Q Close observational care in a high- dependency area.

Introduction
Generalised tetanus (lockjaw) is a neurological disease 
manifesting as trismus and severe muscular spasms. It is 
caused by a neurotoxin produced by the anaerobic bac-
terium Clostridium tetani in a contaminated wound. The 
different forms of tetanus include the following:

 O Neonatal tetanus is a form of generalised tetanus 
occurring in newborn infants lacking protective passive 
immunity because their mothers are not immune. 

 O Localised tetanus manifests as local muscle spasms 
in areas contiguous to a wound. 

 O Cephalic tetanus is a dysfunction of cranial nerves asso-
ciated with infected wounds on the head and neck. Both 
of the latter conditions may precede generalised tetanus.

Tetanus continues to cause thousands of deaths per 
year worldwide (see Figure 6.1.L.1). The World Health 

Organization estimates that 59 000 newborns worldwide 
died in 2008 as a result of neonatal tetanus. 

FIGURE 6.1.L.1 Total tetanus global annual reported cases and 
coverage, 1980–2010. Source: WHO/IVB Database, 2011. 

For infection to occur, two conditions must be met:
1 a wound with a degree of necrosis
2 a wound contaminated with material containing 

Clostridium tetani (a Gram- positive obligate anaerobe 
widely distributed in the environment).

The umbilical stump is a common site of entry for neonatal 
tetanus, which carries up to 60–80% mortality. Ear piercing 
in neonates is also a common cause (e.g. in Vietnam). In up 
to 30% of infected children no wound can be found. Cases 
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of tetanus in older children follow small puncture wounds, 
accidents and trauma in the partial or unvaccinated child.

Pathogenesis
Once the C. tetani spore is inoculated into necrotic tissue 
with a low oxygen concentration it changes into a vegetative 
form, which elaborates the powerful toxin, tetanospasmin, 
which ascends peripheral nerves to the spinal cord where 
it binds to cerebral gangliosides and impairs inhibitory syn-
apses. This causes muscle rigidity, spasm and autonomic 
overactivity.

Clinical presentation
A previously well neonate presents at 3–20 days with 
irritability, decreased sucking, trismus, muscle spasms 
or convulsions. An older child presents following a minor 
injury or bite. Some infections follow chronic otitis media.

The clinical presentation depends upon the distance the 
injury is from the spinal cord. The incubation period ranges 
from 3 to 21 days. The shorter the incubation period and 
the time from onset of symptoms to the fi rst spasm, the 
worse the outcome. 

More than 90% of patients develop trismus (‘locked 
jaw’) due to the short pathway of the fi fth cranial nerve. As 
the disease progresses, spasm of muscle groups supplied 
by other cranial nerves occurs, including the seventh cranial 
nerve, resulting in facial muscle rigidity and risus sardonicus. 
Spasm of the pharyngeal muscles may result in dysphagia, 
and spasm of the laryngeal muscles may result in asphyxia. 
The generalised muscle spasms are extremely painful, 
and may be prolonged, giving rise to opisthotonus. The 
sympathetic system can be affected, causing lability of 
temperature, blood pressure and cardiac function.

Early signs will be helpful in making the diagnosis. The 
mother may complain of an abnormal cry (‘baby cannot 
cry well’), because she has noticed that trismus prevents 
the mouth from opening. This happens before suckling is 
affected. If one is uncertain, a slight touch stimulus may 
initiate spasm or rigidity. History of the birth (usually at 
home) and of how the cord was cut is informative, although 
not particularly discriminating. Contamination at birth (e.g. 
being born on to the fl oor with or without cord cutting with 
an unsterile instrument) is more likely to result in tetanus 
than for example contamination following a circumcision, 
but either could be responsible. 

The diagnosis of tetanus is made clinically by excluding 
other causes of tetanic spasms, such as hypocalcaemic 
tetany, phenothiazine reaction, strychnine poisoning, and 
hysteria in the older child.

Management of established tetanus
The approach to treatment given in this subsection is appro-
priate for both neonatal and childhood tetanus.

The aims of management are as follows:
 O neutralising existing toxin and preventing its further 

production
 O control of spasms
 O prevention of complications
 O providing adequate nutrition.

On admission
 O Secure and maintain the airway, and ensure adequacy 

of ventilation.
 O Insert an intravenous line. IV infusions, even slow IV 

administration of drugs, may not be possible, because 
of lack of a suitable IV giving set (even as simple as a 
burette type) equipment or skilled time. However, an 
IV cannula should be left in situ for drug and antibiotic 
administration. 

 O IM injections must be avoided at all costs, as they 
will provoke spasms.

 O If the baby or child is in acute spasm, this should be 
terminated by giving diazepam by bolus IV infusion 
over 15 minutes (dose 300 micrograms/kg) or rec-
tally (400 micrograms/kg). Ensure that for intravenous 
infusion, diazepam is diluted to 100 micrograms/mL and 
that extravasation does not occur (very irritant).

 O Also give an IV loading dose of 25–40 mg/kg of magne-
sium sulphate over 20–30 minutes (maximum loading 
dose is 2 grams).

 O Always have a bag-mask available in case the 
patient stops breathing as a result of the diazepam 
and/or magnesium.

 O When the patient is stable, a nasogastric tube, ideally 
passed by an anaesthetist, will allow fl uids, food and 
drugs to be given with minimal disturbance. Feeds 
need to be given frequently (ideally hourly) and in small 
amounts due to reduced gut motility. In the neonate, 
regular breast milk feeds via a nasogastric tube are 
essential.

 O Any obvious wound should be debrided and cleansed, 
especially if extensive necrosis is present, and previ-
ously ill- advised sutures should be removed. In neonatal 
tetanus, wide excision of the umbilical stump is not 
indicated.

 O Finally, the disease itself does not induce immunity, so 
after recovery tetanus vaccine must be given for future 
prevention.

Antibiotics
 O Oral (or intravenous) metronidazole (30 mg/kg per day, 

given in divided doses at 6- hourly intervals; maximum 
dose 400 mg) is effective in decreasing the number of 
vegetative forms of C. tetani and is the antimicrobial 
agent of choice. 

 O IV benzylpenicillin 100–200 mg/kg/day, given in divided 
doses at 4-  to 6- hourly intervals; (75 mg/kg/day in the 
neonate in 3 divided doses) for the fi rst 48 hours then 
oral penicillin V 25   mg/kg 6 hourly is an alternative treat-
ment. Therapy for 10–14 days is recommended. Oral 
therapy can be given after the initial period.

Associated septicaemia is not uncommon in the neonate, 
and additional broader- spectrum antibiotics will often be 
required (see Section 3.4 for treatment of neonatal sepsis). 
Hospital- acquired infections are also common, especially 
pneumonia, and should be appropriately treated.

Neutralisation of toxin
Antitetanus human immunoglobulin (HTIG) is the prepara-
tion of choice for neutralising unbound tetanospasmin. It is 
given by intravenous infusion over 30 minutes at a dose of 
5000–10 000 units immediately on admission. Adverse 
reactions are rare. Local instillation is of no benefi t.
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For neutralisation of the toxin, HTIG is not available in 
most countries where it is needed. An equine immunoglob-
ulin may be available and is used (500–1000 units/kg IM; 
maximum dose 20 000 units). There is a risk of anaphylax is 
(see Section 5.1.B for management), so adrenaline must 
be immediately available if equine immunoglobulin is given. 
Immune globulin intravenous (IGIV) contains antibodies to 
tetanus and can be considered for treatment in a dose of 
200–400 mg/kg if HTIG is not available.

Management of spasms and hypertonicity
 O Spasms can usually be controlled by slow IV injection of 

diazepam, 200 micrograms/kg followed by IV 25–40 mg/
kg of magnesium sulphate over 20–30 minutes (maxi-
mum loading dose 2 grams).

 O Subsequently give IV diazepam (200 micrograms/kg 
every 4–6 hours) and magnesium sulphate (10–20 mg/
kg 2-  to 4- hourly IV). 

 O Stop diazepam if magnesium alone controls the spasms.
 O Reduce the dose of diazepam if apnoeic episodes occur. 
 O Always have a bag-mask available in case the 

patient stops breathing as a result of the diazepam 
and/or magnesium.

 O Give paracetamol 25 mg/kg 6- hourly for pain (20 mg/kg 
in the neonate). If this is insuffi cient, the WHO pain lad der 
approach should be adopted. Oral or IV morphine may 
be needed (see Section 1.15).

Alternative antispasmodic or sedative drugs
 O Phenobarbitone (15 mg/kg in one or two divided doses) 

as a loading dose then 5 mg/kg given once daily can be 
used for breakthrough spasms.

Ventilation and prevention of complications
Hospitals in regions with a high prevalence of neonatal 
tetanus may not have appropriate facilities for ventila-
tion, or even for emergency intubation of neonates; 
bag- and- mask ventilation, when apnoeic attacks occur, 
may be the only alternative. 

Many patients have major problems with pharyngeal 
spasms/upper airway obstruction and are sometimes best 
managed with a tracheostomy and pharmacological control 

of the spasms (sometimes the tracheostomy may need to 
be undertaken as an emergency procedure). Up to a third of 
those who need a tracheostomy do not require ventilation.

 O Intubation can be very diffi cult because of pharyngeal/
laryngeal spasm, and often a mini- tracheostomy without 
prior intubation may be appropriate, provided experts for 
the procedure and anaesthesia are present.

 O Infusions of morphine are essential to minimise suffer-
ing due to severe pain. Under no circumstances should 
paralysing drugs be given to children who are intubated 
and ventilated without infusions of morphine.

Neonates rarely receive ventilation. Also, few places where 
tetanus occurs will have appropriate ventilators, or staff 
who are skilled in intubation and ventilation of children. An 
alternative way to support breathing is by bag- and- mask 
ventilation as often as necessary for the apnoeas that occur 
secondary to bouts of spasms and/or the drugs given to 
treat the spasms.

Good nursing and frequent monitoring, with par-
ticular attention to gentle suction under direct vision of 
secretions from the airway, maintenance of adequate 
hydration, temperature, mouth hygiene, turning of the 
patient to avoid orthostatic pneumonia and bed sores, 
will reduce complications. 

 O The child should be nursed in a quiet environment 
with low- level lighting. Sudden loud noises should be 
avoided. 

 O It will be helpful to involve the mother in management to 
call the staff if the baby goes into spasm or stops breath-
ing. She can also be taught to feed the baby by tube 
(including checking position by suction of the tube before 
each feed) and taught minimal handling techniques. She 
could also count minor spasms, although she may not 
be able to chart them.

 O Invasive procedures should be kept to a minimum and 
preceded by appropriate analgesia. There must be 
continuous observation by experienced personnel.

 O In a high- dependency care unit, cardiac function should 
ideally be monitored by ECG to detect toxin- induced 
arrhythmias and autonomic instability.

TABLE 6.1.L.1 Guide to tetanus prophylaxis in routine wound management in children

History of absorbed tetanus toxoid (doses) Clean, minor wounds All other woundsa

Td or Tdapb HTIGc Td or Tdapb HTIGc

Less than 3 or unknown Yes No Yes Yes

3 or mored Noe No Nof No

Td = adult- type diphtheria and tetanus toxoid vaccine, Tdap = booster tetanus toxoid, reduced diphtheria toxoid and acellular 
pertussis, HTIG = human tetanus immune globulin.
a Such as, but not limited to, wounds contaminated with dirt, faeces, soil and saliva, as well as puncture wounds, avulsions, and 
wounds resulting from missiles, crushing, burns and frostbite.
b Tdap is preferred to Td vaccine for adolescents who never have received Tdap vaccine. Td is preferred to tetanus toxoid (TT) vaccine 
for adolescents who have received Tdap vaccine previously, or when Tdap vaccine is not available.
c Immune globulin intravenous should be used when HTIG is not available.
d If only three doses of fl uid toxoid have been received, a fourth dose of toxoid, preferably an adsorbed toxoid, should be given. 
Although licensed, fl uid tetanus toxoid rarely is used.
e Yes, if 10 years or more have elapsed since the last tetanus- containing vaccine dose.
f Yes, if 5 years or more have elapsed since the last tetanus- containing vaccine dose. More frequent boosters are not needed, and can 

accentuate adverse effects.
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 O High- dependency care of severe cases of tetanus may 
be necessary for up to 3–4 weeks.

It is important to realise that the child/baby has unim-
paired consciousness and is aware of what is taking place. 
Prescribe regular and frequent analgesia, as antispasmod-
ics alone do not prevent the suffering resulting from painful 
spasms or painful procedures. The spasms are also very 
frightening and distressing for the parents.

Rigidity will take longer to resolve than the spasms. 

Monitoring
Only absolutely essential blood tests should be performed, 
to avoid precipitating spasms.

 O Glucose, urea and electrolytes.
 O A chart of the occurrence of spasms can be helpful.
 O Cardiac monitoring.
 O Pulse oximetry.
 O Fluid input/output.
 O Calorifi c intake.

Prognosis
The prognosis for neonatal tetanus is poor, especially with a 
short incubation period (< 7 days) or with rapid evolution of 
symptoms. Pyrexia, tachycardia and frequent spasms (> 20 
spasms in 24 hours) also indicates a poor prognosis. Quality 
of nursing care and the availability of high- dependency 
care facilities greatly affect the outcome, and where 
these facilities are available mortality may be as low 
as 20%.

In children who survive neonatal tetanus, motor 
diffi culties may be permanently present. Older children 
may have muscle weakness and atrophy, and diffi culties 
with speech, balance and memory.

Prevention
Every child should receive tetanus vaccine according to the 
expanded programme of immunisation (EPI). All pregnant 
women should receive two doses antenatally, as this will 
protect the baby for the fi rst 4–6 months of age. 

Tetanus toxoid should be given, combined with diphthe-
ria and pertussis, to infants according to national schedules. 
Note that both HIV infection and placental malaria reduce 
the transplacental transfer of anti- tetanus antibodies in 
utero. Sterile handling of the umbilical cords by midwives 
or appropriately trained traditional birth attendants should 
also reduce the incidence of neonatal tetanus. Sterilisation 
of hospital supplies will prevent the rare instances of tetanus 
that may occur in a hospital from contaminated sutures, 
instruments or plaster casts.

A booster tetanus toxoid vaccine with or without teta-
nus immune globulin (TIG) in the management of wounds 
depends on the nature of the wound and the history of 
immunisation with tetanus toxoid (see Table 6.1.L.1). 

Further reading
World Health Organization (2014) Immunisation Surveillance, 

Assessment and Monitoring.
www.who.int/immunization_monitoring/diseases/tetanus/en/

6.1.M Trachoma

BOX 6.1.M.1 Minimum standards
 Q Bilamellar tarsal rotation.
 Q Oral azithromycin.
 Q Ocular tetracycline.
 Q The WHO SAFE strategy: Surgery for trichiasis, 

Antibiotics to clear infection, and Facial cleanliness 
and Environmental improvement.

Introduction
Trachoma is the most common infectious cause of blindness 
worldwide. It is caused by Chlamydia trachomatis, certain 
serotypes of which preferentially infect the conjunctival 
epithelium. The organism is transmitted from person to 
person by direct contact, fomites (objects capable of car-
rying infectious organisms), and eye- seeking fl ies. Disease 
clusters in families; the greatest risk factor for infection is 
sharing a bedroom with an active case. Repeated episodes 
of infection over many years cause an accumulation of 
scar tissue in the tarsal plate and tarsal conjunctivae of the 
upper lids. Contraction of the scar may produce trichiasis 
and/or entropion, and the resulting corneal abrasion by 
in- turned lashes leads to corneal scarring. This eventually 
causes blindness. In paediatric practice in endemic areas, 
active trachoma is seen frequently. Blinding complications 
may start to appear in the second and third decades of life.

Clinical features
These are best presented using the framework of the 
WHO simplifi ed clinical grading system. Examination for 
trachoma involves inspection of the lashes and cornea, 
followed by eversion of the upper eyelids to examine the 
tarsal conjunctivae (see Figure 6.1.M.1). A ×2.5 magnifying 
loupe and torch (or daylight) should be used. These tools 
are suffi cient to determine the presence or absence of signs 
that are considered in this grading scheme. Each eye is 
graded separately.

Trachomatous inflammation – follicular (TF): the 
presence of fi ve or more follicles at least 0.5 mm in diameter 
in the central part of the upper tarsal conjunctiva. Follicles 
appear as white or yellow- grey semitransparent patches or 
swellings beneath the conjunctiva. Fewer than fi ve follicles, 
or follicles at the nasal or temporal margin, may be normal.

Trachomatous inflammation – intense (TI): pro-
nounced inflammatory thickening of the upper tarsal 
conjunctiva obscuring more than half of the normal deep 
tarsal blood vessels.

TF and TI are both forms of ‘active trachoma’; they 
are associated with infection with Chlamydia trachomatis, 
although not all infected individuals exhibit these signs, 
and not all individuals with these signs are infected. 
Patients with active trachoma may be asymptomatic or 
complain of irritable red eyes or a whitish discharge. 
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Trachomatous scarring (TS): the presence of easily 
visible scars in the tarsal conjunctiva. Scars appear as white 
bands, lines, or sheets. TS is the result of repeated cycles 
of infl ammation and resolution over many years and itself 
is virtually asymptomatic, although scarring of eyelid glands 
may produce symptoms of dry eye.

Trachomatous trichiasis (TT): at least one eyelash 
rubs on the eyeball, or there is evidence of recent removal 
of in- turned eyelashes. TT is intensely irritating to the suf-
ferer, and they may choose to pull out their eyelashes in an 
attempt to reduce the discomfort. There may be discharge 
from superadded bacterial infection of the abraded cornea. 
Except in hyperendemic areas, it is unusual to observe TT 
in children.

Corneal opacity (CO): easily visible corneal opacity 
over the pupil, so dense that at least part of the pupil margin 
is blurred when viewed through the opacity. Such corneal 
opacities cause signifi cant visual impairment.

It is important to remember that these grades are not 
mutually exclusive. A patient with active trachoma (TF 
and/or TI) may also show signs of the late complications 
of the disease.

There are other signs of trachoma that are not included 
in the simplifi ed grading scheme:

 O Papillae are often visible in individuals with active tra-
choma, but are not specifi c for trachoma. These are 
small elevations of the conjunctival surface that give the 
conjunctiva a velvety appearance. They are more easily 
seen using a slit lamp.

 O Fibrovascular connective tissue may grow inwards from 
the limbus to invade the anterior layers of the superior 
cornea in response to infection. The ingrowth is known 
as pannus. The new blood vessels may persist after 
resolution of infection.

 O Sometimes follicles are found under the bulbar con-
junctiva at the limbus as well as deep to the tarsal 
conjunctiva. Scarring of limbal follicles may subsequently 
leave small depressions known as Herbert’s pits.

Treatment
For active trachoma (TF and/or TI), antibiotics are required. 
Topical tetracycline eye ointment 1% is effective when 
applied to both eyes twice daily for 6 weeks. A single dose 
of oral azithromycin (20 mg/kg, up to a maximum dose of 
1 gram) is just as effective, is better tolerated than topical 
tetracycline, and can be directly observed, so is associated 
with higher compliance rates.

Trichiasis or entropion requires surgical management to 
restore the margin of the eyelid to its normal position, so 
that contact between the lashes and globe is interrupted. 
Bilamellar tarsal rotation is the procedure currently recom-
mended by the World Health Organization; it is performed 
under local anaesthetic and can be undertaken at the village 
level by trained ophthalmic nurses or ophthalmic assistants.

Corneal opacity can theoretically be managed by cor-
neal graft. Unfortunately, few endemic countries have 
the resources to establish a transplant programme, and 
because of new vessel growth from the limbus and abnor-
malities of the tear fi lm in the trachomatous eye, the risk of 
graft rejection or failure is very high.

The identifi cation of signs of trachoma in an individual 
should prompt screening of other members of that individu-
al’s community. Antibiotic treatment of individuals presenting 

to healthcare facilities is unlikely to have any impact on the 
incidence of blindness from trachoma in the communi-
ties from which those individuals come. Comprehensive 
community- based management of trachoma is necessary 
wherever the prevalence of disease is high.

Prevention
Blindness from trachoma is preventable. The acronym 
SAFE has been adopted by the WHO and partners to 
encapsulate the recommended approach to controlling 
trachoma. It comprises Surgery for trichiasis, Antibiotics 
to clear infection, and Facial cleanliness and Environmental 

FIGURE 6.1.M.1 (a) Normal tarsal conjunctiva (×2 magnifi cation). 
The dotted line shows the area to be examined. (b) Trachomatous 
infl ammation – follicular (TF). (c) Trachomatous infl ammation – 
follicular and intense (TF + TI).
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improvement (provision of water and acceptable means for 
disposal of human faeces) to reduce transmission. Surgery 
should be offered to all individuals with trichiasis. The ‘A’, ‘F’ 
and ‘E’ components should be implemented district- wide 

wherever the prevalence of TF in 1-  to 9- year- olds is 10% 
or higher. The WHO plans to use the ‘SAFE’ strategy to 
achieve the elimination of trachoma as a public health 
problem by the year 2020. 

6.1.N Tuberculosis

BOX 6.1.N.1 Minimum standards
 Q All children with suspected TB should be tested for 

human immunodefi ciency virus (HIV).
 Q All children with HIV should have a chest X- ray to look 

for TB.
 Q Children who cannot expectorate spontaneously should 

have induced sputum or gastric aspirate.
 Q Specimens should be sent for both microscopy for 

acid- fast bacilli and TB culture or Xpert MTB/RIF test.
 Q Drug- resistant TB needs expert supervision.
 Q Tracing, screening and prophylaxis of contacts.

Introduction
The global incidence of tuberculosis (TB) has been falling 
since 2002. However, in 2009 there were still almost 10 mil-
lion children who were orphans as a result of parental deaths 
caused by TB. About 13% of TB cases occur among people 
living with HIV. India and China accounted for 40% of noti-
fi ed cases and Africa accounted for another 24%. Treatment 
for smear- positive pulmonary TB was 87% in 2009. 

Major factors in the global increase in tuberculosis since 
the mid- 1980s include the HIV pandemic, migration of 
people from countries with a high prevalence of tuberculosis 
to industrialised countries (particularly refugees), poverty, 
overcrowding and failure of investment in tuberculosis con-
trol programmes. Multi- drug resistance is a major concern.

Epidemiology
 O In low- income countries, the risk of developing infection 

is up to 2.5% per annum.
 O The age group at highest risk of developing disease 

is 0–5 years, with risk up to 30–40% (especially under 
1 year) and at puberty.

 O Spread is by untreated smear- positive adults who may 
infect up to 10–15 people per year.

 O Children are generally non- infectious, except for older 
children and adolescents with cavitatory TB.

 O Children with untreated tuberculosis contribute to the 
pool of adults with reactivated disease.

 O The WHO estimates that TB in children contributes to 
1.3 million annual cases (or 15%) in low- income coun-
tries and 450 000 deaths worldwide.

Factors that predispose tuberculosis- infected 
children to develop systemic disease

 O Age under 5 years, and especially under 1 year.
 O Household contact with smear- positive disease.
 O Malnutrition.
 O Tuberculosis infection in previous 2 years.
 O Immunosuppression, especially HIV infection.

Tuberculin skin test
 O The tuberculin skin test (TST), also called the Mantoux 

test, is useful for screening contacts. The TST is less 
useful for diagnosing active TB because a negative 
result does not exclude TB. If TB is clinically suspected, 
efforts should be made to collect diagnostic specimens, 
exclude other causes, and then treat if TB is the most 
likely diagnosis (do not treat as a diagnostic test).

 O Use either 5 TU of tuberculin (PPD- S) or the 2 TU of 
tuberculin (PPD RT2 3).

 O Inject tuberculin (PPD- S) intradermally into the upper 
third of the fl exor surface of the forearm with a 1- mL 
syringe and a short bevel gauge 25–27 needle pro-
ducing a wheal of at least 5 mm. Read the transverse 
diameter of induration at 48–72 hours. Regard induration 
of 0–5 mm as negative, 6–9 mm as indeterminate, and 
likely to be associated with environmental mycobacte-
ria, and 10 mm or more as indicative of infection with 
Mycobacteria tuberculosis, except in the child who has 
had BCG in the previous few years, when induration of 
15 mm is required.

 O In resource- limited countries where BCG is given at 
birth, most children will have a negative tuberculin test 
by 10 years of age, and thus an induration of 10 mm in 
children this age or older may be regarded as supportive 
of M. tuberculosis infection.

 O Negative or reduced response to tuberculin occurs in 
malnutrition, immunosuppression associated with HIV 
or other immunodefi ciency states, recent viral or some 
bacterial diseases such as pertussis, overwhelming 
tuberculosis and non- respiratory tuberculosis. Thus 
with these conditions an induration of 6–9 mm may be 
indicative of tuberculosis. 

 O Remember that a negative tuberculin does not exclude 
tuberculosis, and additional work- up may be warranted 
in any suspected child.

 O Tuberculin skin test interpretation must be undertaken 
bearing in mind the age, epidemiology and underlying 
illness, if any.

Serology
Antibody tests are inconsistent and imprecise. They do not 
improve outcomes for patients and should not be used. 
The WHO recently gave guidelines recommending against 
the use of serology tests for TB. It is the fi rst negative rec-
ommendation to be made by the WHO, describing it as 
‘inaccurate and useless’, after ‘overwhelming’ evidence 
that suggested it produced an ‘unacceptable level’ of 
false- positive or false- negative results.
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Pathogenesis
 O Inhalation of the tubercle bacillus into an alveolus estab-

lishes the primary (Ghon) focus. In the 4-  to 8- week 
period before the cell- mediated immune (CMI) response 
develops, there is spread to regional lymph nodes, and 
small numbers of bacilli disseminate throughout the 
body in the lympho- haematogenous system.

 O Certain organs favour survival of tubercle bacilli, includ-
ing regional nodes, epiphyseal lines of bones, cerebral 
cortex, renal parenchyma and apical regions of the lungs 
(Simon focus).

 O Establishment of an adequate CMI response (which 
coincides with the appearance of sensitisation to tuber-
culin) in most cases results in control or eradication of 
proliferating tubercle bacilli at these sites.

 O The primary focus is seldom detected on chest X- ray; 
enlarged hilar/paratracheal nodes or parenchymal com-
plications are the usual evidence of the primary complex.

 O Primary tuberculosis of the lung is usually a manifesta-
tion of lympho- bronchial disease, with local compression 
or erosion of the bronchi. Extrathoracic disease is due 
to local spread of disease at metastatic sites (e.g. lymph 
nodes, brain, bone, kidney and abdomen).

 O Dissemination of large numbers of tubercle bacilli may 
result in acute miliary disease or, less commonly, a 
chronic disseminated (cryptic) tuberculosis.

 O Erythema nodosum and phlyctenular conjunctivitis 
are hypersensitivity reactions which may occur during 
primary tuberculosis.

 O The risk of developing symptomatic disease following 
primary tuberculosis is highest (around 50%) in the fi rst 
1 to 2 years after infection and the rest in the individual’s 
lifetime.

Tuberculosis in adolescence
This may result from reactivation of a primary infection, 
exogenous infection, or both. There is a strong hypersen-
sitivity reaction in the lungs with local infi ltration and often 
cavity formation. Pulmonary lymph node enlargement and 
extra- thoracic dissemination is uncommon.

Clinical features 
In well- resourced countries, the majority of children with 
respiratory tuberculosis are asymptomatic and are picked 
up through contact tracing and will generally have early 
primary disease. In resource- limited countries, only children 
with symptomatic disease present, and they are therefore 
only ‘the tip of the iceberg’.

The following are some of the key features of tubercu-
losis in children:

 O Fever, cough, anorexia, weight loss, wheezing, night 
sweats and malaise are common.

 O Extrapulmonary disease may involve other tissues and 
organs, such as the central nervous system, lymph 
nodes and gastrointestinal tract.

 O Findings can include lung fi ndings (dull resonance) or 
involvement of other organs in extrapulmonary tubercu-
losis, such as hepatosplenomegaly, lymphadenopathy, 
mass, etc. (see Table 6.1.N.1).

HIV and tuberculosis
Children living with HIV who have poor weight gain, fever or 
current cough, or contact history with a TB case, may have 

TB and should be evaluated for TB and other conditions. 
If the evaluation shows no TB, children should be offered 
isoniazid preventive therapy (IPT) regardless of their age.

Children living with HIV who do not have poor weight 
gain, fever or current cough are unlikely to have active TB. 
Children living with HIV who are more than 12 months of 
age and who are unlikely to have active TB on symptom- 
based screening and have no contact with a TB case should 
receive 6 months of IPT (10 mg/kg/day, maximum 300 mg/
day) as part of a comprehensive package of HIV prevention 
and care services. 

With regard to children living with HIV who are less than 
12 months of age, only those who have contact with a TB 
case and who are evaluated for TB (using investigations) 
should receive 6 months of IPT if the evaluation shows 
no TB disease. All children living with HIV after successful 
completion of treatment for TB disease should receive 
isoniazid for an additional 6 months.

 O Features of tuberculosis in children with perinatally 
acquired HIV infection are not well defi ned.

 O Many HIV- infected infants probably succumb to bacterial 
infections and Pneumocystis jirovecii pneumonia before 
contracting tuberculous infection.

 O In older children, there is diffi culty in diagnosis due to 
the following reasons:

 — The tuberculin reaction is positive in only 20% of 
cases.

 — There is confusion with HIV- related respiratory 
disorders, including lymphocytic interstitial pneumo-
nitis (LIP), superimposed viral/bacterial infections, 
chronic interstitial pneumonitis, Kaposi’s sarcoma 
and bronchiectasis.

 — There is often a lack of facilities for culturing M. 
tuberculosis.

 O Atypical clinical and radiological features of TB are much 
more common in children with HIV with more severe and 
complicated disease.

 O HIV/tuberculosis co- infected children are more likely 
to develop disseminated tuberculosis and meningitis, 
have cavitary pulmonary disease and may have a poor 
response to treatment and a higher mortality if not 
started on ART.

TABLE 6.1.N.1 Typical features of common forms of extrapulmo-
nary TB in children

Type of 
extrapulmonary TB

Key clinical fi ndings

TB lymphadenitis 
(most common)

Enlargement and swelling of lymph 
nodes

Pleural/pericardial TB Cough and shortness of breath

TB meningitis Headache, vomiting, fever, neck 
stiffness, seizures, confusion and coma 

Miliary TB Very sick, respiratory distress, 
hepatosplenomegaly, diffuse 
lymphadenopathy

Gastrointestinal TB Abdominal pain, diarrhoea, mass or 
ascites

Spinal TB Backache with or without loss of 
function in lower limbs

TB arthritis Pain and swelling of joints (usually 
monoarthritis)
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 O Because of the diffi culty in confi rming tuberculosis in 
symptomatic HIV- infected children, many children prob-
ably receive unnecessary tuberculous chemotherapy.

 O Finger clubbing may be seen in chronic tuberculosis, 
and is common in HIV- related pulmonary disorders.

 O Standard 6- month chemotherapy is given in uncompli-
cated pulmonary tuberculosis.

Respiratory tuberculosis
 O Most respiratory tuberculosis results from complications 

of lympho- bronchial disease and includes segmen-
tal lesions, consolidation, collapse and obstructive 
emphysema.

 O In young children, small cavities may develop during the 
course of primary (especially progressive) tuberculosis, 
but they are classically seen in the adolescent period.

 O Large pleural effusions usually occur in older children 
and adolescents.

 O Radiological features of pulmonary tuberculosis may 
be atypical in HIV infection, other immunosuppressed 
states and/or malnutrition.

Pericarditis
Tuberculosis should be considered in all cases of pericardi-
tis. M. tuberculosis may be cultured from a pericardial tap 
in over 50% of the cases.

Lymph node disease
 O This may result from a focus in the upper lung fi elds or 

from haematogenous spread.
 O Diagnosis may be made by biopsy or fine- needle 

aspiration.
 O Swelling and softening of nodes may continue for 

months after treatment has been completed.
 O In well- resourced countries, environmental mycobacteria 

are now a far commoner cause of chronic granuloma-
tous disease of cervical lymph nodes than tuberculosis 
in indigenous young children.

Miliary tuberculosis
 O This is commonest in young children and in those 

who are immunosuppressed, usually occurring within 
3–12 months of primary infection.

 O Chest X- ray (except in the early stages) will demonstrate 
a ‘snowstorm’ or miliary appearance.

 O Meningitis is a common complication. Therefore a lum-
bar puncture should be performed in all cases. 

 O The WHO advises 9–12 months of anti- TB chemotherapy.

Meningitis
 O This is commonest in children under 5 years, and often 

occurs within 6 months of infection.
 O The onset is usually insidious and the diagnosis is often 

delayed. Late diagnosis is invariably complicated by 
neurological dysfunction or death.

 O Prolonged fever, irritability, headache, vomiting, mental 
status changes, visual symptoms, focal neurological 
defi cits or cranial nerve palsies, and seizure are some of 
the common presentations in children with tuberculous 
meningitis.

 O CSF: cell count is usually less than 500/mm3 and mainly 
lymphocytic, but polymorpho- neutrophils may be promi-
nent early on, which may cause confusion with partially 
treated bacterial meningitis. Protein levels are usually 

raised (0.8–4 grams/litre) and glucose levels are low. 
However, on admission CSF values may be within 
normal limits and lumbar puncture must be repeated if 
there is any doubt.

 O Brain imaging, such as CT or MRI (if available), 
should be undertaken at diagnosis and at 3–4 months, 
and at any time when there is neurological deteriora-
tion, to detect complications such as hydrocephalus 
and tuberculomata.

Management
 O A four- drug regimen in the upper range of drug doses 

is recommended for 2 months, followed by a two- drug 
regimen for 10 months in uncomplicated tuberculosis 
meningitis. It consists of the following four drugs given 
for fi rst 2 months:

 — H: isoniazid 20 mg/kg once daily orally, or by IM or 
slow IV injection; (maximum 300 mg daily) plus 

 — R: rifampicin 15–20 mg/kg once daily orally or by IV 
infusion over 2–3 hours; (maximum 600 mg daily) plus

 — Z; pyrazinamide 40 mg/kg once daily orally; (maxi-
mum 2 grams daily) plus

 — E: ethambutol 20 mg/kg once daily orally (maximum 
1.5 grams daily).

Thereafter, isoniazid plus rifampicin alone are continued 
for 10 months. The WHO also now advises 12 months of 
therapy, although shorter regimens have been shown to be 
adequate in some studies. 

Corticosteroids must be given in all cases with initiation 
of therapy. Dexamethasone 0.6 mg/kg/day in two divided 
doses or prednisolone 2–4 mg/kg/day is given for 4 weeks 
and tapered over 2 weeks for a total duration of 6 weeks. 

A ventriculo- peritoneal shunt may be required for 
obstructive hydrocephalus (if available).

Bone and joints
 O These are frequently missed in the early stages because 

of a low index of suspicion.
 O The spine is affected in 50% of the cases, followed by 

knee, hip and ankle. The most serious complication is 
spinal compression.

 O The diagnosis is made by histology, Ziehl–Neelsen (ZN) 
stain and mycobacterial culture of tissue that may be 
positive, and if in doubt specimens should be sent 
for polymerase chain reaction (PCR).

 O The WHO advises the standard 12 months of anti-
 TB chemotherapy, similar to that for TB meningitis.

Abdominal tuberculosis
 O This may present with ascites, abdominal nodes or 

masses, or diarrhoea with or without abdominal pain, 
or as gastrointestinal obstruction.

 O The diagnosis is usually made on bacteriological exami-
nation of ascitic fl uid or a biopsy.

 O The standard three-  to four- drug regimen is used for 
therapy for a total of 6–9 months in uncomplicated 
cases.

 O Ultrasound and CT or MRI (if available) may 
be required in evaluation and to detect any 
complications.

Perinatal tuberculosis
 O Congenital tuberculosis is rare but should always be 
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considered in sick neonates or infants, especially in 
areas where HIV/tuberculosis co- infection is common.

 O If a mother has completed tuberculosis chemotherapy 
during pregnancy or has inactive disease, her infant 
should be given BCG at birth. 

 O If she has active disease or is still requiring treatment, 
the infant should be given isoniazid 10 mg/kg once daily 
for 3–6 months. 

 O Once the mother and infant are both on appropriate 
treatment, the infant may breastfeed unless the mother 
has multi- drug- resistant TB. A tuberculin test and chest 
X- ray is then performed on the infant. If they are nega-
tive, BCG is given; if it is positive, full investigations for 
tuberculosis are undertaken. If no evidence of disease is 
detected, isoniazid is continued for another 3–4 months. 
If tuberculosis is suspected, full treatment with 4 drugs 
is given at standard doses (see Table 6.1.N.2 and 
Table 6.1.N.3 on management).

Danger signs for TB
 O Suspicion of tuberculous meningitis.
 O Extensive pulmonary or miliary TB.
 O TB in an infant or a child with HIV. 
 O Symptoms and signs such as seizures, coma, severe 

respiratory distress, gastrointestinal obstruction or 
severe malnutrition.

Diagnosis of TB
Diagnosis depends on eliciting key points that may increase 
the yield of TB cases. A high index of suspicion in a child 
who has prolonged or unexplained illness should warrant 
investigation for TB. Sputum or gastric aspirate for acid- fast 
bacilli (AFB) stain and culture should always be attempted. 

Standard methods for diagnosis are the tuberculin test 
and a chest X- ray. Even in resource- limited countries, every 
effort should be made to obtain a diagnostic specimen 
from gastric aspiration or sputum induction (see below). 
In poor communities the tuberculin test is often negative 
(or unavailable) and the chest X- ray might not be available, 
easy to interpret or have fi lms of good enough quality. Many 
children are often over- diagnosed, especially in areas with 
high HIV prevalence. 

TB infection is diagnosed using the tuberculin skin test. 
It is considered positive if there is Mantoux induration of 
* 10 mm in children who have not received BCG vaccination 
or * 15 mm in children who have received BCG recently. 
Interferon- gamma release assays (IGRA) detect latent and 
active infection but cannot differentiate between the two. 
They may be positive in some cases of HIV infection and 
malnutrition when the tuberculin test is negative, but in these 
circumstances there is also a higher rate of false- negative 
IGRA results. However, they are currently too expensive 
for resource- limited countries, and their routine use is not 
advised by the WHO.

Key features suggestive of pulmonary TB
Three or more of the following should strongly suggest a 
diagnosis of TB:

 O chronic symptoms suggestive of TB (prolonged fever, 
cough, night sweats weight loss)

 O physical signs suggestive of TB (chronic lymphadenopa-
thy, abdominal mass, gibbus or monoarthritis)

 O a positive tuberculin skin test (induration > 10 mm)
 O chest X- ray suggestive of TB (hilar adenopathy, cavita-

tion, pleural effusion, infi ltrate; see below for pictures).

Investigations
 O Tuberculin test > 10 mm or > 5 mm in malnutrition or HIV.
 O Chest X- ray: lymphadenopathy, collapse/consolidation 

with or without persistent opacity, cavitation, miliary 
appearance.

 O Histology: lymph node or other tissue biopsy.
 O Smear/culture: gastric aspirate, induced sputum, naso-

pharyngeal aspirate, laryngeal swab, bronchoscopy or 
body fl uids.

 O Ultrasound: chest, abdomen, lymph nodes, pericardium 
and brain.

 O CT or MRI (if available).
 O HIV antibody tests (if relevant).

Except in adolescents with cavitary disease, most 
tuberculosis in children is paucibacillary (low number of 
mycobacteria). Young children cannot expectorate.

Tuberculosis may be evident on chest X- ray, especially 
in older children.

 O Gastric aspiration should be undertaken in the early 
morning while the child is lying down. Ziehl–Neelsen 
(ZN) staining of gastric aspirate is positive in only about 
10% of children with advanced pulmonary tuberculosis, 
and culture is positive, under optimal conditions, in only 
30–50% of cases.

 O Alternative methods are sputum induction using nebu-
lised 3% hypertonic saline, nasopharyngeal aspiration 
and laryngeal swabs. None of these has a sensitivity 
of more than 25–30%. Sputum induction requires a 
nebuliser and appropriate equipment, and must be 
undertaken in a room with adequate ventilation.

 O The polymerase chain reaction (PCR) on histo-
logical specimens may be useful if the ZN stain 
is negative. In CSF it has similar sensitivity (around 
50%) to culture. It is reserved for special cases where 
an urgent diagnosis is required.

 O Young children, especially those who are sick, malnour-
ished or deteriorating, or where tuberculous meningitis 
is suspected, should be considered for treatment even 
though investigations are inconclusive. In other cases 
with pulmonary disease where the diagnosis is not clear, 
a course of appropriate antibiotics should be given for 
7–10 days and the chest X- ray repeated after 2 weeks 
or so. If there is no improvement or deterioration, a 
full course of anti- tuberculosis chemotherapy may be 
given and progress carefully monitored to document 
the response. If the tuberculin test is negative initially it 
should be repeated after 3 months, when the patient’s 
immune system has normalised, and it may become 
reactive at that time.

 O Increase in weight (measured daily or weekly) and loss 
of fever (measured twice daily) indicate a response to 
treatment. If treatment is given for suspected rather than 
proven tuberculosis, and no resolution or improvement 
in symptoms occurs within 4 weeks, this suggests that 
tuberculosis is unlikely. However, the course should 
still be completed and an alternative diagnosis sought, 
such as drug- resistant tuberculosis, fungal infection or 
malignancy.
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Xpert MTB/RIF test
The Xpert MTB/RIF is a test for rapid diagnosis of TB 
and drug- resistant TB. It is a TB- specific automated, 
cartridge- based nucleic amplifi cation assay, and it detects 
Mycobacterium tuberculosis, as well as mutations confer-
ring resistance to rifampicin, directly from sputum in an 
assay that provides results within 100 minutes. 

Results from fi eld demonstration studies found that 
a single Xpert MTB/RIF test can detect TB in 99% of 
patients with smear- positive pulmonary TB and more than 
80% of patients with smear- negative pulmonary TB. The 
co- existence of HIV does not signifi cantly affect the perfor-
mance of Xpert MTB/RIF. 

Furthermore, Xpert MTB/RIF can detect rifampicin 
resistance with 95.1% sensitivity and exclude resistance 
with 98.4% specifi city. The WHO endorsed the Xpert MTB/
RIF assay in December 2010. It should be used as the initial 
test in individuals with suspected multi- drug- resistant TB 
(MDR- TB) or HIV/TB. It may be used as a follow- on test to 
microscopy where MDR- TB and/or HIV is of lesser concern, 
especially in smear- negative specimens. It is effective in 
children where sputum may need to be obtained by induc-
tion via nasopharyngeal aspirate after salbutamol and then 
saline nebuliser. 

Management of TB in children
With the exception of CNS and osteo- articular disease (see 
below), both pulmonary and extra- pulmonary tuberculosis 
may be treated with standard 6- month chemotherapy. 
The standard treatment regimen for all patients with drug- 
susceptible, uncomplicated TB is made up of an intensive 
phase lasting 2 months and a continuation phase lasting 
4 months. During the intensive phase 4 drugs (isoniazid, 
rifampicin, pyrazinamide, and ethambutol) are used to 
rapidly kill the tubercle bacilli. Infectious patients become 
less infectious within approximately 10–14 days of starting 
treatment and symptoms abate. In the continuation phase, 
2 drugs (isoniazid, rifampicin) are used, over a period of 
4 months. 

For non- HIV- infected children with a low risk of isoniazid 
resistance, ethambutol can be omitted. Ethambutol should 
not be given in a dose higher than 20 mg/kg/day to chil-
dren under 5 years, as they may be unable to report visual 
disturbance associated with optic neuritis.

Thiacetazone is no longer used as a first- line drug. 
Thiacetazone may cause severe reactions in HIV- infected 
patients. 

Presently DOTS (directly observed treatment, short 
course) is not generally practised for children, as it is 
assumed that parents will supervise treatment, but where 
DOTS is practised in the community it may be appropriate 
to include children. 

During the continuation phase of treatment, thrice- 
weekly regimens can be considered for children known to 
be HIV- uninfected and living in an area of low HIV prevalence 
and settings with well- established directly- observed therapy 
(DOT). However, our advice is that in low resource settings, 
all children with TB should be treated with daily regimes (for 
dosage see Table 6.1.N.4).

For central nervous system and osteo- articular disease, 
the continuation phase should be 10 months (total duration 
12 months).

Adverse reactions to tuberculosis chemotherapy are 
uncommon and if they occur it is usually within 6–8 weeks of 
starting treatment. Liver transaminases may increase two-  
to threefold during treatment with isoniazid and rifampicin, 
but drug therapy may be continued if there is no jaundice 
or symptoms of liver toxicity (e.g. nausea, vomiting, malaise 
or liver tenderness). Viral hepatitis (especially hepatitis A) 
should be considered if jaundice occurs. Adjunct treatment 
with corticosteroids in meningitis is indicated at initiation of 
therapy (see above) and may enhance resolution of disease 
in lympho- bronchial disease, pericarditis, pleural effusion 
and severe miliary disease with alveolar capillary block. 
Prednisolone 1.5–2.0 mg/kg/day is given for 2–3 weeks and 
then tailed off over 2 weeks (see treatment of meningitis). 

Follow- up
All children who are started on anti- tuberculous therapy 
must be followed closely, preferably every month. Clinical, 
radiologic and mycobacteriologic improvement and adverse 
effects of drugs must be monitored. In children, weight gain 
and resolution of signs and symptoms are indicators of a 
good response to treatment. Routine laboratory tests such 
as liver function tests and X- rays are rarely needed in chil-
dren. Those children with severe disease, poor response, 

TABLE 6.1.N.3 Summary of treatment of pulmonary or peripheral 
lymph node TB

Area of low HIV prevalence 
with low levels of isoniazid 
resistance and child 
HIV- negative

2- month intensive phase 
Isoniazid

Rifampicin

Pyrazinamide

4- month continuation phase 
Isoniazid 

Rifampicin

Area of high HIV prevalence 
or high levels of isoniazid 
resistance or extensive 
pulmonary disease

2- month intensive phase 
Isoniazid

Rifampicin

Pyrazinamide

Ethambutol

4- month continuation phase 
Isoniazid 

Rifampicin

TABLE 6.1.N.2 Regimens for treatment of uncomplicated suscep-
tible pulmonary tuberculosis

Regimen Total duration

Standard daily

Isoniazid, rifampicin, pyrazinamide 
ethambutol* for 2 months, then 

isoniazid, rifampicin for 4 months†

6 months

Intermittent three times weekly

Isoniazid, rifampicin, pyrazinamide, 
ethambutol for 2 months, then 

isoniazid, rifampicin three times weekly for 
4 months

6 months

* In HIV- uninfected children with a low risk of isoniazid 
resistance, ethambutol can be omitted.
† For central nervous system and osteo- articular disease, 
the continuation phase should be 10 months (total duration 
12 months).
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unusual presentations or suspected resistant TB must be 
referred to an expert.

Multi- drug- resistant TB (MDR- TB) and 
extreme- drug- resistant TB (XDR- TB)
Rapid drug susceptibility testing of isoniazid and rifampicin 
should be done at the time of diagnosis (if available). After 
treatment is started for MDR- TB, further sputum (induced 
or gastric aspirate) should be obtained monthly to ensure 
successful treatment. An expert in the management of 
paediatric TB must be involved in choosing the optimal 
regimen for a child with drug- resistant TB.

Fluoroquinolones may be used in treatment of MDR- TB 
in children. Theoretical concerns about cartilage damage 
from early trials in young dogs have not been evident in 
children, and these are far outweighed by the benefi ts in 
treatment of TB. Later- generation fl uoroquinolones (see 
below) are more effective than earlier ones. Four second- line 
anti- tuberculous drugs should be used and the inten-
sive phase should include ethionamide or prothionamide, 
pyrazinamide, a parenteral agent, and cycloserine (or para- 
aminosalicylic acid (PAS) if cycloserine cannot be used). 

The intensive phase should be at least 8 months and 
the total duration at least 20 months if there was no previ-
ous MDR- TB treatment. The continuation phase is usually 
given as the same oral drugs while stopping the injectable 
drugs. In children with HIV and MDR- TB, antiretrovirals 
should be started as soon as possible following initiation 

of anti- tuberculous therapy, irrespective of CD4 count. The 
preferred regimen is zidovudine, lamivudine and efavirenz, 
but if already on antiretrovirals, continue the same regi-
men. Co- trimoxazole should be added for pneumocystis 
prophylaxis. 

Treatment should be ambulatory rather than in hospital 
as much as possible. 

Groups of second- line anti- tuberculosis 
agents 
Second- line parenteral agent (injectable anti- 
tuberculosis drugs)

 O Kanamycin (Km), 15–30 mg/kg/day (maximum 1000 mg).
 O Capreomycin (Cm), 15–30 mg/kg/day (maximum 

1000 mg).
 O Streptomycin (S) 15–20 mg/kg/day (maximum 1.0 gram).

Fluoroquinolones 
 O Levofloxacin (Lfx), 15–25 mg/kg/day (maximum 

1000 mg).
 O Moxifloxacin (Mfx), 7.5–10 mg/kg/day (maximum 

400 mg).
 O Ofl oxacin (Ofx), 15–20 mg/kg/day (maximum 800 mg).

Oral bacteriostatic second- line anti- 
tuberculosis drugs

 O Ethionamide (Eto), 15–20 mg/kg/day (maximum 
1000 mg).

 O Cycloserine (Cs), 10–20 mg/kg/day (maximum 1000 mg).

TABLE 6.1.N.4 Daily dosage schedule for anti- tuberculous drugs and side effects

Drug Children: once daily dose Adolescents under 
50 kg: once daily 
dose

Adolescents over 
50 kg: once daily 
dose

Side effects

Isoniazid daily 10 mg/kg range 7–15 mg/kg

Maximum 300 mg

15–20 mg/kg for meningitis

5 mg/kg

Maximum 300 mg

5 mg/kg

Maximum 300 mg

Hepatic enzyme elevation, 
hepatitis, peripheral neuropathy, 
hypersensitivity

Rifampicin 15 mg/kg range 10–20 mg/kg 

Maximum 600 mg

15–20 mg/kg in meningitis

10 mg/kg

Maximum 600 mg

10 mg/kg

Maximum 600 mg

Orange discoloration of urine and 
secretions (and contact lenses), 
nausea, vomiting, hepatitis, febrile 
reactions, thrombocytopenia 

Pyrazinamide 35 mg/kg range 30–40 mg/kg

40 mg/kg in meningitis

25 mg/kg 

Maximum 1.5 gram

25 mg/kg 

Maximum 2.0 gram

Hepatotoxicity, hyperuricaemia, 
gastrointestinal upset, arthralgia, 
skin rash

Ethambutol 20 mg/kg range 15–25 mg/kg

20 mg/kg in meningitis

15 mg/kg 

Maximum 2.5 grams

15 mg/kg 

Maximum 2.5 grams

Optic neuritis, skin rash

Higher range of isoniazid applies to young children. Use mean dosage and round up rather than round down when prescribing except 
when prescribing ethambutol.

TABLE 6.1.N.5 Three times weekly dosage schedule for anti- tuberculous drugs (from the WHO)

Drug Children: three times weekly 
dose given once daily

Adolescents under 50 kg: three 
times weekly dose given once daily

Adolescents over 50 kg: three times 
weekly dose given once daily

Isoniazid 20–40 mg/kg

Maximum 900 mg 

10 mg/kg

Maximum 900 mg

10 mg/kg

Maximum 900 mg

Rifampicin 10–20 mg/kg

Maximum 600 mg

10–20 mg/kg

Maximum 600 mg

10 mg/kg

Maximum 600 mg

Pyrazinamide 50–70 mg/kg

Maximum 3 gram

35 mg/kg

Maximum 3 gram

35 mg/kg

Maximum 2.5 gram

Ethambutol 25–30 mg/ kg 25–30 mg/kg 25–35 mg/kg
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 O Terizidone (Trd), 10–20 mg/kg/day (maximum 1000 mg).
 O p- aminosalicylic acid (PAS), 150 mg/kg/day (maximum 

8 grams (PASER)).

Prevention of TB
 O Diagnosis and treatment of ‘smear- positive’ tuberculosis 

in adults combined with contact tracing is the key to 
prevention of childhood tuberculosis.

 O Tuberculin- positive children with normal chest X- rays 
should be given prophylaxis, either isoniazid (10 mg/kg/
day, maximum dose 300 microgram) alone for 6 months 
or in low- incidence countries, isoniazid and rifampicin 
for 3 months. The age limit for prophylactic therapy 
depends on national policy, for example, under 5 years 
in low- income countries as per WHO recommendations. 

 O HIV- infected infants and children exposed to tuber-
culosis infection but without active disease should 

receive isoniazid prophylaxis as described above. The 
WHO advises that HIV- infected children over 1 year 
old who are unlikely to have tuberculosis, even in the 
absence of exposure to tuberculosis, should receive a 
routine course of isoniazid for 6 months. There must 
be facilities for investigation of tuberculosis and regular 
follow- up. However, a recent double- blind, randomised, 
placebo- controlled trial (see Further reading below) of 
pre- exposure isoniazid prophylaxis against tuberculosis 
showed that this does not work for primary prophylaxis. 
It did not improve tuberculosis- disease- free survival 
among HIV- infected children or tuberculosis- infection- 
free survival among HIV- uninfected children immunised 
with BCG vaccine.

 O Neonatal BCG may reduce the risk of tuberculosis 
meningitis and disseminated disease by 60–80%, espe-
cially in children under 5 years of age. However, it has 
a limited effi cacy against pulmonary disease. Because 
of the increased risk of disseminated BCG infection in 
HIV- infected infants, the WHO advises that all infants 
known to be HIV- infected should not receive BCG. 
However, this has practical implications in resource- 
limited countries where PCR is not usually available to 
detect HIV infection in infants under 18 months of age. 
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6.1.O Typhoid or paratyphoid

BOX 6.1.O.1 Minimum standards 
 Q Blood culture and full blood count.
 Q Antibiotics: chloramphenicol, amoxicillin, ceftriaxone, 

ciprofl oxacin.
 Q Public health measures.
 Q Sanitation, hygiene and preventive vaccines.

Typhoid
Epidemiology
Despite major advances in public health and hygiene in 
much of the developed world, typhoid fever continues to 
plague many resource- limited countries. Although accurate 
community- based fi gures are unavailable, it is estimated 
that over 30 million cases occur annually, with the vast 
majority of cases in Asia leading to an estimated 200 000 

TABLE 6.1.N.6 Recommended anti- tuberculous drugs according 
to resistance pattern of TB culture from list above

Resistance pattern Change to:

Pan- susceptible Category 1 (HREZ)

(Isoniazid: H

Rifampicin: R

Ethambutol: E

Pyrazinamide: Z)

H (with or without 
Streptomycin (S))

R – E – Z (6–9 months)

Polyresistant but not 
MDR

Continue the empirical second- line 
regimen.

Consult with a specialist. Patient may 
require a combination of fi rst-  and 
second- line drugs

HR 

HRE

Z – 

S – Lfx – Eto – Cs – PAS

HREZ S – Lfx – Eto – Cs – PAS 

HRS

HRES 

HREZS

Km – Lfx – Eto – Cs – PAS

Resistance to any 
second- line drug

Continue the empirical second- line 
regimen.

Consult with a specialist
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deaths. Population- based incidence rates are estimated at 
500–1000 cases per 100 000 population in endemic areas. 
However, there is a paucity of information from Africa, and 
preliminary data indicate that the burden in Africa, in urban 
settings, may also not be far behind that of Asia.

In recent years, typhoid fever has been notable 
for the emergence of drug resistance. The first cases 
of chloramphenicol- resistant typhoid emerged in the 
early 1970s, followed by the emergence of multi- drug- 
resistant (MDR) typhoid in the mid- 1980s. This organism is 
resistant to ampicillin, chloramphenicol and trimethoprim- 
sulphamethoxazole (co- trimoxazole)). Over the last few 
years, however, the development of quinolone and third- 
generation cephalosporin resistance in Salmonella typhi 
from various parts of Asia has raised the extremely worrying 
prospect of a ‘super- resistant’ variant of typhoid in addition.

In contrast to classic descriptions of milder disease, 
because of increasing drug resistance in Salmonella para-
typhi, paratyphoid fever is now of comparable severity and 
virulence to typhoid fever. Both types of illness will therefore 
be described.

FIGURE 6.1.O.1 The pathogenesis of typhoid.

Pathogenesis
The disease is spread by the ingestion of a Gram- negative 
flagellar organism, Salmonella enterica serovar Typhi 
(S. typhi ). A larger infecting dose leads to a shorter incu-
bation period and a more severe infection.

The organism crosses the intestinal mucosal barrier 
after attachment to the microvilli by an intricate mecha-
nism involving membrane ruffl ing, actin rearrangement 
and internalisation in an intracellular vacuole. Once inside 
the intestinal cells, S. typhi bacteria fi nd their way into 
the circulation and reside within the macrophages of the 
reticulo- endothelial system.

The clinical syndrome is produced by the release of pro-
infl ammatory cytokines (the interleukins IL- 6 and IL- 13 and 
tumour necrosis factor- _, TNF- _) from the infected cells, 
leading to fever, rigors, inanition (the exhausted condition 
that results from lack of food and water) and anorexia. Local 
effects such as intestinal haemorrhage and perforation are 
comparatively rare in childhood, as there is relative lymphoid 
hyperplasia of the intestinal wall. However, malnourished 
children, especially adolescents, may be at greater risk of 
these complications.

Clinical features
The classic stepladder rise of fever is relatively rare in 
childhood. Much of the presentation of typhoid fever in 

various geographical locations and populations is modi-
fi ed by coexisting morbidities and early administration of 
antibiotics. In malaria- endemic areas and in parts of the 
world where schistosomiasis is common, the presentation 
of typhoid may also be atypical. Data in Table 6.1.O.1 from 
a consecutive series of 2000 cases show the common 
clinical features of typhoid in endemic areas.

Although data from South America and parts of Africa sug-
gest that typhoid may present as a mild illness in young 
children, this may vary in different parts of the world. There 
is emerging evidence from South Asia from both com-
munity and health facility settings that the presentation of 
typhoid may be more dramatic in children under 5 years 
of age, with comparatively higher rates of complications 
and hospitalisation. Diarrhoea, toxicity and complications 
such as disseminated intravascular complications are also 
more common in infancy, with higher case- fatality rates. 
However, some of the other features of typhoid fever seen 
in adults, such as relative bradycardia, are rare, and rose 
spots may only be visible at an early stage of the illness in 
fair- skinned children.

It must also be recognised that MDR typhoid appears to 
be a more severe clinical illness with higher rates of toxicity, 
complications and case- fatality rates. This appears to be a 
consistent fi nding and potentially related to the increased 
virulence of MDR S. typhi as well as higher rates of bacte-
raemia. In endemic areas, therefore, it may be prudent to 
treat all severely ill toxic children, especially those requiring 
hospitalisation, with second- line antibiotics.

Acute perforation of the intestine with haemorrhage and 
peritonitis can occur. This presents with severe abdominal 
pain, vomiting, abdominal tenderness, severe pallor and 
shock. An abscess may form together with enlargement of 
the liver and spleen. Management of peritonitis is described 
in Section 5.19.

TABLE 6.1.O.1 Common clinical features of typhoid fever in child-
hood (Karachi, Pakistan)

High- grade fever 95%

Coated tongue 76%

Anorexia 70%

Vomiting 39%

Hepatomegaly 37%

Diarrhoea 36%

Toxicity 29%

Abdominal pain 21%

Pallor 20%

Splenomegaly 17%

Constipation 7%

Headache 4%

Jaundice 2%

Obtundation (reduced alertness) 2%

Ileus 1%

Intestinal perforation 0.5%
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Diagnosis of typhoid
The sensitivity of blood cultures in diagnosing typhoid fever 
in many parts of the developing world is limited, as micro-
biological facilities may be basic, and widespread antibiotic 
prescribing may render bacteriological confi rmation diffi cult. 
Although bone marrow and duodenal fl uid cultures may 
increase the likelihood of bacteriological confi rmation of 
typhoid, these are diffi cult to obtain and they are invasive.

The serological diagnosis of typhoid is also fraught with 
problems, as a single Widal test may be positive in only 50% 
of cases in endemic areas, and serial tests may be required 
in cases presenting in the fi rst week of illness. Newer sero-
logical tests such as a dot- ELISA, co- agglutination 
and the Tubex® are promising, but are comparatively 
expensive, may not be effective in primary care settings 
and have yet to fi nd widespread acceptability.

The mainstay of diagnosis of typhoid in endemic areas 
therefore remains clinical. Thus any high- grade fever of 
more than 72 hours’ duration associated with any of the 
above- mentioned features, especially with no localising 
upper respiratory signs or meningitis or malaria, must be 
suspected as typhoid and managed accord ingly. While leu-
copenia (white blood cell count < 4 × 109/litre) with a left 
shift in neutrophils may be seen in a third of children, young 
infants may also commonly present with a leucocytosis.

Typhoid treatment
Making an early diagnosis of typhoid fever and instituting 
appropriate supportive measures and specifi c antibiotic 
therapy is the key to the appropriate management of 
typhoid fever. The following are the important principles 
of management:

 O Adequate rest, hydration and attention to correction of 
fl uid- electrolyte imbalance.

 O Antipyretic therapy (paracetamol) as required if fever 
is > 39°C.

 O A soft, easily digestible diet should be continued unless 
the child has abdominal distension or ileus.

 O Regular monitoring for clinical recovery and potential 
complications.

 O Antibiotic therapy: the right choice, dosage and duration 
are critical to curing typhoid with minimal complica-
tions. Traditional therapy with either chloramphenicol 
or amoxicillin is associated with relapse rates of 5–15% 
and 4–8%, respectively.

 O If drug resistance is not locally a problem, start with 
oral chloramphenicol and/or oral amoxicillin/ampicillin 
(initially intravenous if vomiting). 

 O If drug resistance is prevalent, use cefi xime or ceftriax-
one or ciprofl oxacin (associated with higher cure rates).

Although epidemics are usually associated with a single 
dominant clone of S. typhi, in endemic situations there 
may be several coexistent strains of S. typhi, and a clinical 
judgement may need to be made when instituting antibiotic 
therapy before culture results become available. This is par-
ticularly important as delay in the institution of appropriate 
second- line antibiotic therapy in resistant cases of typhoid 
leads to a signifi cant increase in morbidity and mortality. 
Despite the availability of newer orally administrable drugs 
such as quinolones and third- generation cephalosporins, 
blanket administration of these agents to all cases of sus-
pected typhoid is expensive and will only lead to the rapid 
development of further resistance.

Suspected typhoid fever

Second-line 
antibiotics

Oral ciprofloxacin
or

Oral azithromicin
or

Oral cefixime

Continue IV ceftriaxone
Add IV imipenem

First-line antibiotics
Oral chloramphenicol 

or
Oral amoxicillin 

or
IV ampicillin

Culture-proven MDR typhoid
Therapy with first-line antibiotics for > 72 hours 

with no improvement

Poor response by 72 
hours of therapy

Poor clinical response by 72 hours 
of therapy
Consider overall status, not fever 
alone
Cultures indicating MDR typhoid

Culture-proven sensitive typhoid
No prior therapy and child not severely ill

IV ceftriaxone

Toxic and seriously ill
Not seriously ill

FIGURE 6.1.O.2 Algorithm for the treatment of typhoid. MDR, multi- drug- resistant.
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Given the recent evidence that MDR typhoid is a more 
severe clinical illness from the outset, the algorithm in 
Figure 6.1.O.2 may be acceptable for selection of antibiotics 
and management of typhoid.

Table 6.1.O.2 shows the main antibiotics that can be 
employed for the treatment of both sensitive and MDR 
infections with S. typhi.

Corticosteroids
In severely ill and toxic children with typhoid requiring hos-
pitalisation, past studies have shown that dexamethasone 
IV (0.5–1 mg/kg/day 8- hourly for up to six doses) may 
be life- saving in some contexts. However, avoid using 
steroids in ambulatory settings, as they mask abdominal 
complications and peritonitis.

Preventive measures for typhoid
The continued presence of typhoid in much of the develop-
ing world is an indication of the poor state of public health 
and sanitation. It is important therefore to be aware of the 
important risk factors for developing typhoid, in order to 
institute preventive measures during outbreaks.

There is some epidemiological evidence that prior 
usage of antibiotics is associated with an increased risk of 
subsequent development of typhoid. The precise reasons 
for this are unclear, but may be related to alterations in 
intestinal fl ora, increasing the predisposition to colonisa-
tion and infection with pathogenic strains of S. typhi. Thus 
controlling indiscriminate use of antibiotics may not only 
reduce the emergence of drug- resistant strains, but also 
reduce the risk of development of typhoid.

Of the major risk factors for outbreaks of typhoid, 
contamination of water supplies with sewage is the most 
important. Therefore during outbreaks a combination of 
central chlorination and domestic water purification is 

important. In endemic situations, consumption of street 
foods, especially ice cream and cut fruit, has been recog-
nised as an important risk factor. The human- to- human 
spread by chronic carriers is also important, and attempts 
should therefore be made to target food handlers and 
high- risk groups for S. typhi carriage screening. There is 
an urgent need to defi ne the extent of carriage among food 
handlers in areas of high burden. 

Of the available vaccines against typhoid, the classic 
heat- inactivated whole- cell vaccine is associated with an 
unacceptably high rate of side effects and is no longer in 
use. There are two newer vaccines which offer protection in 
older school- age children, but these are not recommended 
for use in children under 2 years of age:

 O The Vi polysaccharide (Vi- CPS) vaccine can be admin-
istered in two doses at any stage, and has a 60–70% 
protective effi cacy for at least 5 years. Recent large- scale 
demonstration projects in South Asia indicate that the 
Vi- CPS vaccine has considerable potential for use in 
school- age populations. The protective effi cacy in chil-
dren under 5 years of age has varied between studies. 

 O The oral attenuated ty- 21a vaccine has also been evalu-
ated and found to be comparably effective. However, 
it is generally available in capsule form and therefore 
diffi cult to administer to young children, especially those 
of preschool age.

Given the high rates and morbidity of typhoid in young 
children, there is a clear need for the development of a 
Vi- conjugate vaccine, which could be potentially employed 
within the Extended Programme of Immunisation vaccina-
tion schedule. Studies in Vietnam confi rm the protective 
effi cacy of such candidate vaccines, and several candidates 
are in an advanced stage of clinical development.

TABLE 6.1.O.2 Antibiotics in S. typhi infections

Drug Route Dose (frequency) Duration (days)

Chloramphenicol Oral 60–75 mg/kg/day (6- hourly) 14 days

Ampicillin/amoxicillin IV/oral 100 mg/kg/day (6-  to 8- hourly) 14 days

Ciprofl oxacin Oral/IV 20–30 mg/kg/day (12- hourly) 7–10 days

Gatifl oxacin Oral 10 mg/kg/day (once daily) 7 days

Ceftriaxone IV/IM 65–100 mg/kg/day (once daily) 7–14 days

Cefi xime Oral 8 mg/kg/day (12- hourly) 14 days

Azithromycin Oral 10–20 mg/kg/day (once daily) 5–7 days

Non- typhoidal salmonella infections
These infections usually give rise to a self- limiting gastro-
enteritis. This is manifested as diarrhoea with abdominal 
cramping pains, nausea and vomiting. There is usually 
a fever and there may be blood and mucus in the stools 
(see Section 5.12.A for treatment of this level of infection). 
A reactive polyarticular arthritis may develop 2 weeks after 
the diarrhoea.

Occasionally, particularly in the neonate and in the 
immunosuppressed, the malnourished, or children with 
sickle- cell disease, these infections can become very 
serious by spreading to the following sites: meninges (men-
ingitis), bones (osteomyelitis) and joints (septic arthritis), 
lungs (pneumonia and empyema) and soft tissues (giving 

abscesses). This is a particular problem in children with 
HIV infection.

Treatment for metastatic infections should be urgently 
given by intravenous or intramuscular injection. Initial 
treatment should ideally be with the broad- spectrum anti-
biotics cefotaxime or ceftriaxone, and if later sensitivity 
tests become available the organisms may be sensitive 
to amoxicillin (usually resistant now), co- trimoxazole and 
ciprofl oxacin. Chloramphenicol may be effective in the 
absence of the above.
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Drug dosage schedules
 O Cefotaxime:

 — Neonates less than 7 days old: 50 mg/kg every 
12 hours. 

 — Neonates over 7 days old: 50 mg/kg every 8 hours. 
 — Infants and children: 50 mg/kg every 6 hours.

 O Ceftriaxone: All ages 50 mg/kg once daily. In very severe 

infections 80–100 mg/kg once daily may be given (maxi-
mum dose 4 grams/day).

 O Co- trimoxazole: 18 mg/kg by IV infusion 12- hourly. 
In very severe infections, 27 mg/kg co- trimoxazole IV 
12- hourly (maximum dose 1.44 gram).

 O Ciprofl oxacin: 10–15 mg/kg twice daily by IV infusion.

6.1.P Rickettsial diseases

BOX 6.1.P.1 Minimum standards
 Q Supportive care and hydration.
 Q Early treatment with doxycycline or chloramphenicol.
 Q Public health measures and vector control.

Introduction
Rickettsial diseases are caused by obligate intracellular 
Gram- negative coccobacillary forms that multiply within 
eukaryotic cells. They take on a characteristic red colour 
when stained by the Giemsa or Gimenez stain.

 O Illnesses are restricted by geography to places where 
both the natural animal host and its insect vector are 
present, and the vector has contact with humans.

 O These diseases affect all ages, including children.

Aetiology and types
Rickettsial illnesses can be divided into the following 
biogroups:
1 Spotted fever biogroup:

 O Rocky Mountain spotted fever (RMSF), caused by 
Rickettsia rickettsia.

 O Rickettsial pox, caused by Rickettsia akari.
 O Boutonneuse fever (i.e. Kenya tick- bite fever, African 

tick typhus, Indian tick typhus, etc.). 
2 Typhus group:

 O The causative organisms (Rickettsia prowazekii and 
Rickettsia typhi) are similar to those of epidemic 
typhus.

 O Examples include Brill–Zinsser disease (i.e. relaps-
ing louse- borne typhus) and murine (endemic or 
fl ea- borne) typhus.

3 Scrub typhus biogroup (Tsutsugamushi disease):
 O These are a heterogeneous group of organisms that 

differ strikingly from rickettsial species and have a 
single taxonomic name, Orientia tsutsugamushi (see 
Section 6.1.Q).

4 Other rickettsioses and closely related illnesses:
 O New or re- emerging rickettsioses have been 

described, including tick-borne lymphadenopathy 
(TIBOLA) and Dermacentor- borne- necrosis- eschar- 
lymphadenopathy (DEBONEL).

 O Ehrlichia organisms (the cause of human mono-
cytic ehrlichiosis and Ehrlichia ewingii infection), 
Anaplasma phagocytophilum (the cause of human 
granulocytic anaplasmosis), and Bartonella species 
(the cause of catscratch disease, relapsing fever and 
trench fever) are organisms related to the rickettsiae.

 O Q fever is a disease caused by Coxiella burnetii, which 
has recently been removed from the Rickettsiales. 

Clinical presentation
There are so many clinical similarities among the diseases 
caused by rickettsiae that certain clinical and epidemiologi-
cal features should suggest their presence:
1 Most of these infections are spread through ticks, mites, 

fl eas or lice.
2 All rickettsial infections cause fever, headache and 

intense myalgias.
3 All rickettsial infections are arthropod- borne, so expo-

sure to ticks or mites is an important clue to their early 
diagnosis.

4 Rash and/or a localised eschar occur in most patients.
 O Illnesses are generally characterised by fever, rash 

and malaise. They are often misdiagnosed as mea-
sles, meningococcaemia, typhoid or rheumatic fever, 
or investigated as pyrexia of unknown origin.

 O Disease is caused by a vasculitis of small blood 
vessels, which on the skin is seen as a petechial or 
haemorrhagic rash. The vasculitis may affect many 
organ systems, and explains the wide range of 
symptoms seen.

 O There are features specifi c to individual rickettsia, 
including meningoencephalitis (in Rocky Mountain 
spotted fever), myocarditis and cough (in Q fever) 
or lym phadenopathy and hepatosplenomegaly (in 
scrub typhus).

 O An eschar at the site of the infecting bite is helpful 
in the diagnosis of tick- borne and mite- borne rick-
ettsial infections, and is recognised as a necrotic 
black papule.

 O The severity of illness varies with the organism, 
and the age of the patient. For example, in Rocky 
Mountain spotted fever, the untreated acute illness 
has a case fatality rate of 20%, with two- thirds of 
cases occurring in children under 15 years of age. 
In contrast, louse- borne typhus may only cause 
mild symptoms in children, with deaths occurring 
mainly in adults.

 O Other manifestations may occur, such as gastro-
intestinal, conjunctival, hepatic and pulmonary 
manifestations, that are more common in some 
illnesses than in others.

Differential diagnosis
Depending on local diseases, the combination of clinical 
manifestations, laboratory data and geographical areas, 
other causes to consider include the following:

 O malaria
 O measles
 O typhoid
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 O dengue haemorrhagic fever
 O Kawasaki disease
 O leptospirosis
 O meningococcal infections
 O rubella
 O group A streptococcal infection
 O syphilis
 O toxic shock syndrome
 O vasculitis and thrombophlebitis.

Diagnosis
Confi rmation of diagnosis of rickettsial infections is usually 
clinical, with the following methods used for confi rmation 
as appropriate:
1 Isolation: 

 O Rickettsiae can be isolated following inoculation into 
animals, such as guinea pigs in special reference 
laboratories.

2 Serology:
 O Serological detection of convalescent antibodies is 

the mainstay of diagnosis of rickettsial infection. The 
following serologic tests can be used:

 — the Weil–Felix (WF) agglutination test; this is not 
used for rick ettsial pox, Q fever or ehrlichiosis, 
for which specifi c diagnostic serological tests 
are available

 — microimmunofl uorescent (MIF) antibody test
 — enzyme- linked immunosorbent assay (ELISA)
 — Western blot immunoassay.

The WF test is neither specifi c nor sensitive, and is not 
helpful. None of these methods are normally useful in the 
initial clinical management of patients with acute illness. 
A modifi cation of the ELISA test has been developed to 
serologically confi rm the specifi c species of rickettsiae.

3 Immunologic detection of rickettsiae in tissue:
 O Biopsies of skin rash, an eschar, or other tissues can 

be useful but are rarely performed, as these require 
specialised laboratories.

4 PCR amplifi cation of rickettsial DNA:
 O PCR amplifi cation, especially by the new ‘suicide 

PCR’ primers from rickettsial genes from blood, skin 
biopsy samples and other tissues can be performed 
in reference laboratories for detection of rickettsial 
DNA. It has estimated sensitivity and specifi city of 
68% and 100%, respectively.

5 Routine blood examinations:
 O These are unhelpful but are required to rule out other 

diseases, such as malaria, typhoid, dengue haemor-
rhagic fever and leptospirosis.

Treatment
 O Treatment should not await serological diagnosis, as 

this is often delayed.
 O In children over 8 years of age, give tetracyclines, 

particularly doxycycline (2.2 mg/kg twice daily up to a 
maximum of 100 mg twice daily). The use of these drugs 
is not advised in children under 8 years of age because 
of dental staining. Under 8 years give co- trimoxazole 
24 mg/kg twice daily for 2 weeks.

 O Oral chloramphenicol (25 mg/kg four times daily up to a 
maximum of 3 grams/day) is also effective.

 O For scrub typhus (see Section 6.1.Q), rifampicin and 
azithromycin have been used successfully in areas where 
the rickettsia is resistant to conventional treatment.

 O Treatment should be for 7–14 days.
 O Fluoroquinolones (e.g. ciprofl oxacin) may be effective 

and are being evaluated.
 O Supportive care for complications affecting the cardiac, 

renal and pulmonary systems may be necessary in 
patients with severe disease. 

Control
 O Insect vector control is important for human louse- borne 

typhus, which occurs in cold mountainous areas where 
people live close together, or in internally displaced 
or refugee populations. In these situations, delousing 
of individuals with insecticides prevents and controls 
epidemic typhus. 

 O For scrub typhus, mite bites can be prevented by using 
topical insect repellents.

 O A vaccine is also available for Rocky Mountain spotted 
fever.

Health education
This may include the following:

 O community education on the risks of living in very close 
proximity to animals

 O the need for regular re- facing of mud walls and fl oors
 O for human louse- borne typhus, the importance of wash-

ing and sunning clothes and bedding.

TABLE 6.1.P Some major rickettsia and their distribution

Disease Agent Vector Reservoir Distribution

Rocky Mountain spotted fever R. rickettsii Ticks Rodents, dogs, rabbits USA, South America, Canada

Rickettsial pox R. akari Mite Mouse Worldwide

Louse- borne typhus R. prowazekii Lice Human Worldwide

Murine typhus R. typhi Flea Mouse (urban) Worldwide

Scrub typhus Orientia tsutsugamushi Mite Rodents Australia, India, SE Asia

Q fever Coxiella burnetii None Cattle, goats Worldwide
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6.1.Q Scrub typhus

BOX 6.1.Q.1 Minimum standards
 Q Serology. 
 Q Chest X- ray.
 Q Doxycycline and tetracycline.

Epidemiology
 O Geographical distribution: Asia, Australia and Pacifi c 

Islands.
 O Agent: Orientia tsutsugamushi (Rickettsia tsutsugamushi).
 O Hosts: Rodents are reservoir hosts, and humans are 

accidental hosts. The most commonly affected age 
group is 5–14 years, and the disease is more common 
in boys.

 O Vector: Larva of trombiculid mite. Mites live on jungle 
grass and become infectious by biting and sucking 
tissue fl uid of infected rodent or by transovarian trans-
mission to the next generation of mites.

Clinical manifestations
 O Incubation period is 5–18 days.
 O Abrupt onset of fever, severe headache, myalgia, cough, 

suffused conjunctivae, dark red papular or maculo-
papular rash (5–7 days after fever) on the trunk, arms 
and thighs.

 O Eschar (19–28% in children, 46–82% in adults) may 
be seen at the site of the mite bite, especially in the 
perineum, axilla or trouser- belt region. Eschar is a fi rmly 
adherent black scab, 3–6 mm in diameter, with a raised 
red margin.

 O There is regional or generalised lymphadenopathy, 
hepatomegaly and sometimes a maculopapular rash. 
Moderate leucocytosis may be seen, and occasionally 
thrombocytopenia.

 O In severe cases, complications include meningoen-
cephalitis, myocarditis, pneumonitis, respiratory distress 
syndrome or (rarely) renal failure.

 O In non- severe cases, fever subsides within 2 weeks. 
Indigenous people in endemic areas usually have mild 
illness without rash or eschar.

Diagnosis
 O Diagnosis is based on clinical manifestations, geographi-

cal distribution and history of contact with jungle- grass 
exposure in the bush.

 O Confirmation is by serology or polymerase chain 

reaction (PCR). Weil–Felix test titres of 1:160 (or a 
fourfold rise after 2–4 weeks) occur in only 50% of 
cases. More sensitive serological tests are the 
indirect immunoperoxidase test and the indirect 
immunofl uorescent tests. For individuals living 
in endemic areas the positive titre is * 1:400 or a 
fourfold rise in acute and convalescent sera. The 
positive titre indicating infection may be lower 
in non- endogenous children. PCR on the eschar 
material is more sensitive than on the blood.

 O Routine blood examinations are unhelpful, but are 
required to rule out other diseases such as dengue 
haemorrhagic fever, malaria and leptospirosis.

 O Blood culture to exclude septicaemia (e.g. typhoid).
 O Chest X- ray is indicated if there is cough and dyspnoea 

to detect pneumonitis, pleural effusion or respiratory 
distress syndrome.

 O Perform lumbar puncture if there is meningism or severe 
headache to rule out other causes of CNS infection. 
CSF commonly shows a picture of aseptic meningitis.

 O A fall in body temperature usually occurs within 
24–48 hours after treatment.

Management
 O The drug of choice is doxycycline orally 2.2 mg/kg initially 

followed by 2.2 mg/kg 12 hours later, then 1.1 mg/kg 
every 12 hours until the patient is afebrile for 2–3 days, 
or continue treatment for 5–7 days.

 O Alternative drugs are tetracycline 250 mg orally four 
times a day for 7 days (in children over 8 years) or 
chloramphenicol 15–25 mg/kg orally four times a day 
for 7 days, depending on severity.

 O In a few cases, fever returns 5–7 days later. If this hap-
pens, repeat the dose of antibiotic.

 O Tetracycline should not be given to oliguric patients. 
Doxycycline is safe in renal impairment.

 O Rifampicin and azithromycin have been used suc-
cessfully in areas where the rickettsia is resistant to 
conventional treatment.

 O In severe cases, the risk of dying outweighs the risk of 
tooth discoloration from doxycycline or tetracycline.

 O Remember that antimicrobial agents only suppress 
infection. Cure depends on host immunity.

 O Treatment should not be withheld pending laboratory 
confi rmation for a clinically suspected infection.

6.1.R Yaws

BOX 6.1.R.1 Minimum standards
 Q Azithromycin.
 Q Benzathine penicillin.

Introduction
Yaws is caused by the bacterium Treponema pallidum sub-
species pertenue. It is closely related to the bacterium that 
causes syphilis, but this disease is not sexually transmitted. 
Yaws mainly affects children in rural tropical areas, such as 
the Caribbean Islands, Latin America, West Africa, India, 
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and South- East Asia. Yaws is transmitted by direct contact 
with the skin sores of infected people.

Symptoms
About 2–4 weeks after infection, the child develops a sore 
called a ‘mother yaw’ where bacteria entered the skin. The 
sore is reddish and looks like a berry. It is usually painless 
but does cause itching. 

These sores may last for months. More sores may 
appear shortly before or after the mother yaw heals as the 
person scratches or spreads the bacteria from the mother 
yaw to uninfected skin. Eventually the skin sores heal.

Some patients develop destructive ulcerations of the 
nasopharynx, palate and nose (termed gangosa), painful 
skeletal deformities, especially in the legs (termed saber 
shins), and other soft- tissue changes (gummas, infl amma-
tory cell infi ltration). In the advanced stage, sores on the skin 
and bones can lead to severe disfi gurement and disability. 

Signs and tests
A sample from a skin sore is examined using a dark- fi eld 

microscope. There is no blood test for yaws. However, the 
blood test for syphilis is usually positive in children with 
yaws, because the bacteria that cause these two conditions 
are closely related.

Treatment
Recently a single dose of oral azithromycin (30 mg/kg) has 
been shown to be as effective as a single IM injection of 
benzathine benzylpenicillin 50 000 units/kg (37.5 mg/kg) 
with less risk of a dangerous anaphylactic response and 
the need for needles. If the child vomits within 30 minutes 
of the oral dose of azithromicin, a repeat dose should be 
given. Benzathine benzylpenicillin must not be given IV.

Anyone who lives in the same house with someone who 
is infected should be examined for yaws and treated if they 
are infected. Skin lesions may take several months to heal. 
By its late stage, yaws may have already caused damage 
to the skin and bones. It may not be fully reversible, even 
with treatment for the infection.

6.1.S Other bacterial infections

BOX 6.1.S.1 Minimum standard
 Q Anthrax: ciprofl oxacin, doxycycline, rifampicin, van-

comycin, gentamicin, chloramphenicol, penicillin, 
amoxicillin, imipenem, meropenem and clindamycin.

 Q Brucellosis: co- trimoxazole.
 Q Chlamydia: erythromycin.
 Q Haemophilus infl uenzae: amoxicillin, Hib vaccine.
 Q Plague: streptomycin, tetracycline, chloramphenicol.
 Q Staphylococcus: cloxacillin, flucloxacillin, sodium 

fusidate.

Anthrax
This is an infection from animals caused by Bacillus anthracis.

Cutaneous
Major features:

 O surrounded by extensive oedema
 O painless and non- tender (although may be pruritic or 

accompanied by a tingling sensation).

Minor features:
 O development of black eschar
 O progresses over 2–6 days through papular, vesicular and 

ulcerated stages before eschar appears
 O most commonly affects the hands, forearms, face and 

neck
 O discharge of serous fl uid
 O local erythema and induration
 O local lymphadenopathy
 O associated with systemic malaise including headache, 

chills and sore throat, but afebrile.

Take initial diagnostic tests:
Swab from lesion for stain and culture.
Blood cultures (prior to antimicrobial use, if possible).

Start antibiotic treatment to cover B. anthracis.
Ciprofl oxacin orally is given under 8 years of age. In 

children older than 8 years doxycycline can be given. Either 
drug is combined with one or two other antibiotics (such 
as amoxicillin, benzylpenicillin, or chloramphenicol). When 
the condition improves and the sensitivity of the Bacillus 
anthracis strain is known, treatment may be switched to 
a single antibiotic. Treatment should continue for 60 days 
because germination may be delayed.

Features of inhalation anthrax
 O Rapid onset of severe unexplained febrile illness (fever, 

chills, fatigue, non- productive cough).
 O Rapid onset of severe sepsis not due to a predispos-

ing illness.
 O Abrupt onset of respiratory failure and the presence of 

widened mediastinum or pleural effusions on chest X- ray.
 O Nausea.
 O Sweats (often drenching).
 O Confusion or altered mental status.
 O Vomiting.
 O Pallor or cyanosis.
 O Dyspnoea.
 O Tachycardia.
 O Abdominal pain.
 O Pleuritic chest pain.
 O Sore throat.

Take initial diagnostic tests:
 O Chest X- ray: mediastinal widening, pleural effusion, 

pulmonary infi ltrate.
 O Full blood count: to look for raised haemocrit, raised 

white cell count, especially neutrophilia.
 O Liver function tests: to look for high transaminase activity.
 O CT of chest (if available) if high suspicion and normal 

chest X- ray.
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 O Blood culture.

Start antibiotic treatment to cover B. anthracis.
Give ciprofl oxacin intravenously in combination with one 

or two other antibiotics (agents with in- vitro activity include 
rifampicin, vancomycin, gentamicin, chloramphenicol, 
penicillin, amoxicillin, imipenem, meropenem and clinda-
mycin) until sensitivity testing is available. Treatment should 
continue for 60 days because germination may be delayed.

It is important to notify public health authorities if such 
an infection is identifi ed.

Brucellosis
This is an infection from animals caused by Brucella species, 
usually through infected milk. It causes a chronic illness with 
fever, pain and swelling of the joints, and anaemia. 

Treatment is with co- trimoxazole for 4 weeks: give 
18–24 mg co- trimoxazole/kg twice daily.

 O Or give paediatric liquid 240 mg/5 mL (200 mg sul-
famethoxazole plus 40 mg trimethoprim):

 — Age 6 weeks to 6 months: 2.5 mL twice daily.
 — Age 6 months to 6 years: 5 mL twice daily.
 — Age 6–12 years: 10 mL twice daily.

Campylobacter infection
This causes acute gastroenteritis with considera-
ble abdominal pain, fever and bloody diarrhoea (see 
Section 5.12.A). Most children recover without treatment 
with antibiotics, although erythromycin and ciprofl oxacin 
are both effective.

Chlamydia infections
Chlamydia trachomatis causes trachoma (see Section 6.1.M), 
infections of the genital tract (see Section 6.1.J), and con-
junctivitis in the newborn which is less severe than that due 
to the gonococcus (see Section 3.4).

Chlamydia pneumoniae produces a chronic pneumo-
nitis in the infant. It is important not to forget this cause 
of acute respiratory infection, which responds well to 
erythromycin.

Haemophilus infl uenzae infections
Haemophilus infl uenzae causes serious infections in infants 
and young children, including:

 O pneumonia (see Section 5.3.A)
 O middle ear infections (see Section 5.1.C)
 O acute epiglottitis (see Section 5.1.A)
 O meningitis (see Section 5.16.B).

Infections can be prevented by an extremely effective con-
jugate vaccine. Every country should attempt to immunise 
their infants against this cause of many serious illnesses, 
deaths and handicap.

Plague
Yersinia pestis is transmitted to children by the fl eas of 
infected rats. It occurs in epidemics.

It presents with an acute fever and painful tender large 

swollen lymph nodes (buboes). It can cause pneumonia 
and septicaemia. 

Prompt treatment on suspicion is essential. 
 O Streptomycin is the treatment of choice for severe cases 

(15 mg/kg IM daily, maximum dose 1 gram) for 7 days. 
 O Tetracycline (in children over 8 years, 250–500 mg 

6- hourly) and chloramphenicol (15–25 mg/kg 6- hourly) 
are alternative drugs, which are also given for 7 days.

Shigellosis
 O This causes an acute gastroenteritis, which particularly 

affects the large bowel. There is blood and mucus in 
the diarrhoea.

 O There is often a high fever.
 O Shigellosis may cause seizures.
 O There may be tenesmus (a continuous feeling of want-

ing to defecate).
 O Septicaemia may occur.

See Section 5.12.A for advice on treatment.

Staphylococcal infections
The most common presentation is with a pus- forming skin 
infection (impetigo) (see Section 5.18).

However, this bacterium can be transported in the 
blood to other parts of the body, where it produces seri-
ous infections:

 O Pneumonia is particularly dangerous (see Section 5.3.A).
 O Osteomyelitis is also dangerous and diffi cult to diagnose 

(see Section 5.17).
 O Pyomyositis can occur.
 O Occasionally staphylococcal infections cause mas-

toiditis (see Section 5.1.C) and laryngotracheitis (see 
Section 5.1.A).

The two groups of antibiotics most effective against this 
organism are fl ucloxacillin or cloxacillin and sodium fusidate 
(fucidin).

Treatment with sodium fusidate/fusidic acid
Use in combination with another antistaphylococcal agent 
if possible, to avoid the development of resistance.

Oral route
Absorption is not as good as with the IV route, but the oral 
route should be used when possible. Doses as fusidic acid:
Neonate to 1 year 15 mg/kg 3 times daily
1 year to 5 years 250 mg 3 times daily
5 years to 12 years 500 mg 3 times daily
12 years to 18 years 750 mg 3 times daily

The suspension usually contains 250 mg of fusidic acid 
in 5 mL.

Intravenous infusion
Give 6–7 mg/kg of sodium fusidate 8- hourly (for children 
over 50 kg in weight, give 500 mg IV 8- hourly).

The dose may be doubled in severe infections.
Dilute in 5% glucose to a concentration of 1 mg/mL, 

and give slowly over at least 6 hours.
See Section 5.12.A for further information on 

Campylobacter and cholera infections.
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6.2 Viral infections

6.2.A Chickenpox

BOX 6.2.A.1 Minimum standards
 Q Antipyretics and antipruritus treatment (e.g. 

chlorpheniramine/promethazine).
 Q Antibiotics for secondary infection.
 Q Aciclovir in immunosuppressed, neonates and other 

at- risk groups. 
 Q VZIG IM (if available) for immunocompromised patients.
 Q Live attenuated varicella vaccine (for susceptible groups 

when in remission).

Introduction
Chickenpox is caused by varicella zoster virus (VZV), a 
member of the herpesvirus family. It is spread by direct 
contact, droplet or airborne transmission, and is very 
contagious.

Chickenpox manifests as a generalised pruritic vesicu-
lar rash typically consisting of crops of lesions in varying 
stages of development and resolution (crusting), mild fever, 
and other systemic symptoms. Varicella tends to be more 
severe in adolescents and adults than in young children.

The peak age for infection is 5 to 9 years. In immuno-
competent children it is usually a mild disease, and lifelong 
immunity follows an infection.

Groups at increased risk include those with immu-
nodefi ciency (mainly those with HIV infection), those on 
chemotherapy or long- term steroids (defi ned as those who 
within the previous 3 months received prednisolone, or its 
equivalent, at a daily dose of 2 mg/kg/day or more than 
40 mg/day for at least 1 week or 1 mg/kg/day for 1 month), 
and neonates whose mothers have had chickenpox just 
before or just after the birth. Patients on lower doses 
of steroids plus another immunosuppressant drug and 
patients with an additional medical problem (e.g. nephrotic 
syndrome) should be included, plus those on salicylate 
therapy or with chronic lung or skin problems, including 
eczema. Acyclovir should be used in these groups.

Children with chickenpox are at increased risk of 
developing Reye’s syndrome if given aspirin and other 
non- steroidal anti- infl ammatory drugs.

Clinical presentation
 O The incubation period is 14–21 days. There is low- grade 

fever and headache, followed by the rash, which is 
mostly on the trunk and face. The rash develops into 
successive small single oval vesicles with an erythe-
matous base which break within 2 days to develop into 
scabs and heal. It is very itchy, and scratching may result 
in secondary bacterial infection and scar formation.

 O The course of the disease is about 1 week. Children are 

infectious from 1 or 2 days before the rash appears until 
1 or 2 days after all of the lesions have formed scabs.

 O Complications include septicaemia, bronchopneumo-
nia, hepatitis, thrombocytopenia, purpura, pericarditis, 
myocarditis, endocarditis, arthritis, myositis, glomeru-
lonephritis, ascending mediastinitis and post- infectious 
encephalitis, especially with cerebellar involvement. 
Any fever or other symptom occurring within a few 
days of apparently resolving chickenpox must be taken 
seriously.

 O Guillain–Barré syndrome, facial nerve palsy, transverse 
myelitis, hypothalamic involvement, optic neuritis and 
transient loss of vision have been reported.

 O Intrauterine infection, especially in the fi rst two trimes-
ters, may result in a congenital varicella syndrome (i.e 
intrauterine growth retardation, scarred skin, limb atro-
phy, mental retardation, CNS and eye complications). 
Only 1–2% of infants with intrauterine exposure develop 
complications.

 O In mothers, chickenpox but not shingles, occurring 
between 5 days before and 2 days after delivery, may 
result in a severe infection in the neonate. This is 
probably due to lack of formation of VZV IgG antibod-
ies that would have crossed the placenta and would 
be protective for the newborn baby. The infant should 
be treated as soon as possible with varicella- zoster 
immunoglobulin (if available) and with IV aciclovir as 
well if infection manifests (see below and Section 2.8.1).

Management
 O Keep the child clean, and cut and clean under their 

nails to discourage scratching and prevent secondary 
skin infection. 

 O Baking soda baths or calamine lotion may relieve the 
itching. 

 O Antihistamines, such as chlorpheniramine 1 mg twice 
daily (1 month to 2 years of age), 1 mg three to six times 
a day; maximum 6 mg daily (2–6 years), 2 mg three to 
four times a day; maximum 12 mg daily (6–12 years), 
or 4 mg three to six times a day; maximum 24 mg daily 
(over 12 years) may reduce scratching. 

 O Give paracetamol for fever. 
 O Appropriate antibiotics should be given for secondary 

bacterial infection, which is mostly due to Staphylococcus 
aureus or Streptococcus pyogenes.

 O Aciclovir IV 10 mg/kg 8- hourly or 250 mg/m2 8- hourly for 
7–10 days is recommended for immunocompromised 
children who develop chickenpox. Oral aciclovir (20 mg/
kg four times a day) is given for HIV- infected patients 
whose CD4+ counts are relatively normal. It should 
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be considered for HIV- infected children with a CD4+ 
T- lymphocyte percentage of 15% or greater.

 O If available, IM varicella- zoster immunoglobulin (VZIG) 
should be given at the following doses: birth to 5 years, 
250 mg (one vial); 6–10 years, 500 mg (two vials); 
10–15 years, 750 mg (three vials) and 15–18 years, 
1 gram. This may modify the disease if given shortly (not 
more than 4 days) after exposure. Indications include 
immunocompromised children, such as HIV- infected 
pregnant women and premature infants born at less 
than 28 weeks’ gestation, who have had intimate con-
tact (face to face) with chickenpox or herpes zoster. 
Neonates whose mothers develop varicella between 
7 days before and 28 days after delivery are offered 
VZIG 250 mg as a single IM injection.

 O If VZIG is not available, oral or IV aciclovir (at the above 
doses) may be given.

 O In addition to standard precautions, airborne and con-
tact precautions are recommended for patients with 
varicella for a minimum of 5 days after the onset of rash 
and until all lesions are crusted, which in immunocom-
promised patients can be 1 week or longer.

Prevention
 O Live attenuated varicella vaccine (monovalent varicella 

vaccine or measles, mumps, rubella, varicella: MMRV) 
given as two subcutaneous or intramuscular injections 
confers over 95% protection against severe disease. 
Both have been licensed for use in healthy children 
from 12 months to 12 years of age. Children in this age 
group should receive two 0.5- mL doses of varicella 
vaccine administered subcutaneously, separated by at 
least 3 months.

 O Susceptible children aged 13 years or older without 
immunocompromise should receive two 0.5- mL doses 
of varicella vaccine separated by at least 28 days.

 O Patients in whom vaccine is contraindicated include 
those who are immunocompromised children and those 
receiving aspirin.

 O Patients who are receiving immunosuppressive treat-
ment (including steroid therapy) are generally immunised 
when in complete remission. The total lymphocyte count 
should be > 1.2 × 109/litre and there should be no other 
evidence of a lack of cellular immune competence.

 O The vaccine should not be given within 3 months of 
VZIG.

6.2.B Dengue 

BOX 6.2.B.1 Minimum standards
 Q Airway, Breathing and Circulation assessment and 

management.
 Q Recognition and treatment of shock.
 Q Blood transfusion and replacement of clotting factors 

and platelets.
 Q High- dependency/intensive care.
 Q Vector control.

Introduction
Dengue infection is caused by an RNA virus of the 
Flaviviridae family. The disease fi rst appeared in an epi-
demic in the Philippines in 1957, subsequently in Thailand, 

and then in other South- East Asian countries. It is now an 
important health threat in most Asian and South American 
countries, with an estimated 50–100 million dengue infec-
tions worldwide every year and a fatality rate of about 2.5% 
in hospitalised cases, although this could be reduced by 
earlier detection and access to good medical care. 

Epidemics occur every year during the rainy season, 
and the mosquitoes Aedes aegypti and Aedes albopictus 
are the main vectors.

The dengue virus comprises four serotypes (type 1, 2, 
3 and 4) which cause lifelong specifi c antibody responses. 
Unusually, a second infection with a different serotype of the 
virus puts the sufferer at greater risk of more severe illness.

Dengue hemorrhagic fever or severe dengue is the 

TABLE 6.2.B.1 Increasing signs of severity in dengue

Dengue: diagnosis Warning signs of severity Severe dengue

Probable dengue Require close observation and medical care Any of the following:
Live in or travel to dengue endemic area Persistent vomiting Severe plasma leakage showing as 

shock or respiratory distressClinical fl uid accumulation

Fever and two of the following:

Nausea, vomiting

Rash

Aches and pains

Tourniquet test positive

Mucosal bleed

Lethargy, restlessness Severe bleeding as evaluated by 
cliniciansLiver enlargement > 2 cm

Laboratory: increase in haematocrit 
concurrent with rapid decrease in platelet 
count

Severe organ involvement:
 O liver (AST, ALT * 1000)
 O CNS: impaired consciousness
 O heart and other organ failureand either

Supportive serology Abdominal pain and tenderness
or
Occurrence at the same location and time 
as other confi rmed dengue cases

AST, aspartate aminotransferase; ALT, alanine aminotransferase; CNS, central nervous system.
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Second dengue infection

Rising haematocrit
Ascites
Pleural effusion

Tissue hypoxia

Haemorrhagic 
manifestation

Viral multiplication
Ag/Ab complex
Complement pathway
/T- cell activated + 
apoptosis

Hypovolaemia and 
shock

Disseminated 
intravascular 

coagulation with 
potential for 

massive bleeding

Viraemia
Fever
Anorexia
Vomiting
Aches and 
pains
Vasculopathy

   Liver
   Enlarged
   Rising AST and ALT
   Prolonged PT and PTT

Platelets
Decreased and 
abnormal function

Increased vascular 
permeability

Plasma leakage

Acidosis

Mediators and 
cytokines

FIGURE 6.2.B.1 Pathophysiology of severe dengue or dengue haemorrhagic fever. AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; PT, prothrombin time; PTT, partial thromboplastin time.

severe clinical illness, and involves plasma leakage, sig-
nifi cant bleeding and shock with a signifi cant fatality rate, 
especially where intensive- care facilities are lacking. There 
are no available vaccines for dengue and no specifi c antiviral 
treatment. Treatment is supportive. Control is currently by 
control of the vectors.

Diagnosis
In 2009, the WHO classifi cation of dengue infection was 
revised to simplify diagnosis and management. Table 6.2.B.1 
shows the warning signs that severe dengue may develop.

This new WHO guideline classifi es the infection either 
as dengue or as severe dengue. The old defi nition of (non- 
severe) dengue is the same as that of dengue fever (A90 
according to the ICD code) and severe dengue means 
dengue hemorrhagic fever (A91 according to the ICD code).

The alternative differential diagnosis of acute febrile ill-
ness with non- specifi c symptoms is as follows:

 O septicaemia
 O scrub typhus
 O viral infection

 O enteric fever
 O leptospirosis.

Pathogenesis of severe dengue or 
dengue haemorrhagic fever (DHF) 
Infection with one dengue serotype gives specifi c lifelong 
antibody with only partial protection against other sero-
types. Therefore, unusually, severe dengue or DHF occurs 
predominantly in patients with second infections who have 
a different serotype in their second infection from their fi rst 
(previous dengue fever). Antibody- dependent enhance-
ment, immune enhancement and T- cell (T8) proliferation 
and apoptosis are important in the development of disease.

Hypotheses for severe dengue or DHF include the 
following:

 O Non- neutralising antibodies to dengue virus enhance 
viral uptake and replication in target cells (monocytes).

 O Enhanced viral replication in the presence of T- cell 
apoptosis, resulting in large antigen load in the face of 
massive T- cell activation, releasing cytokines that lead 
to tissue damage and vascular leakage.
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 O Antibodies against dengue virus bind to complement 
pathway, releasing mediators that lead to vascular 
leakage as well.

Figure 6.2.B.1 shows a proposed pathophysiological path-
way for severe dengue.

FIGURE 6.2.B.2 Tourniquet test showing petechiae.

Tourniquet test:
1 Apply an appropriate blood pressure cuff (it should be 

two- thirds of upper arm length)
2 Infl ate to the level of mean arterial pressure (systolic plus 

diastolic blood pressure, divided by 2) for 5 minutes.
3 Positive test: petechiae > 10/square inch after removing 

the cuff for 2 minutes or longer.

Management of dengue and severe 
dengue (dengue haemorrhagic fever, 
DHF)
The aim of management of dengue and severe dengue is 
supportive, aiming to maintain adequate intravascular vol-
ume to prevent shock and to use blood and blood products 
to combat severe bleeding.

Management of severe dengue with 
shock and respiratory distress

Initial management of shock
1 Give high- fl ow oxygen with a mask with reservoir or 

nasal cannulae. 
2 Give a bolus of Ringer- lactate or Hartmann’s or 0.9% 

saline solution (20 mL/kg).
3 If the child shows improvement, give 10 mL/kg of Ringer- 

lactate or Hartmann’s solution or 0.9% saline with 5% 
dextrose over 1 hour (add 50 mL of 50% dextrose to 
each 500- mL bag). 

4 Reduce IV fl uids (Ringer-lactate or Hartmann’s solution 
or 0.9% saline plus 5% dextrose) to 7 mL/kg/hour for 
6 hours if vital signs improve.

5 Check vital signs every 15 minutes until stable, then 
every hour for 4 hours, then every 2–4 hours.

6 Check haematocrit every 4 hours.
7 If vital signs are stable, haematocrit declines to 36–40% 

and no warning signs appear, then reduce IV fl uid to 
5 mL/kg/hour for 6 hours followed by maintenance fl uids 
(2–3 mL/kg/hour).

8 Stop IV fl uid when the child drinks more than half of the 
required intake or there is a diuresis.

TABLE 6.2.B.2 Clinical course of severe dengue or DHF

Phase Symptoms Signs Laboratory test

1. Febrile phase 
duration 3–5 days 
(days 1–5)

High continuous fever (39–40°C), 
headache, anorexia, nausea, 
vomiting, myalgia, arthralgia, 
epigastric discomfort, right upper 
quadrant pain, fi ne rubelliform 
maculopapular rash, mucosal 
bleeding

Facial fl ushing, injected 
conjunctivae

Tourniquet test positive (see Figure 
6.2.B.2), tenderness at right 
upper quadrant, hepatomegaly, 
lymphadenopathy, dry lips and 
mucosa

Not signifi cant

2. Haemorrhagic 
shock or toxic 
phase duration 
1–2 days (days 
4–6)

Fever declines,

abdominal pain especially in the 
right upper quadrant, bleeding in 
skin and mucosa (nose, gums, 
gastrointestinal tract)

About 30% of cases will develop 
shock (irritability, restlessness, 
severe abdominal pain, sweating)

Shock is less common when IV 
fl uids have been given early

Right upper quadrant tenderness, 
hepatomegaly, tourniquet test 
positive, bleeding of mucosa, 
signs of dehydration (dry lips and 
mucosa, dark yellowish urine) 

Cold clammy skin (prolonged 
capillary refi ll time > 2 seconds)

Thready pulse, tachycardia, narrow 
pulse pressure () 20 mmHg, e.g. 
90/70, 100/80)

Blood count: rising haematocrit, 
decreased platelet count (< 100 
× 109/litre), leucopenia

Abnormal liver function test 
(albumin, liver enzyme: AST, 
ALT), renal function, calcium, 
electrolyte, blood gas in severe 
dengue with intractable and 
prolonged shock

3. Convalescence 
phase
Duration 2–3 days

No fever or low- grade biphasic 
fever

Increased appetite

Diuresis

Convalescence rash on extremities 
with itching 

Widespread petechial rash with 
scattered round pale areas 

Sinus bradycardia

Stable haematocrit (or slowly 
increasing is a good clinical sign 
due to diuresis in some cases)

Rising platelet count

Dengue or dengue fever (non- severe dengue) has only phases 1 and 3.



684

International Maternal & Child Health Care

TABLE 6.2.B.3 Management of dengue and severe dengue without shock

Day of illness Assessment Management

Days 1–3 
(febrile phase)

Monitor temperature, blood 
pressure and pulse rate at least 
every 4–6 hours

Do tourniquet test

Look for signs of dehydration 
(dry lips and mucosae, low urine 
output)

Look for warning signs (see 
Table 6.2.B.1)

1 Tepid sponge, paracetamol (do not give salicylate or other non- steroidal anti- 
infl ammatory drugs, as they may cause bleeding, acidosis, hepatotoxicity and 
Reye’s syndrome) 

2 Give ORS/fruit juice/water frequently and in small amounts

3 If the child is vomiting, try domperidone 0.2 mg/kg 6-  to 8- hourly 

4 Admit if the child has signs of dehydration, gastrointestinal bleeding or 
cannot drink 

5 Give IV fl uid: 5% dextrose in Ringer-lactate or Hartmann’s or 0.9% saline 
1–3 mL/kg/hour depending on oral intake and haematocrit

Days 4–6 
(toxic phase)

Monitor vital signs every 
2–4 hours

Do:
 O tourniquet test if previously 

negative
 O complete blood count (CBC)
 O serial haematocrit every 

4 hours
 O palpate liver
 O record intake and output

Look for warning signs 
(see Table 6.2.B.1)

1 Admit if the child has signs of dehydration or warning signs

2 Give IV fl uid: 5% dextrose in Ringer-lactate or Hartmann’s or 0.9% saline 
= maintenance + 3–5% defi cit depends on haematocrit (maintain latter at 
36–43 vol%)

3 If haematocrit is rising above 44% (or above 5% of previous value) increase 
rate of IV fl uid to 6–7 mL/kg/hour (or 7% defi cit) to prevent shock

4 If haematocrit is still high (> 45%), change IV fl uid to low dose of colloid, e.g. 
Dextran 40 (maintenance + 3% defi cit) or 2–4 mL/kg/hour (maximum dose 
of 30/kg/day)

5 Decrease IV fl uid when vital signs are stable, haematocrit declines and urine 
is clear

6 Stop IV fl uid when the child can drink more than half of normal or there is a 
diuresis

Haematocrit of normal child is usually 35–36%, so if a child has haematocrit > 42% this means that it has risen to 20% or more 
above normal level.

Shock that does not improve with the 
fi rst 20 mL/kg bolus of Ringer- lactate or 
Hartmann’s or 0.9% saline solution
1 Continue high- fl ow oxygen. 
2 Give a bolus of Dextran 40 (especially if the haemato-

crit is very high (> 50%) or the child has a puffy face or 
distended abdomen), 10 mL/kg over 15–30 minutes. 

3 If the haematocrit is < 42% or has decreased by more 
than 5% consider careful transfusion of packed red cells, 
5–10 mL/kg over 30 minutes to 1 hour.

4 If the child improves, revert to Ringer- lactate or 
Hartmann’s solution or 0.9% saline plus 5% dextrose, 
5–7 mL/kg/hour for 6 hours and follow management in 
steps (7) and (8) above, 5 mL/kg/hour for 6 hours.

5 Check vital signs every 15 minutes until the child is stable, 
then every hour.

6 Check haematocrit every 4 hours and aim to maintain it 
at 40–45%.

7 Measure fl uid intake and output every 4–8 hours.

Shock that does not improve with Dextran 40 
bolus
1 Consider giving 4.2% sodium bicarbonate, 1–2 mL/kg 

IV slowly over 10 minutes.
2 Continue giving Dextran 40 at 7 mL/kg/hour.
3 Consider using an inotropic drug, such as dopamine or 

dobutamine 5–15 micrograms/kg/minute, if the child is 
still shocked or not improving.

4 Consider transfusion with packed red cells if the child is 
shocked with haematocrit < 42% or haematocrit declines 
by more than 5% of previous value.

Intractable shock with respiratory distress
1 Continue high- fl ow oxygen.

2 If calculated total intake is maximum (* 7 mL/kg/hour), 
haematocrit is > 40%, and shock has been present for 
> 24 hours, try furosemide 200–500 microgram/kg IV 
or 5–10 mg per dose for most children > 1 year of age.

3 If total intake is maximum (* 7 mL/kg/hour), haematocrit 
is > 40% and duration since fi rst shock is < 24 hours 
consider giving sodium bicarbonate, give inotropic 
drugs and consider positive pressure ventilation 
with PEEP (if available).

4 Drain pleural effusion if it is interfering with ventilation (and 
if high pressure settings are needed on the ventilator); 
diagnose from chest X- ray or ultrasound.

5 Monitor electrolytes, calcium, albumin, renal function, 
blood gas and blood clotting according to clinical 
severity.

Blood and blood components should be given only in 
cases of suspected or severe bleeding or intractable 
shock.

Fluid management
Plasma expanders
Colloid solutions to expand the intravascular volume:

 O Dextran 40 (osmolarity = 600 mOsmol/litre), maximum 
30 mL/kg/day

 O 6% hydroxyethyl starch (osmolarity = 308 mOsmol/litre)
 O 4.5% albumin in severe hypoalbuminaemia with moder-

ate to massive effusion/ascites and respiratory distress.

Blood products to combat bleeding:
 O fresh frozen plasma (FFP), 10 mL/kg/dose
 O packed red cells (PRC), 5–10 mL/kg/dose
 O platelet transfusion, 0.2 units/kg/dose.
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Crystalloids
Normal maintenance fl uids are 5% dextrose in Ringer- 
lactate or Hartmann’s or 0.9% saline solution, about 
2–3 mL/kg/hour or:

Up to 10 kg = 100 mL/kg/day
From 11–20 kg  = 100 mL/kg/day × 10 kg for the fi rst 

10 kg, PLUS 50 mL/kg/day × body 
weight in kg above 10 kg 

> 20 kg  = 1500 mL PLUS 20 mL/kg/day × body 
weight in kg > 20 kg

Example: body weight of 14 kg = 1000 mL + (4 × 50) = 
1200 mL.

Example body weight of 30 kg = 1500 mL + (10 × 20) 
= 1700 mL.

In an obese child, use ideal body weight to calculate IV 
fl uids. For example, for an obese 7- year- old girl with body 
weight 40 kg, IV fl uids should be calculated from her age 
multiplied by 2 plus 8 (7 × 2 + 8 = 22 kg).

In practice, based on the above we can calculate IV 
fl uids easily and rapidly as follows:

 O 5 mL/kg/hour is equal to a 5% defi cit if body weight 
< 40 kg

 O 4 mL/kg/hour is equal to a 5% defi cit if body weight 
> 40 kg

The maximum fl uid that should be given in 24 hours (maxi-
mum fluid = resuscitation [20 mL/kg] + 10% deficit + 
maintenance) is 7 mL/kg/hour.

Inotropic drugs
 O Dopamine will increase renal blood flow: dose is 

5–15 micrograms/kg/minute.
 O Dobutamine is usually used in patients with poor periph-

eral circulation: dose is 5–15 micrograms/kg/minute.

Severe dengue with organ involvement
Vital organs are not primarily involved in severe dengue, but 
are affected secondarily to plasma leakage, shock, haemor-
rhage and hypoxia. Notably, hepatic dysfunction and renal 
failure may occur especially in cases with prolonged shock.

Central nervous system involvement may be manifested 
by convulsions, spasticity and/or change in consciousness. 
Some cases have reported dengue virus in cerebrospinal 
fl uid as in encephalitis. 

Prevention and control
There is no vaccine to protect against dengue. Development 
of a vaccine against dengue infection has been challenging, 
although there has been recent progress.

At present, the only method for controlling or prevent-
ing the transmission of dengue virus is to combat vector 
mosquitoes by preventing them from accessing egg- laying 
habitats. This is achieved by environmental management 
and modifi cation, with community participation and active 
monitoring.

Severe dengue with shock

1. Furosemide 200–500 microgram/kg or 5–10 mg per dose > 1 year of age  
2. IPPV plus PEEP
3.  Colloid 5–7 mL/kg/hour until vital signs are stable for at least 4 hours, then 
decrease every hour until 2–3 mL/kg/hour and then change to Ringer-lactate or 
Hartmann’s or 0.9% saline with 5% dextrose 2–3 ml/kg/hour 
4. Continue inotropes
5. Drain pleural effusion if impairing ventilation
6. Keep haematocrit > 40% with careful packed red cell transfusion

Monitor CVP, electrolytes, renal function, blood gases and clotting

10 mL/kg Ringer-lactate or 
Hartmann’s or 0.9% saline 
with 5% dextrose over 

1
 

hour

1–2 mL/kg 4.2% sodium bicarbonate over 15 min
Colloid 7–10 mL/kg/hour for 2 hours then decrease 

every subsequent hour
Keep haemocrit at 40–45%

Dopamine or dobutamine 5–15 micrograms/kg/minute
Check blood gas, electrolytes, blood clotting,  LFTs, 

calcium and chest X-ray

10 mL/kg Dextran 40 as a 
bolus over 15–30 minutes

NOT IMPROVED

Bolus 20 mL/kg Ringer-lactate or 
Hartmann’s or 0.9% saline with 5% 

dextrose
IMPROVED

High-flow oxygen

Ringer-lactate or 
Hartmann’s or 0.9% saline  
with 5% dextrose 5–7 mL/

kg/ hour for 6 hours

Packed red cells or fresh whole blood 
5–10 mL/kg over 15–30 minutes

IMPROVED

NOT IMPROVED

Haematocrit < 42% or 
decreased by > 5%

IMPROVED

NOT IMPROVED
Shock plus 

respiratory distress

Ringer-Lactate or 
Hartmann’s or 0.9% saline 
with 5% dextrose 5–7 mL/
Kg/ hour for 6 hours and 

then 2–3 mL/kg/hour

FIGURE 6.2.B.3 Management of severe dengue with shock. LFTs, liver function tests; IPPV, intermittent positive pressure ventilation; PEEP, 
positive end- expiratory pressure; CVP, central venous pressure.
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6.2.C Acute hepatitis

BOX 6.2.C.1 Minimum standards
 Q Liver function tests.
 Q International normalised ratio (INR) or prothrombin time.
 Q Blood glucose measurement. 
 Q Vitamin K.
 Q Immunisation against hepatitis B: population 

vaccination.

Introduction
 O Acute hepatitis results in liver dysfunction of duration 

less than 6 months. 
 O Transaminases (AST and ALT) are abnormal, but patients 

are not necessarily jaundiced. 
 O Acute hepatitis may be cholestatic, and may be compli-

cated by acute liver failure as described in Section 5.7.A.
 O Hepatitis A is common and usually self- limiting, but 

other important diseases may occur at the same time 
or appear similar and be overlooked (see Table 6.2.C.1).

TABLE 6.2.C.1 Causes of acute hepatitis- like presentation

Aetiological group Examples Possible cholestasis

Viral Hepatitis A virus, hepatitis B virus, hepatitis C virus, hepatitis E virus, 
delta superinfection, cytomegalovirus, Epstein–Barr virus, herpes simplex, 
parvovirus, measles, mumps, varicella, rubella, adenovirus, ECHO, 
coxsackie, fl aviviruses (e.g. yellow fever, dengue, Lassa, Ebola, Rift Valley 
fever).

Hepatitis A virus, hepatitis B 
virus, hepatitis E virus

Bacterial/fungal Salmonella, Leptospira, any septicaemia Not usually

Protozoal + parasitic See Section 6.3.A.d and 6.3.C Not usually

Drugs and toxins See Section 7.4 Drug cholestasis

Shock Cardiac arrest, post surgery, heat stroke, radiation Occurs 7–10 days after injury

Immune Autoimmune, lupus, Kawasaki disease Autoimmune, lupus, Kawasaki 
disease

Infi ltrative Leukaemias, haemophagocytic syndromes, Hodgkin’s disease Leukaemias, Hodgkin’s disease

Metabolic Urea cycle disorders

Wilson’s disease 

Usually not 

Yes 

Management of acute hepatitis
 O Exclude hepatitis A with HAV IgM and attempt diagnosis 

with tests (if available).
 O Monitor hepatic synthetic function for liver failure using 

prothrombin time or INR, having given IV vitamin K.
 O Monitor for complications, including hypoglycaemia, 

encephalopathy, bone- marrow aplasia, secondary sep-
sis and pancreatitis (see Section 5.7.A).

 O Treat complications when possible.
 O Give vitamin K, 300 micrograms/kg.
 O Give anti- emetics if there is severe nausea and vomiting.
 O Give intravenous fl uids only if oral or nasogastric 

rehydration is not possible.
 O See Section 5.7.A for the management of acute liver 

failure if this develops.
 O If available, immunise all family contacts for HAV and 

HBB (HAV A, two doses 2 weeks apart; HAV B, three 
doses, the fi rst being given immediately, the second 
1 month later, and the third 3–6 months later).

Hepatitis A
 O Hepatitis A (HAV) is a picornavirus spread by the fae-

cal–oral route.
 O The incubation period from infection to raised transami-

nases is 10–20 days.
 O Before jaundice is seen there may be anorexia, nausea, 

vomiting, fever and liver tenderness.

 O Jaundice is related to age, with more than 90% of chil-
dren under 2 years being asymptomatic, and only 76% 
of teenagers jaundiced.

 O A minority of cholestatic cases have a relapsing course, 
and 0.1–0.2% develop acute liver failure. The prognosis 
for almost all is excellent with symptomatic treatment. 

 O Chronic liver disease does not develop, but occasional 
patients have a transient nodular regenerative phase 
with evidence of portal hypertension lasting up to 1 year. 
Aplastic anaemia is a rare complication.

 O HAV vaccine is highly efficacious and without side 
effects.

Hepatitis B
Acute hepatitis B (see also section on chronic hepatitis)

 O This is spread by blood and body fl uid products, vertical 
transmission from mother to baby, and sexual contact. 
The risk of all such spread is much greater than for HIV 
infection.

 O The incubation period is 60–90 days, but rarely up to 
7 months.

 O The risk of acute liver failure is less than 1%, and the risk 
of chronic liver disease depends on the patient’s age: 
it is approximately 90% at birth, 25% in childhood and 
less than 10% in adults.

 O Hepatitis B vaccine is usually given by three injections 
over 6 months, but an accelerated course can be given 
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over 21 days, and post- exposure vaccination is usually 
given in combination with immunoglobulin in a different 
site. All healthcare workers should be immunised against 
HBV and their immunity status checked.

Hepatitis C 
 O The mechanisms of spread are the same as for hepatitis 

B, but vertical spread is rare (around 4%).
 O The incubation period is 2–26 weeks, followed by acute 

hepatitis that is almost always asymptomatic.
 O Chronic hepatitis ensues in 30–90% of cases.
 O Symptomatic liver disease is almost never seen in 

childhood.
 O Treatment with a combination of pegylated interferon 

and ribavirin is becoming progressively more success-
ful (if available). 

Hepatitis E 
 O Spread is by the faecal–oral route and is endemic in 

Southern Europe, the Middle East and Asia. 

 O It is rare in children, and the highest rate in adolescents 
is 3%. 

 O A relapsing course is seen. 
 O The prognosis is usually good, but mortality is recog-

nised in pregnant women. 

Epstein–Barr virus (EBV) 
 O EBV infection is accompanied by hepatosplenomegaly 

and hepatitis. 
 O The prognosis is usually good, but rare cases are 

complicated by lymphoproliferative disease or hae-
mophagocytic syndrome in immune- defi cient individuals.

Cytomegalovirus (CMV)
 O Spread is the same as for EBV and hepatitis, but 

symptoms are usually only seen in the newborn and 
immunocompromised.

Parvovirus B19
 O This infection can be accompanied by acute liver failure 

and aplastic anaemia.

6.2.D Human immunodefi ciency virus (HIV) infection

BOX 6.2.D.1 Minimum standards
 Q Preventive campaigns.
 Q Antenatal HIV screening.
 Q Antenatal and postnatal antiretroviral (ARV) drugs. 
 Q Paediatric HIV testing.
 Q Antiretroviral drugs (triple drug regimes for all), includ-

ing those to prevent vertical transmission guaranteed.
 Q Health system strengthening to provide a capacity to 

treat all with ARV and give supportive treatment.
 Q Correction of nutritional defi ciencies.
 Q Antibacterial drugs, including anti- TB and antifungal 

drugs.
 Q Analgesia and palliative care.
 Q Counselling and family support.

Introduction
The human immunodefi ciency virus (HIV) epidemic has 
spread to all corners of the world, affecting millions of 
infants, children and adults. It is the most common cause 
of acquired immune defi ciency in children. The timely and 
early diagnosis of neonates, infants and children with HIV 
is vital. However, the healthcare system of resource- limited 
countries has its own strengths and limitations. Pitfalls in 
accurate testing, poor access to health, and high fi nancial 
costs are a few of the many factors that hamper efforts to 
limit the spread of diseases such as HIV. In addition, the 
management of HIV is complex and intricate. Many factors, 
including proper assessment and indication, counsel-
ling, availability and choice of antiretroviral drugs, toxicity, 
monitoring, fi nancial burden, and social and psychosocial 
support have to be addressed for HIV care to be success-
ful. Education, evaluation, building expertise, establishing 
HIV referral centres with diagnostic testing (including viro-
logical testing), ensuring availability of antiretroviral drugs, 

monitoring and follow- up are some of the key elements 
necessary for programmes to have adequate impact.

Epidemiology
 O There are two major strains of the human immuno-

deficiency virus: HIV1 and HIV2. HIV1 is the more 
pathogenic, and is responsible for the global epidemic. 
HIV2 is largely confi ned to West Africa. This subsection 
refl ects current management of HIV1, but the principles 
apply to both strains.

 O Infection with HIV leads to progressive destruction of 
the cellular immune system, ultimately resulting in an 
acquired immune defi ciency syndrome (AIDS) in the 
vast majority of infected individuals.

 O HIV/AIDS is now one of the leading causes of death 
in children.

 O Mother- to- child transmission results in approximately 
1000 children becoming infected with HIV each day 
worldwide. There were 2.5 million children under 
15 years old living with HIV in 2009.

 O Around 97% of the world’s new HIV infections occur 
in people living in low-  and middle- income countries. 
About 92% of children living with HIV are from sub- 
Saharan Africa.

 O The number of new infections fell from a peak in the 
late 1990s, but has now plateaued at a high incidence 
of 2.6 million new infections per year, just below the 
maximum level reached previously. 

 O Deaths from AIDS have decreased by 19% between 
2004 and 2009 with increasing access to antiretroviral 
therapy.

 O Around 95% of the world’s HIV- infected children have 
been from resource- limited countries. About 90% have 
been from sub- Saharan Africa, but the prevalence else-
where is rising, particularly in India, South- East Asia, and 
countries of the former Soviet Union.
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 O More than 90% of children acquire HIV perinatally (verti-
cally) from their mothers. The rest are infected through 
transfusion of infected blood products or via unsterilised 
needles (extent unknown but probably small), or via 
sexual transmission among adolescents, or in younger 
children through child sexual abuse.

 O In non- breastfed infants, vertical transmission occurs 
mainly around the time of delivery, with transmission 
rates in resource- limited countries ranging from 17% 
to 24%. Breastfeeding roughly doubles the risk of 
transmission. In breastfed cohorts from resource- limited 
countries the rates of transmission are 25–45%.

 O Management ideally begins before birth, with counsel-
ling and voluntary testing of HIV- infected women during 
pregnancy, and institution of measures to reduce trans-
mission. In almost all countries, antiretroviral therapy for 
mothers and infants, elective (pre- labour) Caesarean 
section and avoidance of breastfeeding have reduced 
transmission rates to less than 2%.

 O Without prenatal counselling and screening, as is 
frequently the case in resource- limited countries, 
management begins only when the child becomes 
symptomatic, with subsequent identifi cation of the HIV 
infection in the mother.

 O Treatment may not be successful if presentation is at an 
advanced stage of immunosuppression.

 O In all societies, even those with a high prevalence, HIV 
is a potentially stigmatising condition, and the mother 
or both parents may be reluctant to undergo testing. 
Confi dentiality is essential.

 O Counselling must be confi dential, requires time and 
should be undertaken by trained staff.

 O Even if a child born to an infected mother is uninfected, 
he or she will inevitably be affected. Between 14.4 and 
18.8 million children were estimated to have lost one 
or both parents to AIDS in 2010 (UNAIDS data). These 
children may be abandoned by relatives, ostracised by 
the community, poorly educated and highly vulnerable. 
Many support themselves and surviving siblings by 
commercial sex work, and may acquire HIV infection 
as a result.

Natural history data
 O Before the advent of highly active antiretroviral ther-

apy (HAART), infant mortality doubled and mortality 

in children aged 1–5 years increased from 8 to 20 per 
1000 in Harare between 1990 and 1996.

 O However, even in resource- limited countries, some chil-
dren may be symptom- free into the second decade of 
life. There is no upper age limit at which it is appropriate 
to test for HIV if the mother does not have a negative 
test after the child’s birth.

 O Data from large long- term prospective perinatally 
recruited cohort studies are limited in resource- limited 
countries.

 O Growth failure, generalised lymphadenopathy, hepatos-
plenomegaly, persistent diarrhoea, pulmonary infections, 
chronic cough and recurrent fevers are the most frequent 
clinical manifestations.

 O The most common causes of death are pneumonia, 
diarrhoea and malnutrition. Post- mortem studies from 
the Cote d’Ivoire and clinical studies in Malawi and South 
Africa showed that Pneumocystis jiroveci pneumonia 
(PCP) is a frequent cause of death in children under 
15 months of age.

 O Malignancy is a relatively rare AIDS- defi ning illness in 
children, compared with HIV- infected adults. However, 
substantial increases in Kaposi’s sarcoma in children 
have been reported from East and Central Africa. Co- 
infection with the human herpes virus (HHV8) is a crucial 
aetiological factor. Kaposi’s sarcoma typically presents 
with large non- tender fi rm mobile lymph nodes in the 
head and neck region, and there may be skin lesions 
and pulmonary disorders. Median survival in one series 
was only 3 months.

Diagnostic issues
Confi rming a diagnosis of HIV infection in young children 
can be diffi cult in resource- limited settings.

Early infant diagnosis of HIV: exposed infants should 
be tested at 6 weeks or as soon as possible thereafter. 
Infant blood samples are sent as dried blood spots to a 
laboratory that has the required equipment for HIV PCR 
testing. This laboratory may be close by, but could also be 
far from the site. The results then need to be sent back to 
sites and returned to caregivers in a timely manner. Finally, 
infants who have tested positive must be started on ART.

In areas of high HIV prevalence, WHO Integrated 
Management of the Child recommends that, when 

TABLE 6.2.D.1 Signs and symptoms for use in endemic areas with limited access to diagnostic laboratories

Signs or illness specifi c to HIV 
infection

Signs or illness uncommon in HIV- negative 
children

Signs common in both HIV- positive 
and ill non- HIV- infected children

Pneumocystis pneumonia Molluscum contagiosum with multiple lesions Persistent diarrhoea (> 14 days)

Oesophageal candidiasis Oral thrush (especially after the neonatal period) 
without antibiotic treatment and lasting > 1 month or 
recurrent

Failure to thrive 

Herpes zoster Generalised pruritic dermatitis Persistent cough > 1 month

Lymphoid interstitial pneumonia Recurrent severe infections (three or more per year) Generalised lymphadenopathy

Kaposi’s sarcoma Persistent and/or recurrent fever lasting > 1 week Hepatosplenomegaly

Chronic parotid enlargement Neurological dysfunction (progressive neurological 
impairment, delayed development, intellectual 
impairment, hypertonia)

Chronic otitis media

Recto- vaginal fi stula (rare) Failure to thrive in a fully breastfed infant < 6 months 
of age

Moderate or severe malnutrition
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assessing sick children aged 2 months to 5 years, health-
care workers ask about a history of pneumonia, persistent 
diarrhoea, ear discharge or very low weight, and look for 
oral thrush, parotid enlargement and generalised persistent 
lymphadenopathy. If there are two or more of the above, 
HIV infection should be suspected and an HIV antibody 
test performed.

Clinical diagnosis
 O The symptoms and signs are often non- specifi c. The 

most recent modifi ed WHO clinical case defi nition for 
paediatric AIDS is a useful tool for epidemiological 
surveillance, but lacks sensitivity and has a low positive 
predictive value (PPV). It is therefore not useful for con-
fi rming a diagnosis of HIV infection in an individual child.

 O The presence of oral candidiasis does not distinguish 
HIV- infected from HIV- uninfected children. However, 
failure of oral candidiasis to respond to treatment or 
rapid relapse is a highly specifi c sign of HIV infection. 
After the neonatal period, the presence of oral thrush 
without antibiotic treatment, or lasting over 30 days 
despite treatment, or recurring, or extending beyond the 
tongue, is highly suggestive of HIV infection. Also typical 
is extension to the back of the throat, which indicates 
oesophageal candidiasis.

 O Chronic parotitis, the presence of unilateral or bilateral 
parotid swelling (just in front of the ear) for 14 or more 
days, with or without associated pain or fever or shin-
gles, is highly suggestive of HIV infection. 

 O Shingles is unusual in healthy children. Herpes zoster 
ophthalmicus (i.e. shingles around one eye) is said to 
have greater than 95% PPV for HIV infection in African 
children.

 O Geographical variation in patterns of disease must be 
recognised. Penicillium marneffei infection, an oppor-
tunistic fungal disease that presents with nodular skin 
lesions, is an AIDS- defi ning illness that has been reported 
in South- East Asia. Giant molluscum contagiosum has 
been a presenting sign in children in Eastern Europe.

 O None of these clinical features is a sensitive marker of 
HIV infection in childhood populations, in that a minority 
of HIV- infected children manifest them.

There are many clinical signs or conditions that are quite 
specifi c to HIV infection, which should be strongly sus-
pected if these conditions are present (see Table 6.2.D.1). 
Some of these features are listed below.
1 Signs or conditions that are very specifi c to HIV- infected 

children:
 O Pneumocystis pneumonia (PCP).
 O Oesophageal candidiasis.
 O Lymphoid interstitial pneumonia (LIP).
 O Kaposi’s sarcoma.

2 Signs that may indicate possible HIV infection:
 O Recurrent infection: three or more severe episodes 

of a bacterial infection (e.g. pneumonia, meningitis, 
sepsis, cellulitis) in the past 12 months.

 O Oral thrush: after the neonatal period, the presence 
of oral thrush in the absence of antibiotic treatment, 
or lasting over 30 days despite treatment, or recur-
ring, or extending beyond the tongue.

 O Chronic parotitis: the presence of unilateral or bilat-
eral parotid swelling for 14 or more days.

 O Generalised lymphadenopathy: the presence of 
enlarged lymph nodes in two or more non- inguinal 
regions without any apparent underlying cause.

 O Hepatomegaly with no apparent cause.
 O Persistent and/or recurrent fever.
 O Neurological dysfunction: progressive neurologi-

cal impairment, microcephaly, developmental delay, 
hypertonia, encephalopathy.

 O Herpes zoster.
 O HIV dermatitis: typical skin rashes include erythe-

matous papular rashes, extensive fungal infections 
of the skin, scalp and nails, and extensive molluscum 
contagiosum.

 O Chronic suppurative lung disease.
3 Signs that are common in HIV- infected and non- HIV- 

infected children:
 O Chronic otitis media.
 O Persistent diarrhoea.
 O Moderate or severe malnutrition.

Counselling and testing
If there are reasons to suspect HIV infection, and the child’s 
HIV status is not known, the family should be offered diag-
nostic testing for HIV.

Counselling used to be more complex when there was 
no treatment available. There is now no question that it is 
in the child’s best interest to be tested so that treatment 
can be given to prolong life if they are HIV- positive. The 
lessons of obtaining informed consent still apply, just as 
with any other important investigation. If the mother has 
not already been tested, a positive result in a child is most 
likely to mean that the mother is infected, too. However, 
if the mother is not present when the child presents, the 
onus of responsibility of the paediatrician is to the child, 
and testing should not be delayed. 

The additional consideration with testing for HIV is the 
stigma associated with the diagnosis. When HIV meant 
inevitable death, there was enormous fear of the diagnosis. 
The potentially better prognosis has been hard to accept 
when so many present too late. Stigma is also associated 
with the fact that it is a sexually transmitted disease. This 
raises issues of where the infection was acquired and 
contact tracing. The fear of domestic violence and social 
ostracisation sometimes creates reluctance to allow chil-
dren to be tested. 

The process of counselling starts with always ensur-
ing that the test is done with consent. The person giving 
consent should be the carer at the time when the test is 
indicated. If the child is of an age at which they can be 
responsible for taking their own medicines, they can give 
their own consent for testing. There are no surrogate tests 
for HIV, such as lymphocyte counts; the appropriate test 
according to what is available should always be done. If 
there is delay in getting a result it may be necessary to start 
appropriate treatment – for example, for suspected PCP 
pneumonia with IV co- trimoxazole.

If there is refusal to allow testing, the test cannot be 
carried out. If the test is positive, the family need to have 
confi dence in the healthcare professionals to ensure adher-
ence to treatment. Counselling requires time, and must 
be done by trained staff. If staff at the fi rst referral level 
have not been trained, assistance should be sought from 
other sources, such as local community AIDS support 
organisations. A time limit should be set to prevent repeated 
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procrastination and the risk of death from opportunistic 
infection. 

HIV counselling should take account of the child as 
part of a family. This should include the psychological 
implications of HIV infection for the child, mother, father 
and other family members. Counselling should stress that, 
although cure is currently not possible, there is much that 
can be done to improve the quality and duration of the 
child’s life. Antiretroviral treatment (ART) is available and 
greatly improves survival and the quality of life of the child 
and the parents. Counselling should make it clear that the 
hospital staff want to help, and that the mother should not 
be frightened of going to a health centre or hospital early 
in an illness, even if this is only to ask questions.

HIV is talked about much more openly now than was 
the case at the start of the epidemic, and testing is seen 
as an expected part of routine healthcare. The request for 
testing should not be built up as a major event, but included 
as part of the diagnostic work- up along with malaria, TB 
and other investigations. 

As mentioned above, counselling requires time, and 
must be done by trained staff. 

Indications for HIV counselling
HIV counselling is indicated in the following situations.

Child with unknown HIV status presenting with 
clinical signs of HIV infection and/or risk factors (e.g. 
a mother or sibling with HIV/AIDS)

 O Make time for the counselling session.
 O Take advice from local people experienced in offering 

testing, so that any advice given is consistent with what 
the mother will receive from professional counsellors at 
a later stage.

 O Where available, arrange an HIV test, according to 
national guidelines, to confi rm the clinical diagnosis, 
alert the mother to HIV- related problems, and discuss 
prevention of future mother- to- child transmission.

Note the following:
1 If HIV testing is not available, discuss the presumptive 

diagnosis of HIV infection in the light of the existing signs 
and symptoms and risk factors.

2 In countries with generalised HIV epidemics, routine 
healthcare provider- initiated testing and counselling 
(PITC) is recommended for all children seen in paediatric 
health services (World Health Organization, 2007).

Child known to be HIV- infected but responding poorly 
to treatment, or needing further investigations

Discuss the following:
 O the parents’ understanding of HIV infection
 O management of current problems
 O the role of ART and adherence to regular drug 

administration
 O the need to refer to a higher level, if necessary
 O support from community- based groups (if available).

Child known to be HIV- infected who has responded 
well to treatment and is to be discharged (or referred 
to a community- based care programme)

Discuss the following:
 O the reason for referral to a community- based care pro-

gramme, if appropriate
 O follow- up care

 O risk factors for future illness
 O immunisation and HIV
 O adherence and ART treatment support.

Laboratory diagnosis
The defi nitive diagnosis of HIV requires laboratory confi rma-
tory testing. The HIV antibody test is commonly used as 
a screening test. However, in the neonatal and infantile 
period, the antibody test is not recommended. This is 
because the maternal HIV antibodies readily cross the 
placenta and persist in the neonate for up to 18 months. 
Also, all screening tests should be confi rmed by a second 
test. The following are some of the tests used for laboratory 
diagnosis of HIV in children:

 O Antibody tests:
 — HIV IgG antibody tests. 
 — Rapid Test.

 O Virological tests:
 — HIV DNA polymerase chain reaction (PCR).
 — HIV RNA PCR.
 — HIV culture.

 O P24 antigen assay:
 — Direct.
 — Acid hydrolysis.

DNA- based assays are the most reliable for diagnosis, and 
are recommended for diagnosis in infants. However, the 
cost and availability of tests may be an issue in resource- 
limited countries. The simplest laboratory test is an HIV 
antibody test, usually done by enzyme- linked immunosorb-
ent assay (ELISA). However, even this may not be affordable 
or available in many settings.

The WHO recommends the use of a presumptive 
clinical diagnosis of severe HIV disease in the absence of 
virologic testing if:

 O an infant’s HIV exposure is confi rmed by antibody test-
ing and if either: 

 — clinical stage 3 or 4 or AIDS- indicator condition(s) 
are present or 

 — the child has two or more of the following: oral thrush, 
severe pneumonia, severe sepsis.

A presumptive diagnosis of AIDS can also be made in an 
antibody- positive infant if CD4 percentages are below 20% 
or other factors are present, including recent HIV- related 
maternal death or advanced HIV disease in the mother. 

Infants acquire maternal HIV IgG transplacentally, and 
this can be detected by ELISA up to 18 months of age. 
Thus antibody tests cannot reliably distinguish infected from 
uninfected children until they are 18 months old. Additional 
diagnostic challenges arise if the child is still breastfeeding 
or has been breastfed. Although HIV infection cannot be 
ruled out until 18 months for some children, many children 
will have lost HIV antibodies between 9 and 18 months of 
age. The importance of this is that a rapid antibody test 
can be done if the mother is unwilling or unavailable to be 
tested herself. If the antibody test is negative and the child 
has not been breastfed in the last 6 weeks, there is then no 
need for further testing unless there is ongoing exposure 
(e.g. through breastfeeding). If the antibody is positive, this 
does not mean that the child is infected, but if other signs 
of immune defi ciency are present it may warrant empirical 
treatment according to WHO guidelines if PCR testing is 
not available.



691

Section 6.2

Child < 18 months of age with known HIV exposure or sick child with unknown HIV exposure but 
signs and symptoms suggestive of HIV infection 

Virological testing from 
6–8 weeks or older

Counsel for HIV- 
positive result. Follow 

assessment and 
management 

procedures after HIV 
diagnosis

Virological testing from 
6–8 weeks or older 

Not breastfeeding

POSITIVE
POSITIVE

Breastfeeding

NEGATIVE
NEGATIVE

Counsel for HIV- 
positive result. 

Follow assessment 
and management 
procedures after 
HIV diagnosis 

Infant considered to 
be HIV-uninfected. 
Counsel for HIV- 
negative result

If infant develops 
signs and 

symptoms of HIV, 
repeat testing is 

needed 

Counsel for HIV- 
negative result.

Infant remains at risk 
of acquiring HIV until 
complete cessation of 

breastfeeding

Infant develops 
signs and 

symptoms of HIV

Infant is well

Virological testing

POSITIVE

Counsel for HIV- 
positive result. 

Follow assessment 
and management 
procedures after 
HIV diagnosis 

Antibody testing at 
age 12 months

POSITIVENEGATIVE

Counsel for HIV- 
negative result.

Infant considered to 
be HIV-uninfected if 

no longer 
breastfeeding

Infant is likely to 
be HIV-infected

Counsel for HIV- 
positive result. 

Follow assessment 
and management 
procedures after 
HIV diagnosis 

FIGURE 6.2.D.1 Algorithm for diagnosing HIV infection in infants and children less than 18 months of age.

Many children born to HIV- infected mothers may die 
before this age, and a diagnosis of HIV infection may be 
presumptive, dependent on signs and symptoms. Thus, 

based on age, the clinical, serological and virological tests 
and status of breastfeeding will determine the diagnosis of 
a child undergoing evaluation (see Table 6.2.D.2).

TABLE 6.2.D.2 Proposed methods for diagnosing HIV in children (born to mothers identifi ed as HIV- positive or with unknown HIV status) 
in resource- limited settings* (see Figure 6.2.D.1)

Age of child

Diagnostic method < 12 months 12–18 months > 18 months

Clinical staging Yes Yes Yes

Serological (antibody) May be helpful† Yes‡ Yes

Virological Yes Yes, if serology is positive No, serology is defi nitive

*If the child is breastfeeding, a negative diagnostic test, either serological or virological, would have to be repeated 6 weeks after 
cessation of all breastfeeding. 
† A positive antibody test in a child under 12 months of age defi nes the exposure status of the child and may be helpful when the 
mother’s HIV status is unknown.
‡ By the age of 12 months, HIV antibody- positive testing can be considered indicative of probable HIV infection, and should be 
confi rmed by a second antibody test after 18 months.
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Algorithms for diagnosis are shown in Figures 6.2.D.1 
and 6.2.D.2.

Notes to Figure 6.2.D.1.
1 If HIV exposure is not certain, consider testing the 

mother fi rst before doing a virological test on the child. 
If the mother tests negative for HIV, explore other risk 
factors for HIV transmission.

2 In infants and children under 18 months of age con-
sidered to be HIV- uninfected who develop signs or 
symptoms suggestive of HIV, virological testing should 
be performed.

3 If virological testing is not available, antibody testing can 
be performed. By the age of 12 months most uninfected 
children will have lost maternal antibody, and positive 
antibody testing at this time usually indicates HIV infec-
tion in the child (96% specifi city). In infants younger 
than 12 months where antibody testing is still positive, 
a presumptive clinical diagnosis of severe HIV disease 
may need to be made, as it is not possible to reliably 
establish HIV infection with antibody testing before the 

age of 12 months (i.e. specifi city at age 9–12 months 
is 74–96%). In this situation, confi rmation of the pre-
sumptive clinical diagnosis of HIV infection by virological 
testing should be sought as soon as possible.

4 Antibody testing can be performed at the age of 
12 months (see above).

5 Where the infant is being considered to be HIV- infected 
based upon a positive antibody test performed at 
12 months of age or older, the result should be confi rmed 
by virological testing (in children less than 18 months 
of age) or by antibody testing (once they are over 
18 months of age).

Notes to Figure 6.2.D.2.
1 A defi nitive diagnosis of HIV infection in children aged 

* 18 months can be made with antibody testing. HIV 
testing procedures for children aged * 18 months follow 
the national HIV testing guidelines for adults. Virological 
testing can be used to diagnose HIV infection at any age.

2 One positive HIV antibody test (rapid test or ELISA) 
should be confi rmed by a second HIV antibody test 

Child > 18 months with known HIV exposure or sick child with unknown HIV exposure but signs 
and symptoms suggestive of HIV infection 

Confirmatory HIV antibody test 

Breastfeeding during past 
6

 
weeks

POSITIVE

HIV antibody test 

NEGATIVE

Signs/symptoms 
consistent with HIV 

persist

Inconclusive. 
Continue according 

to national HIV 
testing guidelines 

for adults 

Confirmatory third 
HIV antibody test

Counsel for HIV- 
negative result

Inconclusive. Continue according 
to national HIV testing guidelines 

for adults 

Counsel for HIV- 
positive result. 

Follow assessment 
and management 
procedures after 
HIV diagnosis 

POSITIVE NEGATIVE

NOYES

Repeat HIV antibody 
testing > 6 weeks 

after stopping 
breastfeeding 

NO

NEGATIVE

YES

POSITIVE

Counsel for HIV- 
positive result. 

Follow assessment 
and management 
procedures after 
HIV diagnosis 

FIGURE 6.2.D.2 Algorithm for diagnosing HIV infection in infants and children aged 18 months or older.
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(rapid test or ELISA) using an assay that relies on a dif-
ferent antigen or has different operating characteristics. 
In low- HIV- prevalence settings, a third confi rmatory test 
may be required. 

3 Children who are breastfed have an ongoing risk of 
acquiring HIV infection. Therefore HIV infection can be 
excluded only after stopping breastfeeding for more than 
6 weeks. 

HIV antibody test (ELISA or rapid tests) 
Rapid tests are widely available and are safe, effective, 
sensitive and reliable for diagnosing HIV infection in children 
above the age of 18 months. For those under 18 months, 
HIV antibody tests are a sensitive reliable way to exclude HIV 
infection in non- breastfeeding children. For those children 
under 18 months, confi rm all positive HIV antibody tests 
by virological tests as soon as possible (see below). Where 
this is not possible, repeat antibody testing at 18 months.

Rapid HIV tests can be used to exclude HIV infection in 
a child presenting with malnutrition or other serious clinical 
events in areas with high HIV prevalence. 

To confi rm the diagnosis, it is necessary to use assays 
that detect the virus itself or viral components. Such tests 
include antigen detec tion tests, viral culture, amplifi ca-
tion tech niques and HIV- specifi c IgA tests.

Virological testing 
Virological testing for HIV- specifi c RNA or DNA is the most 
reliable method of diagnosing HIV infection in children under 
18 months of age. This requires sending a blood sample to a 
specialised laboratory that can perform this test, and these 
are becoming increasingly available in large centres in many 
countries. It is relatively inexpensive, easy to standardise, 
and can be done using dried blood spots. In infants and 
children undergoing virological testing, the following assays 
(and respective specimen types) are potentially available:

 O HIV DNA on whole blood specimens or dried blood 
spots (DBS)

 O HIV RNA on plasma or DBS
 O ultrasensitive p24 antigen (Up24 Ag) on plasma or DBS.

The new ultrasensitive p24 assay is as accurate as PCR 
virology, signifi cantly less expensive, and less resource 
demanding when used to diagnose HIV. It is particularly 
valuable in infants under 12 months old.

A test at birth will only detect in- utero infection, whereas 
most infection occurs at delivery. Infected infants can 
suffer life- threatening infections in the fi rst weeks of life. 
Where there is a high risk of infection (e.g. a mother who 
seroconverts in pregnancy, has a low CD4 count or other 
genital lesions and has had no antiretrovirals), testing should 
be done at 2 weeks of age. Where the risk is low (e.g. a 
mother who has been on HAART throughout pregnancy), 
the test can be delayed until 6 weeks of age. At the fi rst DTP 
immunisation of all infants, the maternal HIV status should 
be checked from records or rapid testing. If it is positive 
or unavailable, the child should be tested. All HIV- exposed 
infants should have HIV virological testing at 4–6 weeks of 
age or at the earliest opportunity thereafter.

If the child has had zidovudine (ZDV) prophylaxis during 
and after delivery, virological testing is not recommended 
until 4–8 weeks after delivery, as ZDV interferes with the 
reliability of the test. 

One virological test that is positive at 4–8 weeks is 

suffi cient to diagnose infection in a young infant. If the 
young infant is still breastfeeding, and the DNA virological 
test is negative, it needs to be repeated 6 weeks after the 
complete cessation of breastfeeding to confi rm that the 
child is not HIV infected.

Infants with signs or symptoms suggestive of HIV 
infection must undergo HIV serological testing and, if this 
is positive, virological testing. In breastfeeding infants or 
children it is strongly recommended that breastfeeding is 
not discontinued in order to perform any kind of diagnos-
tic HIV test. In sick infants in whom HIV infection is being 
considered as an underlying cause of symptoms and signs, 
and virological testing is not available, HIV serological testing 
and the use of a clinical algorithm for presumptive clinical 
diagnosis of HIV infection are strongly recommended.

In infants with an initial positive virological test result, it 
is strongly recommended that ART be started without delay 
and, at the same time, a second specimen be collected to 
confi rm the initial positive virological test result. Do not delay 
ART. In infected infants, immediate initiation of ART saves 
lives, and commencement of ART should not be delayed while 
waiting for the results of the confi rmatory test. Results from 
the CHER trial suggest initiation of ART before 12 weeks of 
age results in a 75% reduction in early mortality.

(Cotton MF, Violari A, Otwombe K, et al. (2013) Early 
time- limited antiretroviral therapy versus deferred therapy in 
South African infants infected with HIV: results from children 
with HIV early antiretroviral (CHER) randomised trial. Lancet 
382: 1555–63.)

Test results from virological testing in infants should be 
returned to the clinic and the child and their mother or carer 
as soon as possible, but at the very latest within 4 weeks 
of specimen collection. Positive test results should be 
fast- tracked to the mother–baby pair as soon as possible 
to enable prompt initiation of ART.

All infants with unknown or uncertain HIV exposure who 
are being seen in healthcare facilities at or around the time 
of birth or at the fi rst postnatal visit (usually 4–6 weeks), or 
at another child health visit, should have their HIV exposure 
status ascertained.

Clinically well, HIV- exposed infants should undergo HIV 
serological testing at around 9 months of age (or at the time 
of the last immunisation visit). Those who have positive 
serological assays at 9 months should have a virological 
test to identify whether they need ART.

Recently the WHO Technical Reference Group for 
Paediatric HIV/ART and Care made the following key 
recommendations with regard to when and how to test 
for HIV in children:
1 Infants known to have been exposed to HIV should have 

a virological test (HIV nucleic acid test) at 4–6 weeks of 
age, or at the earliest opportunity for infants seen after 
4–6 weeks.

2 Urgent HIV testing is recommended for any infant pre-
senting to healthcare facilities with signs, symptoms or 
medical conditions that could indicate HIV.

3 All infants should have their HIV exposure status estab-
lished at their fi rst contact with the healthcare system, 
ideally before 6 weeks of age.

4 Infants under 6 weeks of age, of unknown HIV exposure 
status and in settings where local or national antenatal 
HIV seroprevalence is greater than 1%, should be offered 
maternal or infant HIV antibody testing and counselling 
in order to establish their exposure status.
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Other laboratory tests
 O A low CD4 count or CD4:CD8 ratio suggests HIV 

infection, but requires specialised equipment. A low 
total lymphocyte count is a much less expensive 
though less specifi c surrogate marker of HIV infection 
and immunosuppression.

 O HIV infection can also cause anaemia or thrombocyto-
paenia. It is appropriate to test for HIV in children who 
present with low platelet counts.

 O Lack of thymic shadow on chest X- ray is a feature of 
advanced disease, but is clearly not specifi c, as the 
thymus tends to shrink in volume in response to a variety 
of acute infections in childhood.

Assessment of HIV- infected and HIV- 
exposed children 
Any child with an illness compatible with HIV infection 
should be properly evaluated irrespective of HIV exposure. 
This includes neonates, infants and children with perinatal 

exposure, and those with specifi c signs and symptoms 
suggestive of HIV infection, chronic or unexplained illness, 
or known exposure during childhood. Figure 6.2.D.3 shows 
a useful algorithm that can be used by paediatricians and 
other clinical care providers for the initial evaluation and 
management of children with known exposure to HIV, or 
sick children with symptoms suggestive of HIV infection but 
unknown history of exposure. 

Notes to Figure 6.2.D.3.
1 An expert in the management of children with HIV should 

be consulted wherever this is feasible.
2 If HIV is suspected, compassionate counselling before 

HIV testing should be arranged.
3 Maternal advanced HIV disease and low CD4 are risk 

factors for HIV transmission.
4 Successful treatment with ART in mothers reduces the 

risk of transmission.
5 PMTCT using ZDV monotherapy alone, ZDV plus NVP 

single dose, and NVP single dose alone is associated 

Child with known HIV exposure Ill child with unknown HIV exposure but 
with suspected HIV infection

Assess the likelihood of acquiring HIV 
infection by asking for the following 
history:
· Mother’s history: maternal HIV 

disease status, mother alive or dead, 
ART or prophylaxis for MTCT, mode 
of delivery, breast feeding

· Father’s history: HIV status, father 
alive or dead, travel/employment 
away from home, etc.

· Blood transfusion: source of blood 
and was it tested

Identify whether there are HIV risk 
factors in the family, possible MTCT, 
blood transfusion, injecting drug use, 

history of migrant work, or high number 
of sexual contacts 

Perform history and physical 
examination

Child has signs and symptoms of HIV 
infection including opportunistic 

infections
Appropriate investigations/treatment for 

opportunistic infections 

· Perform HIV diagnosis testing if there 
are risk factors and/or signs or 
symptoms consistent with HIV 
infection or HIV-related opportunistic 
infections

· Diagnostic methods used depend on 
child’s age

· In cases where maternal HIV status 
cannot be confirmed and virological 
testing is not available to diagnose 
HIV infection in a child younger than 
18 months, HIV antibody test should 
be performed to confirm HIV 
exposure via MTCT

· Perform history and physical 
examination for child who has 
symptoms and/or signs of HIV 
infection

· Look for opportunistic infections
· Undertake appropriate investigation 

and treatment for opportunistic 
infection

Identify needs for ART for prevention of 
MTCT and CTX to prevent PCP

Perform HIV diagnostic testing
Methods depend on child’s age

FIGURE 6.2.D.3 Initial assessment of a child with known HIV exposure or a sick child with unknown HIV exposure but with suspected HIV 
infection. MTCT, mother- to- child transmission; ART, antiretroviral therapy; PCP, pneumocystis pneumonia. 
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with transmission rates of approximately 5–10%, 3–5% 
and 10–20%, respectively.

6 An infant remains at risk of acquiring HIV for as long as 
he or she is breastfed.

Perinatally acquired HIV infection
HIV1 transmission occurs more frequently than that of HIV2. 
It occurs in late pregnancy, during delivery and through 
breastfeeding, and transmission is more likely if any of the 
following factors are present:

 O advanced maternal HIV disease
 O premature labour
 O prolonged rupture of membranes
 O contact with maternal blood
 O in the fi rst twin
 O maternal genital infection.

Prevention of mother- to- child transmission 
(PMTCT) of HIV and infant feeding in the 
context of HIV
HIV transmission may occur during pregnancy, labour and 
delivery, or through breastfeeding. The best way to prevent 
transmission is to prevent sexually acquired HIV infection, 
especially in pregnant women, and to prevent unintended 
pregnancies in HIV- positive women. If an HIV- infected 
woman becomes pregnant, she should be provided with 
services including antiretroviral drugs, safe obstetric prac-
tices, and infant feeding counselling and support (see 
Section 2.8.C).

The key recommendations of the 2010 WHO guidance 
on ARV drugs for treatment of pregnant women and preven-
tion of HIV in infants are as follows:

Women who are immunocompromised
As early as possible, provide ART for all HIV- positive preg-
nant women both to benefi t the health of the mother and 
to prevent HIV transmission to her child during pregnancy 
and breastfeeding.

Start lifelong ART for all pregnant women with severe or 
advanced clinical disease (stage 3 or 4), or with a CD4 count 
of ) 350 cells/mm3, regardless of symptoms. HIV- positive 
pregnant women in need of treatment for their own health 
(i.e. as soon as the eligibility criteria are met) should start 
ART irrespective of gestational age, and should continue 
with it throughout pregnancy, delivery, during breastfeeding 
and thereafter.

The recommended first- line regimens for pregnant 
women are as follows:

 O AZT + 3TC + NVP or
 O AZT + 3TC + EFV or
 O TDF + 3TC (or FTC) + NVP or
 O TDF + 3TC (or FTC) + EFV.

The infant is given NVP or AZT starting as soon as pos-
sible after birth (aim for less than 6 hours postpartum) and 
continued for 4–6 weeks. 

Women who are not immunocompromised
Antiretroviral (ARV) prophylaxis is indicated for HIV- positive 
pregnant women with relatively strong immune systems 
who do not need ART for their own health. This would 
reduce the risk of HIV transmission from mother to child. 
There are two options, both of which should start early in 
pregnancy, at 14 weeks or as soon as possible thereafter. 

The two options provide a signifi cant reduction in MTCT 
with equal effi cacy in this group of women who are not 
eligible for ART.

Option A: Twice daily AZT for the mother during preg-
nancy; if the mother has less than 4 weeks of AZT, give 
single- dose nevirapine during labour, and AZT and lami-
vudine during labour and for 7 days postpartum. Give the 
infant prophylaxis with either AZT or NVP for 6 weeks after 
birth if he or she is not breastfeeding. If the infant is breast-
feeding, daily NVP infant prophylaxis should be continued 
for 1 week after the end of the breastfeeding period.

or
Option B: a three- drug prophylactic regimen for the 

mother, taken during pregnancy and throughout the breast-
feeding period, as well as infant prophylaxis for 6 weeks 
after birth, whether or not the infant is breastfeeding.

Option B+: all pregnant and breastfeeding women 
infected with HIV should initiate ART as lifelong treatment.

Breastfeeding
The global availability of ART means that there is enough 
evidence for the WHO to recommend breastfeeding for 
mothers with HIV.

Even with ART there is still a small risk of HIV transmis-
sion, particularly if there is any interruption to treatment, 
either in supply or absorption (due to diarrhoea or vomiting). 
HIV can be transmitted through breast milk at any point 
during lactation, so the rate of infection in breastfed infants 
increases with duration of breastfeeding. 

In many countries, public health services where there 
is poor access to clean drinking water and alternatives to 
breastfeeding have not been able to adequately support 
and provide safe replacement feeding. HIV- positive mothers 
have faced the dilemma of whether to give their babies all 
the benefi ts of breastfeeding but expose them to the risk 
of HIV infection, or avoid all breastfeeding and increase the 
risk of their baby’s death from diarrhoea and malnutrition.

The effectiveness of ART in reducing transmission 
through breastfeeding has resulted in two major changes 
in 2012 from previous guidelines:
1 National health authorities should decide whether health 

services will principally counsel and support HIV- positive 
mothers to either:

 O breastfeed and receive ARV interventions or
 O avoid all breastfeeding, as the strategy that is most 

likely to give infants the greatest chance of HIV- free 
survival.

2 In settings where national authorities recommend that 
HIV- positive mothers should breastfeed, and provide 
ARVs to prevent transmission, mothers should exclu-
sively breastfeed their infants for the fi rst 6 months 
of life, introducing appropriate complementary foods 
thereafter, and should continue breastfeeding for the 
fi rst 12 months of life.

Mothers who are known to be HIV infected and who decide 
to stop breastfeeding at any time should stop gradually over 
1 month. Stopping breastfeeding abruptly is not advisable 
(World Health Organization, 2010).

These new guidelines have great potential to improve 
the mother’s own health and to reduce the mother- to- child 
HIV transmission risk to 5% or lower in a breastfeeding 
population in the absence of any interventions and with 
continued breastfeeding. With ART the WHO is aiming 
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for complete prevention of mother- to- child transmission 
worldwide by 2015.

Where a decision has been made to continue breast-
feeding because the child is already infected, infant feeding 
options should be discussed for future pregnancies. This 
should be carried out by a trained and experienced 
counsellor.

If a child is known to be HIV- infected and is being 
breastfed, encourage the mother to continue breastfeeding 
if living in a resource- limited country, as there is usually a 
high risk of gastroenteritis in such regions.

If the mother is known to be HIV- positive and the child’s 
HIV status is unknown, the mother should be counselled 
about the benefi ts of breastfeeding as well as the risk of 
HIV transmission through breastfeeding. If replacement 
feeding is acceptable, feasible, affordable, sustainable and 
safe, avoidance of further breastfeeding is recommended. 
Otherwise, exclusive breastfeeding should be practised if 
the child is less than 6 months of age, and breastfeeding 
should be discontinued as soon as these conditions are 
in place.

Infants born to HIV- positive mothers who have escaped 
perinatal infection have a lower risk of acquiring HIV if 
they are not breastfed. However, their risk of death may 
be increased if they are not breastfed in situations where 
there is no regular access to nutritionally adequate, safely 
prepared breast milk substitutes, and there is a high risk 
of gastroenteritis.

Counselling should be provided by a trained and 
experienced counsellor. Take advice from local people 
experienced in counselling so that any advice given is con-
sistent with what the mother will receive from professional 
counsellors at a later stage.

If the mother decides to use breast milk substitutes, 
counsel her about their correct use and demonstrate their 
safe preparation.

Management of the child with a 
suspected or proven HIV infection

 O The aim of treatment should be to maintain the best 
possible quality of life for the child for as long as pos-
sible, without bankrupting the family. This disease affects 
the whole family, and the child must be treated in the 
context of the needs of all of the family.

 O Currently there are far more questions than evidence- 
based answers; published data on many management 
issues in the context of resource- limited countries are 
not available.

 O Much can be achieved with compassionate supportive 
care, by applying existing guidelines (such as Integrated 
Management of Childhood Illness algorithms) with an 
awareness of the need for early diagnosis and interven-
tion in the HIV- infected child.

 O Diagnosis of infections such as tuberculosis, lower 
respiratory infections, bacteraemia (particularly with 
non- typhoid salmonellae, staphylococci or streptococci) 
and opportunistic infections can be diffi cult, and often 
relies on empirical trials of therapy.

A low threshold for antibiotic use is appropriate, but may 
exacerbate diarrhoea and candidiasis, and may only be 
effective if given IV or IM, in the presence of diarrhoea and 
malabsorption.

Most infections in HIV- positive children are caused by 
the same pathogens as in HIV- negative children, although 
they may be more frequent, more severe and occur repeat-
edly. There is recent evidence that Staphylococcus aureus 
may be more invasive in children with HIV.

Clinical staging of HIV infection
In a child with diagnosed or highly suspected HIV infection, 
a clinical staging system helps to identify the degree of 
damage to the immune system and to plan treatment and 
care options. The stages determine the likely prognosis of 
HIV, and are a guide as to when to start, stop or substitute 
ARV therapy in HIV- infected children.

The clinical stages identify a progressive sequence 
from least to most severe, such that the higher the clinical 
stage the poorer the prognosis. For classifi cation purposes, 
once a stage 3 clinical condition has occurred, the child’s 
prognosis will probably remain that of stage 3, and will 
not improve to that of stage 2, even with resolution of the 
original condition, or the appearance of a new stage 2 clini-
cal event. ART with good adherence dramatically improves 
the prognosis.

The clinical staging events can also be used to identify 
the response to ARV treatment if there is no easy or afford-
able access to viral load or CD4 testing. 

TABLE 6.2.D.3 WHO paediatric clinical staging system for use in 
children under 13 years with confi rmed laboratory evidence of HIV 
infection (HIV antibody where age is > 18 months, DNA or RNA 
virological testing where age is < 18 months)

Stage 1  O Asymptomatic
 O Persistent generalised lymphadenopathy (PGL)

Stage 2  O Unexplained persistent hepatosplenomegaly
 O Papular pruritic eruptions
 O Fungal nail infections
 O Lineal gingival erythema (LGE)
 O Extensive wart virus infection
 O Extensive molluscum infection (> 5% of body 

area)
 O Recurrent oral ulcerations (two or more episodes 

in 6 months)
 O Parotid enlargement
 O Herpes zoster
 O Recurrent or chronic upper respiratory tract 

infections (otitis media, otorrhoea, sinusitis, two 
or more episodes in any 6- month period)

Stage 3  O Unexplained moderate malnutrition not 
responding to standard therapy 

 O Unexplained persistent diarrhoea (for > 14 days)
 O Unexplained persistent fever (intermittent or 

constant, for > 1 month)
 O Oral candidiasis (outside the neonatal period)
 O Oral hairy leukoplakia
 O Pulmonary tuberculosis1 
 O Severe recurrent presumed bacterial pneumonia 

(two or more episodes in 6 months)
 O Acute necrotising ulcerative gingivitis or 

periodontitis 
 O Lymphoid interstitial pneumonia (LIP)
 O Unexplained anaemia (< 8 grams/dL), 

neutropenia (< 500/mm3) or thrombocytopenia 
(< 30 000/mm3) for > 1 month

(continued)
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Stage 4  O Unexplained severe wasting or severe 
malnutrition not responding to standard therapy

 O Pneumocystis pneumonia
 O Recurrent severe presumed bacterial infections 

(two or more episodes within 1 year, e.g. 
empyema, pyomyositis, bone or joint infection, 
or meningitis, but excluding pneumonia)

 O Chronic orolabial or cutaneous herpes simplex 
infection (for > 1 month)

 O Disseminated or extrapulmonary tuberculosis 
 O Kaposi’s sarcoma
 O Oesophageal candidiasis 
 O Symptomatic HIV seropositive infant 

< 18 months of age with two or more of the 
following: oral thrush, with or without severe 
pneumonia, with or without failure to thrive, with 
or without severe sepsis2 

 O CMV retinitis 
 O CNS toxoplasmosis
 O Any disseminated endemic mycosis, including 

cryptococcal meningitis (e.g. extrapulmonary 
cryptococcosis, histoplasmosis, coccidiomycosis, 
penicilliosis)

 O Cryptosporidiosis or isosporiasis (with diarrhoea 
for > 1 month)

 O Cytomegalovirus infection (onset at age 
> 1 month in an organ other than liver, spleen or 
lymph nodes)

 O Disseminated mycobacterial disease other than 
tuberculous 

 O Candida of trachea, bronchi or lungs
 O Acquired HIV- related recto- vesical fi stula
 O Cerebral or B- cell non- Hodgkin’s lymphoma
 O Progressive multifocal leukoencephalopathy 

(PML)
 O HIV encephalopathy
 O HIV- related cardiomyopathy
 O HIV- related nephropathy

1 TB may occur at any CD4 count, and CD4% should be 
considered where available. 
2 Presumptive diagnosis of stage 4 disease in seropositive 
children under 18 months of age requires confi rmation with HIV 
virological tests, or with HIV antibody test if over 18 months of 
age.

Antiretroviral therapy (ART) 
Antiretroviral (ARV) drugs are becoming more widely avail-
able, and have revolution ised the care of children with 
HIV/AIDS. ARV drugs are not a cure for HIV, but they have 
dramatically reduced mortality and morbidity, and improved 
the quality and length of life. The WHO recommends that in 
resource- limited settings, HIV- infected adults and children 
should start ARV therapy based upon clinical or immuno-
logical criteria, and using simplifi ed standardised treatment 
guidelines. 

Resistance to single or dual agents is quick to emerge, 
so single- drug regimens are contraindicated. Indeed at 
least three drugs are the recommended minimum standard 
for all settings. Although new ARV drugs are coming on 
to the market, frequently these are not available for use in 
children, due to lack of suitable formulations or dosage 
data, or their high costs. 

As children with HIV are often part of a household that 
includes an adult with HIV, ideally access to treatment and 
ARV drugs needs to be ensured for other family members, 
and where possible similar drug regimens should be used. 
Fixed- dose combinations are increasingly available, and are 
preferred as they promote and support treatment adher-
ence, as well as reducing the cost of treatment. Existing 
tablets often cannot be divided into lower dosages for 
children (under 10 kg), so syrups or solutions and suspen-
sions are needed. 

The underlying principles of ART and the choice of 
fi rst- line ART in children are largely the same as for adults. 
However, it is also important to consider the following:

 O availability of a suitable formulation that can be taken in 
appropriate doses

 O simplicity of the dosage schedule
 O taste/palatability and thus compliance in young children
 O the ART regimen that the parent(s) or carers are or will 

be taking.

Suitable formulations for children are not available for some 
ARVs (particularly the protease inhibitor class of drugs). 

Antiretroviral drugs
Antiretroviral drugs fall into three main classes, namely 
nucleoside analogue reverse transcriptase inhibitors 
(NRTIs), non- nucleoside reverse transcriptase inhibitors 
(NNRTIs), and protease inhibitors (PIs) (see Table 6.2.D.4). 

Triple therapy is the standard of care. 
The WHO currently recommends that fi rst- line regimens 

should be based upon two nucleoside analogue reverse 
transcriptase inhibitors (NRTIs) plus one non- nucleoside 
drug (NNRTI). The use of triple NRTI as fi rst- line therapy 
is currently considered a secondary alternative because of 
recent research fi ndings in adults. Protease inhibitors are 
usually recommended as part of second- line regimens in 
most resource- limited settings.

Efavirenz (EFV) is the NNRTI of choice in children who 
are on rifampicin, if treatment needs to start before anti- 
tuberculous therapy is completed. 

For drug dosages and regimens, see Appendix 4.

Calculation of drug dosages
Drug doses are given per kg for some drugs and per m2 
surface area of the child for others. A table giving the 
equivalent weights of various surface area values is provided 
in Section 9 of this textbook, to aid dosage calculation. In 
general, children metabolise PI and NNRTI drugs faster 
than adults, and require higher than adult equivalent doses 
to achieve appropriate drug levels. Drug doses have to be 
increased as the child grows, otherwise there is a risk of 
under- dosage and development of resistance.

Formulations
Liquid formulations may not be readily available, are more 
expensive, and may have a reduced shelf- life. As the child 
gets older, the amount of syrup that needs to be taken 
becomes quite considerable. Therefore, in patients over 
10 kg in weight, it is preferable to give parts of scored tablets 
or combination preparations (see Appendix 4).
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TABLE 6.2.D.4 Classes of antiretroviral drugs recommended for 
use in children in resource- limited settings

Nucleoside analogue reverse transcriptase inhibitors (NRTIs)

Zidovudine ZDV/AZT 180–240 mg/m2 twice daily

Lamivudine 3TC 4 mg/kg twice daily up to a 
maximum of 150 mg twice 
daily

Stavudine d4T 1 mg/kg twice daily up to 
30 mg twice daily

Didanosine ddI 90−120 mg/m2/dose twice 
daily

Abacavir ABC 8 mg/kg/dose given twice 
daily up to 300 mg twice 
daily

Non- nucleoside reverse transcriptase inhibitors (NNRTIs)

Nevirapine NVP 160–200 mg/m2 up to a 
maximum of 200 mg twice 
daily

Efavirenz EFV 15 mg/kg/day up to 600 mg 
once daily

Etravirine ETV 200 mg twice daily for 
adolescents

Protease inhibitors (PIs)

Lopinavir/
ritonavir

LPV/r 230–350 mg/m2 twice daily

Darunavir DRV 10–20 mg/kg twice daily

Atazanavir ATV 7 mg/kg once daily

Ritonavir RTV Given as a ‘booster’ with 
another PI 

Integrase inhibitors

Raltegravir RAL 400 mg twice daily for 
adolescents

First- line ART for children under 3 years of 
age
An LPV/r- based regimen should be used as fi rst- line ART 
for all children infected with HIV who are under 3 years 
(36 months) of age, regardless of NNRTI exposure. If LPV/r 
is not feasible, treatment should be initiated with an NVP- 
based regimen.

Where viral load monitoring is available, consideration 
can be given to substituting LPV/r with an NNRTI after 
virological suppression is sustained.

For infants and children under 3 years of age who are 
infected with HIV, ABC + 3TC + AZT is recommended as 
an option for children who develop TB while on an ART 
regimen containing NVP or LPV/r. Once TB therapy has 
been completed, this regimen should be stopped and the 
initial regimen should be restarted.

For infants and children under 3 years of age who are 
infected with HIV, the NRTI backbone for an ART regimen 
should be ABC + 3TC or AZT + 3TC (this is a strong recom-
mendation but with low- quality evidence).

First- line ART for children aged 3 years or 
older (including adolescents)
For children aged 3 years or older (including adolescents) 
who are infected with HIV, EFV is the preferred NNRTI for 
fi rst- line treatment, and NVP is the alternative. 

For children aged 3–9 years (and adolescents weighing 
less than 35 kg) who are infected with HIV, the NRTI back-
bone for an ART regimen should be one of the following, 
in order of preference:

 O ABC + 3TC
 O AZT or TDF + 3TC (or FTC).

For adolescents who are infected with HIV (10–19 years 
old, weighing 35 kg or more), the NRTI backbone for an 
ART regimen should align with that of adults and be one 
of the following, in order of preference:

 O TDF + 3TC (or FTC)
 O AZT + 3TC
 O ABC + 3TC.

When to start ART 
About 20% of HIV- infected infants in developing countries 
progress to AIDS or death by 12 months of age (with a 
substantial contribution from PCP infections in infants under 
6 months of age who are not receiving co- trimoxazole 
treatment).

ART should be initiated in all children infected with HIV 
below 5 years of age, regardless of WHO clinical stage or 
CD4 count, that is:

 O Infants diagnosed in the fi rst year of life.
 O Children infected with HIV when aged 1–4 years.

ART should be initiated in all children infected with HIV aged 
5 years or older with a CD4 cell count of less than 500 cells/
mm3, regardless of WHO clinical stage, that is: 

 O CD4 count less than 350 cells/mm3.
 O CD4 count between 350 and 500 cells/mm3.

ART should be initiated in all children infected with HIV with 
severe or advanced symptomatic disease (WHO clinical 
stage 3 or 4) regardless of age and CD4 count.

ART should be initiated in any child younger than 
18 months who has been given a presumptive clinical 
diagnosis of HIV infection.

Infants and children with specifi c conditions
 O For children or adolescents with severe anaemia (< 7.5 g/

dL) or severe neutropenia (< 0.5/mm3), avoid AZT.
 O For adolescents over 12 years of age with hepatitis B, 

the preferred regimen is tenofovir (TDF) + emtricitabine 
(FTC) or 3TC + NNRTI.

Side effects of antiretroviral therapy and 
monitoring
The response to antiretroviral treatment and the side effects 
of treatment both need to be monitored. Where CD4 cell 
count or viral load monitoring is available, this should be 
done every 3 to 6 months and can provide information on 
the success or failure of the response to treatment, and 
therefore guide changes to treatment. Where this is not 
possible, clinical parameters, including clinical staging 
events, need to be used (see Table 6.1.D.3).

Monitoring the response after ARV initiation 
 O After ARV initiation or a change in ARVs see the child at 

2 and 4 weeks after the start or change.
 O All children should be seen if there are any problems that 

concern the caregiver, or inter- current illness.
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Long- term follow- up
 O A clinician should see the child at least every 3 months.
 O A non- clinician (ideally the provider of ARV medication, 

such as a pharmacist, who would assess adherence 
and provide adherence counselling) should see the 
child monthly.

 O The child should be seen more frequently, preferably by 
a clinician, if clinically unstable.

Monitoring the response (see Appendix 1)
At entry into care and at initiation of ART, and then at 
regular intervals and as required by symptoms, monitor 
the following:

 O weight and height (monthly)
 O neurodevelopment (monthly)
 O adherence (monthly)
 O CD4 (%) if available (then every 3 to 6 months)
 O viral load if available (every 3 to 6 months)
 O baseline haemoglobin or haematocrit (if on ZDV/AZT), 

full chemistry (renal function, liver enzymes, especially 
ALT for liver toxicity) and lipids (if available)

 O symptom- related determination: haemoglobin or haem-
atocrit or full blood count, ALT.

General long- term side effects of antiretroviral therapy 
include lipodystrophy. The specifi c side effects of individual 
antiretroviral drugs are summarised in Appendix 5.

When to change treatment
Drugs need to be substituted for others when there is: 

 O treatment- limiting toxicity, such as:
 — Stevens–Johnson syndrome (SJS)
 — severe liver toxicity
 — severe haematological fi ndings

 O drug interaction (e.g. tuberculosis treatment with 
rifampicin interfering with NVP or PI)

 O potential lack of adherence by the patient if they cannot 
tolerate the regimen.

TABLE 6.2.D.8 Clinical and CD4 defi nition of ARV treatment failure 
in children (after 6 months or more of ARV)

Clinical criteria CD4 criteria

Lack of or decline in growth 
among children with an initial 
growth response to ARV

Return of CD4% if aged 
< 6 years (% or count if aged 
* 6 years) to pre- therapy 
baseline or below, without 
other cause

Loss of neurodevelopmental 
milestones or onset of 
encephalopathy

* 50% fall from peak CD4% if 
aged < 6 years (% or count if 
aged * 6 years), without other 
aetiology

New or recurrent WHO clinical 
Stage 4 conditions

First- line regimen treatment failure; when to 
switch regimens
1 A switch to a second- line regimen is recommended 

when:
 O clinical failure is recognised and/or
 O immunological failure is recognised and/or
 O virological failure is recognised. 

2 Clinical failure is defi ned as the appearance or reappear-
ance of WHO clinical stage 3 or stage 4 events after at 

least 24 weeks on ART in a treatment- adherent child. It 
is important to exclude TB as a cause of clinical failure, 
especially when there is poor growth.

3 Immunological failure is defi ned as developing or return-
ing to the following age- related immunological thresholds 
after at least 24 weeks on ART, in a treatment- adherent 
child:

 O CD4 count of < 200 cells/mm3 or CD4+% < 10% for 
a child between 2 and 4 years of age

 O CD4 count of < 100 cells/mm3 for a child aged 
5 years or older.

4 Virological failure is defi ned as a persistent viral load 
above 5000 RNA copies/mL, after at least 24 weeks 
on ART, in a treatment- adherent child.

Principles
Virological failure is due to resistance mutations acquired 
either at the time of infection or as a result of poor adher-
ence. Even a resistance test before starting treatment (not 
widely available) will not always show archived mutations 
(not in the majority of the virus tested). Acquired resist-
ance is more likely if there is initial improvement (ideally 
documented virologically). A history of missed doses is 
usually not given readily, but it is essential that support to 
ensure 100% adherence is put in place before second- line 
treatment is started. 

In the absence of routine CD4 or viral load assays, 
judgements should be made about treatment failure based 
on:

 O clinical progression 
 O CD4 decline as defi ned in Table 6.2.D.8.

Generally, patients should have received 6 months or more 
of ARV therapy, and adherence problems must be ruled 
out where possible before considering treatment failure and 
switching ARV regimens.

If an apparent deterioration is due to the immune recon-
stitution infl ammatory syndrome (IRIS), this is not a reason 
for switching therapy. IRIS usually starts within weeks or 
the fi rst few months after starting ART in children who 
have very low CD4 counts (< 15%). The most common 
initiator is TB which has been latent, but the symptoms of 
other opportunistic infections can develop as the immune 
recovery enables a response. Treatment is of the infection, 
and ART should be continued.

Immune reconstitution infl ammatory 
syndrome (IRIS)
It is important to differentiate IRIS clinically from treatment 
failure, because the symptoms may be similar. IRIS can 
be confused with several other clinical events that are also 
observed in children with advanced HIV disease, such as 
opportunistic infections, ARV- related toxicity, or HIV disease 
clinical progression.

What is IRIS?
IRIS is an exaggerated immune response to antigens or 
organisms. The related organisms could be mycobacteria 
(e.g. Mycobacterium tuberculosis, non- tuberculosis myco-
bacteria), viruses (e.g. herpes zoster, herpes simplex) or 
fungi (e.g. Cryptococcus neoformans). 
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Who is at risk of developing IRIS?
It usually occurs in a child with low baseline CD4 or WHO 
clinical stage 3 or 4 before initiation of ART. The incidence 
rate of IRIS could be as high as 15–25%.

When does IRIS develop?
It usually occurs during the fi rst 6 months after initiation of 
ART, although it commonly manifests during the fi rst month. 
During the initial period of ART, antiretroviral drugs cause a 
rapid decline in HIV viral load and a rapid rise in CD4, so a 
brisk immune response to antigen is developed. 

What are the common manifestations of 
IRIS?
There are two types of IRIS:

 O ‘Worsening type’: clinical worsening of a previously 
treated opportunistic infection. For example: 

 — worsening of respiratory symptoms and/or chest 
X- ray fi nding in a child with previously treated pul-
monary tuberculosis

 — severe headache in a child with previously treated 
cryptococcal meningitis.

 O ‘Unmasking type’: unmasking of a previously subclini-
cal infection with exaggerated infl ammatory response. 
For example: 

 — suppurative lymphadenitis from Mycobacterium 
infection 

 — development of an abscess at the BCG vaccination 
site.

How should IRIS be managed?
 O ARVs should be continued. 
 O For the ‘unmasking type’, the appropriate anti- infective 

agents are needed.
 O In most cases, the symptoms of IRIS resolve after a 

few weeks. However, some reactions can be severe 
or life- threatening, requiring a short course of steroid 
treatment (e.g. IRIS from pulmonary tuberculosis with 
acute respiratory distress syndrome (ARDS), IRIS from 
M. avium complex infection with high- grade fever and 
severe abdominal pain, IRIS from cryptococcal men-
ingitis with a severe increase in intracranial pressure).

Second- line treatment regimens in the 
event of treatment failure
After failure of a fi rst- line NNRTI- based regimen, a boosted 
PI plus two NRTIs are recommended for second- line ART. 
LPV/r is the preferred boosted PI.

After failure of a fi rst- line LPV/r- based regimen, chil-
dren younger than 3 years should remain on their fi rst- line 
regimen, and measures to improve adherence should be 
undertaken.

After failure of a fi rst- line LPV/r- based regimen, children 
aged 3 years or older should be switched to a second- line 
regimen containing an NNRTI plus two NRTIs. EFV is the 
preferred NNRTI.

After failure of a fi rst- line regimen of ABC or TDF + 3TC 
(or FTC), the preferred NRTI backbone option for second- 
line ART is AZT + 3TC. 

After failure of a fi rst- line regimen containing AZT or d4T 
+ 3TC (or FTC), the preferred NRTI backbone option for 
second- line ART is ABC or TDF + 3TC (or FTC).

Third- line ART
Third- line regimens should include new drugs with minimal 
risk of cross- resistance to previously used regimens, such 
as integrase inhibitors and second- generation NNRTIs 
and PIs.

Patients on a failing second- line regimen with no new 
ARV options should continue with a tolerated regimen. 

Strategies that balance the benefi ts and risks for chil-
dren need to be explored when second- line treatment fails. 

 O For older children and adolescents who have more 
therapeutic options available to them, constructing 
third- line ARV regimens with novel drugs used to treat 
adults, such as ETV, DRV and RAL, may be possible. 

 O Children on a second- line regimen that is failing with no 
new ARV drug options should continue with a tolerated 
regimen. If ART is stopped, opportunistic infections still 
need to be prevented, symptoms relieved and pain 
managed.

Nutritional care and failure to thrive 
(see Appendix 3)
Nutrition is a long- term concern in all HIV- infected children. 
Stunting frequently develops within the fi rst 12 months, 
although most children maintain normal weight- for- height 
ratios. Close monitoring of growth, and early protein/calorie, 
vitamin A and other micronutrient supplementation need 
to be evaluated.

 O Regular vitamin A as per WHO guidelines. 
 O Supplementary feeding if possible (aim for 150 kcal/

kg/day).
 O Exclude or treat Candida.
 O Exclude or treat enteric infection.
 O Consider zinc defi ciency (see Section 5.10.A).
 O Consider fever.
 O Consider depression.
 O Consider pain.

Clinical management
1 HIV- infected children should be assessed routinely for 

nutritional status, including weight and height, at sched-
uled visits, particularly after the initiation of ART.

2 HIV- infected children on or off ART who are sympto-
matic, who have conditions requiring increased energy 
(e.g. TB, chronic lung disease, chronic oral infections, 
malignancies) or who have weight loss or evidence of 
poor growth, should be provided with 25–30% additional 
energy.

3 HIV- infected children who are severely malnourished 
should be managed as per the guidelines for uninfected 
children and provided with 50–100% additional energy.

4 HIV- infected children should receive one recommended 
daily allowance of micronutrients daily. If this cannot 
be ensured through the diet, or there is evidence of 
defi ciency, supplementation should be given.

5 HIV- infected infants and children should receive high- 
dose vitamin A supplementation every 6 months 
between 6 and 59 months of age, as per the guidelines 
for uninfected children (see Section 5.10.A).

6 HIV- infected children who have diarrhoea should receive 
zinc supplementation as part of management, as per 
the guidelines for uninfected children.
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7 For infants and young children who are known to be HIV 
infected, mothers are strongly encouraged to exclusively 
breastfeed for 6 months and to continue breastfeeding 
as per recommendations for the general population (i.e. 
up to 2 years of age and beyond).

Respiratory disorders in children with HIV 
infection
Symptoms include cough, shortness of breath, fever, 
sweats and cyanosis.

The aetiology of acute respiratory infections is 
similar to that of community- acquired infections in immu-
nocompetent children (Mycobacterium tuberculosis, 
Pneumococcus, Haemophilus infl uenzae, Staphylococcus 
aureus, Mycoplasma pneumonia) (see Section 5.3.A and 
Section 6.1.N). However, children with HIV may require 
more prolonged courses of treatment. 

Studies on the aetiology of pneumonia among HIV- 
infected children in resource- limited countries have 
identifi ed Streptococcus pneumoniae, Staphylococcus 
aureus, Haemophilus infl uenzae and Klebsiella species 
as the major bacterial pathogens in HIV- infected children. 
HIV- negative children are affected by the same pathogens, 
although at lower rates. The post- mortem studies showed 
similar results, except that H. infl uenzae was slightly less 
prominent. M. tuberculosis was prevalent regardless of 
HIV status, refl ecting its signifi cance in resource- limited 
countries. From the limited data available, RSV and parain-
fl uenza appear to be the most prevalent viral causes of 
pneumonia.

In cases of failed treatment, consider using a second- 
line antibiotic. 

Treatment of recurrent infections is the same, regardless 
of the number of recurrences.

Specifi c HIV- related causes of infection 
and illness
Pneumocystis jiroveci (formerly carinii) 
pneumonia (PCP)

 O PCP should be suspected and anti- pneumocystis 
therapy considered in any HIV- positive infant with severe 
pneumonia.

 O Severe generalised pneumonia usually includes ventila-
tion/perfusion mismatch and severe hypoxaemia.

 O High fever is uncommon compared with bacterial 
pneumonia.

PCP is most likely to develop in a child whose HIV infec-
tion occurred in the previous 12 months (the peak time is 
4–6 months), or over 12 months if they have a low CD4 
count and are not on co- trimoxazole prophylaxis. There is 
an absent or low- grade fever, non- productive cough and 
diffi culty breathing. Signs include severe respiratory distress 
(tachypnoea, chest indrawing), which is disproportionate 
to fi ndings on auscultation (usually normal breath sounds 
or only a few crackles). If an oxygen saturation monitor is 
available, check at rest and, if normal, again after exercise. 
The latter may show hypoxia or, if there is a severe infec-
tion, cyanosis. 

There may be a history of a poor response to 48 hours 
of first- line antibiotics, and elevated levels of lactate 
dehydrogenase. 

PCP is often the fi rst clinical indicator of HIV infection, 
and is a WHO clinical stage 4 criterion.

Clinical and radiological signs are not diagnostic. 
However, a clear chest or diffuse chest signs on ausculta-
tion are typical with PCP infection, as is the presence of 
diffuse infi ltrates and areas of hyperinfl ation rather than focal 
signs on a chest X ray.

Induced sputum and nasopharyngeal aspiration are use-
ful for obtaining sputum for examination. Nasopharyngeal 
aspirate has a low sensitivity with conventional staining 
techniques, and requires PCR. Induced sputum tech-
niques greatly increase the diagnostic yield. Beware the 
risk of infection being transmitted to operators, espe-
cially of multiple drug- resistant tuberculosis, for example. 
Bronchoalveolar lavage may provide a diagnosis if 
adequate resources are available.

Treatment of PCP
Severe disease (severe respiratory distress, severe 
hypoxia): treat with co- trimoxazole 60–90 mg/kg IV 
12- hourly for a minimum of 7 days, followed by oral drugs 
in the same doses for another 2 weeks (IV if there is severe 
nausea). In addition, give high- dose dexamethasone for the 
fi rst 5 days (150 micrograms/kg/dose 6- hourly for 4 days) or 
prednisolone 0.5 mg/kg 12- hourly for 5 days, then 0.25 mg/
kg 12- hourly for 5 days, then 0.25 mg/kg daily for 5 days. 
The response usually occurs after more than 5–7 days of 
appropriate high- dose therapy. 

Less severe disease: treat with oral co- trimoxazole 
30 mg/kg 6- hourly for 21 days (trimethoprim (TMP) 5 mg/
kg; sulfamethoxazole (SMX) 25 mg/kg).

If the child has a severe drug reaction, change to pen-
tamidine (4 mg/kg once a day by IV infusion) for 3 weeks, 
or trimethoprim 5 mg/kg/dose orally 6- hourly and dapsone 
100 mg/kg once a day for 21 days.

Continue co- trimoxazole prophylaxis (see below) on 
recovery, and ensure that ART is being given. 

Co- trimoxazole prophylaxis
Co- trimoxazole prophylaxis has been shown to be very 
effective in HIV- infected infants and children in reducing 
mortality and the likelihood of PCP as a cause of severe 
pneumonia. PCP is now unusual in countries where prophy-
laxis is routine.

Co- trimoxazole also protects against common bacterial 
infections, toxoplasmosis and malaria.

Who should be given co- trimoxazole?
 O All HIV- exposed children (children born to HIV- infected 

mothers) from 4–6 weeks of age, whether or not they 
are part of a prevention of mother- to- child transmission 
(PMTCT) programme. 

 O Any child under 5 years old identifi ed as HIV- infected, 
regardless of CD4 count. 

 O Any child over 5 years old with a CD4 count of less 
than 25%.

 O Any child with a history of PCP.

See Appendix 2 for management.

For how long should co- trimoxazole be given?
 O HIV- exposed children: for the fi rst year, or until HIV infec-

tion has been defi nitively ruled out and the mother is no 
longer breastfeeding. 
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 O HIV- infected children:
 — Indefi nitely where ARV treatment is not yet available. 
 — Where ARV treatment is being given, co- trimoxazole 
may only be stopped once clinical or immunological 
indicators confi rm restoration of the immune system 
for 6 months or more (also see below). On the basis 
of current evidence it is not yet clear whether co- 
trimoxazole continues to provide protection after 
immune restoration is achieved. 

 — If there is a history of PCP pneumonia, continue 
indefi nitely.

Under what circumstances should co- trimoxazole be 
discontinued?

 O If severe cutaneous reactions such as Stevens–Johnson 
syndrome occur with co- trimoxazole or other sulpha 
drugs, or if there is renal and/or hepatic insuffi ciency 
or severe haematological toxicity (severe anaemia 
or pancytopenia). It is contraindicated in children 
with glucose- 6- phosphate dehydrogenase (G6PD) 
defi ciency.

 O In an HIV- exposed child, only after HIV infection has 
confi dently been excluded:

 — For a non- breastfeeding child under 18 months of 
age, this is by negative DNA or RNA virological HIV 
testing. 

 — For a breastfed HIV- exposed child under 18 months 
of age, negative virological testing is only reliable if 
performed 6 weeks after cessation of breastfeeding.

 — For a breastfed HIV- exposed child over 18 months 
of age, negative HIV antibody testing 6 weeks after 
stopping breastfeeding.

 O In an HIV- infected child: 
 — If the child is on ARV therapy, co- trimoxazole can be 
stopped only when evidence of immune restoration 
has been obtained. Continuing co- trimoxazole may 
continue to provide benefi t even after the child has 
clinically improved. 

 — If ARV therapy is not available, co- trimoxazole should 
not be discontinued. 

What doses of co- trimoxazole should be used? 
 O Recommended dosages of 6–8 mg/kg TMP once daily 

should be used.
 — For children under 6 months of age, give 2.5 mL of 
suspension (40/200 mg in 5 mL) or 1 paediatric tablet 
(or ¼ adult tablet, 20 mg TMP/100 mg SMX: tablets 
can be crushed).

 — For children aged 6 months to 5 years, give 5 mL of 
suspension or 2 paediatric tablets (or ½ adult tablet).

 — For children aged 6–14 years, give 10 mL of suspen-
sion or 1 adult tablet. 

 — For children over 14 years, give 2 adult tablets.
 O Use weight- band dosages rather than body- surface- 

area doses. 
 O If the child is allergic to co- trimoxazole, dapsone is the 

best alternative. Give dapsone after 4 weeks of age in 
an oral dose of 2 mg/kg/24 hours once daily.

 O If the patient is G6PD- positive, consider giving penta-
midine or atovaquone. 

What follow- up is required?
Co- trimoxazole prophylaxis should be a routine part of the 
care of HIV- infected children, and must be assessed for tol-
erance and adherence at all regular clinic visits or follow- up 
visits by healthcare workers and/or other members of the 
multidisciplinary care team. It is suggested that initial clinic 
follow- up in children takes place monthly, and then every 
3 months if co- trimoxazole is well tolerated. 

Lymphocytic interstitial pneumonitis (LIP)
LIP is a non- infectious pulmonary disorder caused by white 
cell infi ltration into alveolae. It is most common in children 
over 2 years old, and is a clinical stage criterion which is 
an indication for starting ART. 

LIP is common in children (it occurs in at least 40% of 
children with perinatal HIV), but rare in adults (it occurs in 
about 3% of adults with HIV). Various studies in Africa have 
documented a 30–40% prevalence of LIP in HIV- infected 
children, and up to 60% prevalence in those with chronic 
lung disease. LIP is often mistaken for pulmonary TB 
(miliary) because of the chronic cough and the miliary- like 
pattern on chest X- ray.

Pathogenesis: Possible explanations for LIP include 
a co- infection of the lungs by HIV and Epstein–Barr virus 
(EBV), leading to immune stimulation with lymphoid infi ltra-
tion and chronic infl ammation. 

The child is often asymptomatic in the early stages, 
but may later have a mild persistent cough, with or without 
diffi culty in breathing, bilateral parotid swelling, persistent 
generalised lymphadenopathy, poor growth, hepatomeg-
aly and other signs of heart failure (tender hepatomegaly, 
bilateral pitting pedal oedema, loud second heart sound 
and fi nger clubbing). Chest auscultation may be normal, or 
there may be widespread crackles. It may produce severe 
ventilatory perfusion mismatch with hypoxaemia, but may 
be asymptomatic.

There is an increased risk of lower respiratory tract 
infection, including bronchiectasis. It is also associated 
with parotid, adenoid and tonsillar enlargement (and may 
produce sleep- related upper airway obstruction; see 
Section 5.1.D).

LIP may be mistaken for miliary TB, but the child is 
systematically too well.

Suspect LIP if the chest X- ray shows a bilateral reticulo- 
nodular interstitial pattern that is prominent in the lower 
lobes, nodules less than 5 mm in diameter, a single patchy 
alveolar opacity, hyperinfl ation or isolated bullae. It must 
be distinguished from pulmonary tuberculosis and bilateral 

FIGURE 6.2.D.4 Chest X ray showing lymphocytic interstitial 
pneumonia (LIP): typical is hilar lymphadenopathy and lacelike 
infi ltrates.
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hilar adenopathy (see Figure 6.2.D.4). Chest X- ray diffuse 
infi ltrations and hilar lymphadenopathy persisting for more 
than 2 months despite antibiotic treatment are also a clue.

X- ray appearances are often more severe than the 
clinical features.

FIGURE 6.2.D.5 Pneumocystis jiroveci pneumonia (PCP): typical is 
a ground glass appearance.

Treatment of LIP
 O Give oxygen therapy during episodes of hypoxia.
 O Give a trial of antibiotic treatment for bacterial pneumonia 

before starting treatment with prednisolone. 
 O Start treatment with steroids only if there are chest X- ray 

fi ndings suggesting lymphocytic interstitial pneumonitis, 
plus any of the following signs:

 — fast or diffi cult breathing
 — cyanosis
 — pulse oximetry reading of oxygen saturation < 90% 
(normal value is > 93%).

 O Bronchodilators (e.g. salbutamol) are of benefi t where 
wheezing is a problem. For moderate symptoms give 
oral prednisone, 1–2 mg/kg daily for 3 days, and for 
more severe symptoms for up to 4 weeks. Then slowly 
decrease the dose over 2–4 weeks depending on the 
treatment response. If there is no response by 4 months, 
slowly taper the dose to stop over a further 2 months.

 O Only start steroid treatment if it is possible to complete 
the full treatment course (which may take several months 
depending on the resolution of signs of hypoxia), as 
partial treatment is not effective and could be harmful. 
Beware of reactivation of TB.

Tuberculosis (see also Section 6.1.N)
In a child with suspected or proven HIV infection, it is 
important always to consider the co- diagnosis of tuber-
culosis, a diagnosis which is often diffi cult. Early in HIV 
infection, when immunity is not impaired, the signs of 
tuberculosis are similar to those in a child without HIV 
infection. Pulmonary tuberculosis is still the commonest 
form of tuberculosis, even in HIV- infected children. As HIV 
infection progresses and immunity declines, dissemina-
tion of tuberculosis becomes more common. Tuberculous 
meningitis, miliary tuberculosis and widespread tuberculous 
lymphadenopathy occur. 

All children with HIV should be screened for TB.
Avoid, if practicable, children with HIV being in contact 

with a TB- infected person.

Isoniazid preventive therapy (IPT)
1 All HIV- infected infants and children who are exposed to 

TB through household contacts, but show no evidence 
of active disease, should begin isoniazid preventive 
therapy (IPT).

2 Children who have either poor weight gain, fever, cough 
or a contact with TB should be evaluated for active TB. 
If TB is excluded, give IPT.

3 Children living with HIV (over 12 months of age, and 
including those previously treated for TB), who are not 
likely to have active TB, and who are not known to be 
exposed to TB, should receive 6 months of IPT as part 
of a comprehensive package of HIV care.

4 Infants living with HIV, who have been exposed to TB but 
are evaluated as not having active TB, should receive 
IPT as part of a comprehensive package of HIV care.

5 The recommended dose of isoniazid (INH) for preven-
tive therapy in HIV co- infection is 10 mg/kg daily for 
6 months (maximum 300 mg/day).

6 See the child monthly and give a 1- month supply of 
isoniazid at each visit.

Investigations
A tuberculin skin test (TST, Mantoux) is unreliable in HIV 
and should not be used. Since a defi nitive diagnosis of 
TB in children is diffi cult, there could be clinical features 
that are very suggestive of TB, leading to a high index of 
suspicion. In such cases a negative TST should not prevent 
you from starting anti- TB treatment. Furthermore, several 
people develop TB infection when they come into contact 
with the TB pathogens, but they do not go on to develop 
signs and symptoms of TB disease, because their immune 
systems control the infection. When the immune systems 
break down, such individuals develop signs and symptoms 
suggestive of TB disease. A TST can be positive in either 
state, and without signs and symptoms would be sugges-
tive of TB infection and not TB disease.

Chest X- ray: this may be normal, or it may show non- 
specifi c infi ltrates, hilar or paratracheal lymphadenopathy, 
persistent opacities after an antibiotic trial, or a miliary 
pattern. 

Microscopy (alcohol and acid- fast bacilli, AAFB), Ziehl–
Neelsen (ZN) stain) and culture: this is the most important 
investigation. Sputum which may need to be induced by 
saline nebuliser (in an isolation room with staff wearing a 
fi ne- particle (FP3) mask), and gastric aspirate (if the child 
is coughing, take this in the early morning before they 
have had anything to eat or drink). Collect at least three 
specimens.

Treatment of infants and children diagnosed 
with TB and HIV
Treat TB in HIV- infected children with the same anti- TB drug 
regimen as for non- HIV- infected children with TB. 

Thiacetazone is associated with a high risk of severe, and 
sometimes fatal, skin reactions in HIV- infected children, and 
must not be given. These reactions can start with itching, 
but progress to severe reactions.

Recommended ART regimens for children 
who need TB treatment
Recommended regimens for children and adolescents 
initiating ART while on TB treatment
Younger than 3 years
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Two NRTIs + NVP, ensuring that the dose is 200 mg/m2

or
Triple NRTI (AZT + 3TC + ABC).

3 years or older
Two NRTIs + EFV
or
Triple NRTI (AZT + 3TC + ABC).

Recommended regimens for children and infants 
initiating TB treatment while receiving ART
Child on standard NNRTI- based regimen (two NRTIs 
+ EFV or NVP)

Younger than 3 years
Continue NVP, ensuring that the dose is 200 mg/m2

or
Triple NRTI (AZT + 3TC + ABC).

3 years or older
If the child is receiving EFV, continue the same regimen.
If the child is receiving NVP, substitute with EFV
or
Triple NRTI (AZT + 3TC + ABC).

 O TB should be treated with standard regimes, the 
emphasis being on achieving high adherence rates. 
The development of multi- drug- resistant TB is a very real 
threat if compliance is poor. Directly observed therapy 
(DOT) may be the best approach.

 O Any child with active TB disease and HIV infection should 
begin TB treatment immediately, and start ART as soon 
as tolerated in the fi rst 8 weeks of TB therapy, irrespec-
tive of CD4 count and clinical stage.

 O For all HIV- infected children, anti- TB therapy should be 
started immediately upon the diagnosis of TB, and ART 
should continue.

Bronchiectasis
Suspect bronchiectasis if there is a persistent cough pro-
ductive of copious sputum (in vomit in young children) or 
haemoptysis associated with fever, anorexia and failure to 
thrive. There may be clubbing and localised coarse crackles 
on auscultation. Obtain a chest X- ray and sputum for Gram 
stain and culture as well as AAFB; differential diagnoses 
include TB and LIP. Treatment consists of physiotherapy 
with postural drainage, bronchodilators and antibiotics. 
Intravenous amoxicillin (50 mg/kg 6- hourly) and gentamicin 
(7.5 mg/kg daily) may be required for 2 weeks. 

Cytomegalovirus (CMV)
CMV can present with pneumonia with fever, dry cough, 
respiratory distress and hypoxia. CMV also causes 
oesophagitis and gastroenteritis presenting with nausea, 
diffi culty swallowing, diarrhoea and vomiting. CMV retinitis 
is often asymptomatic or may cause blurred vision, stra-
bismus and ultimately blindness. The fundi show white 
perivascular infi ltrates and haemorrhages, reduced acuity 
and fi eld defects. 

A chest X- ray may show diffuse interstitial infi ltrates. 
Oesophageal endoscopy may show linear, localised or 
punctate ulcers. Biopsies show typical inclusion cells. 

Treatment is with ganciclovir 6 mg/kg 12- hourly for 
14 days. 

Other lung infections
Other opportunistic lung infections that may occur include 
Pseudomonas aeruginosa, Chlamydia, Mycoplasma, 
Cryptococcus neoformans, Aspergillus, cytomegalovirus, 
Histoplasma, Coccidioides, Legionella and Nocardia.

Gastrointestinal disorders
Oral and oesophageal problems
Oral candidiasis
This is the most common form of fungal infection and the 
most common orofacial manifestation encountered in HIV- 
infected children. It progresses to involve the oesophagus 
in 20% of cases, and denotes signifi cantly impaired T- cell 
function. 

It presents as white plaques on mucosa that are diffi cult 
to remove, loss of taste, pain on swallowing, reluctance to 
eat, increased salivation and crying during feeds.

Treatment for oral candida
 O Nystatin 100 000 IU/mL oral suspension, 1–2 mL four to 

six times a day for 7 days or 
 O Local gentian violet 0.5% aqueous solution twice daily 

for 7 days (dissolve one teaspoonful (5 mL) of crystals 
in 1 litre of water, fi lter off the residue, and use within 
7 days) or

 O Clotrimazole 1%, miconazole 2% gel, or amphotericin 
B suspension/lozenges three times daily or

 O Fluconazole 3–6 mg/kg on the fi rst day, then 3 mg/kg 
(maximum 100 mg) daily for 1–2 weeks. If there is rare 
resistance to fl uconazole, give ketoconazole oral tablets, 
3.3–6.6 mg daily.

Oesophageal candidiasis
Oesophageal candidiasis is a stage 4 clinical feature indicat-
ing profound immune impairment (advanced HIV disease). 
The only clinical symptom may be reluctance to feed. It 
presents as diffi culty or pain while vomiting or swallowing, 
reluctance to take food, excessive salivation, or crying 
during feeding. The condition may occur with or without 
evidence of oral candida. If oral candida is not found, give 
a trial of treatment with fl uconazole (3–6 mg/kg once a day). 
Exclude other causes of painful swallowing (e.g. cytomeg-
alovirus, herpes simplex, lymphoma and, rarely, Kaposi’s 
sarcoma), if necessary by referral to a larger hospital where 
appropriate testing is possible.

Treatment for oesophageal candidiasis
 O Give oral fl uconazole, 3–6 mg/kg once a day for 7 days, 

except if the child has active liver disease. 
 O Give amphotericin B, 0.5–1 mg/kg/dose once a day) by 

IV infusion for 10–14 days to children with liver disease 
and in cases where there is a lack of response to oral 
therapy, inability to tolerate oral medications, or the 
risk of disseminated candidiasis (e.g. in a child with 
leukopenia).

Viral oesophagitis
Herpes simplex virus (HSV)
Herpes simplex virus (HSV) infection may either be primary 
(herpetic gingivostomatitis) or secondary (herpes labialis). 
The prevalence of oral HSV infection ranges from 10% to 
35% in adults and children with HIV infection. The presence 
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of HSV infection for more than 1 month constitutes an 
AIDS- defi ning condition.

Clinical appearance
HSV infection appears as a crop of vesicles, usually local-
ised on the keratinised mucosa (hard palate, gingiva) and/
or the vermillion borders of the lips and perioral skin. The 
vesicles rupture and form irregular painful ulcers. They 
may interfere with mastication and swallowing, resulting in 
decreased oral intake and dehydration. 

Systemic therapy with antiviral agents is recommended. 
The treatment is more effective if it is instituted in the pro-
dromal stage of infection. Treat with aciclovir 20–40 mg/
kg orally or IV four times daily for 7 days (maximum single 
dose is 800 mg).

Cytomegalovirus (CMV) infection: treat with ganciclo-
vir IV 5 mg/kg every 12 hours for 14–21 days.

Refl ux oesophagitis may also be present. Treat with 
antacids and/or an H2- antagonist, such as ranitidine 2 mg/
kg twice daily (see Section 5.12.E).

Idiopathic aphthous ulcers: if possible these need to 
be differentiated from HSV by viral culture. Pay attention 
to oral hygiene. Thalidomide is useful if they are severe.

Severe periodontal and gingival disease 
(cancrum oris)
Periodontal (gum) disease is common among HIV- infected 
patients. It is characterised by bleeding gums, bad breath, 
pain or discomfort, mobile teeth, and sometimes sores. 
Its reported prevalence ranges widely, from 0% to 50%. 
If left untreated, HIV- associated periodontal disease may 
progress to life- threatening infections, such as Ludwig’s 
angina and noma (cancrum oris).

Noma is a gangrenous condition that primarily affects 
children. It is a multifactorial disease. The most important 
risk factors are poverty, chronic malnutrition, poor oral 
hygiene and severe immunosuppression. Although it is 
considered to be a preventable disease, noma has a case- 
fatality rate of 70–90% if left untreated.

 O Treat with benzylpenicillin 50 mg/kg 4- hourly or amoxicillin 
40–60 mg/kg IV 8- hourly. Change to oral antibiotics once 
the child is able to swallow (usually after 24–48 hours). 

 O Provide materials for and education on dental hygiene.

Rarely, malignancy (Kaposi’s sarcoma or non- Hodgkin’s 
lymphoma) or oral hairy leukoplakia (white lacy markings on 
the sides of the tongue associated with Epstein–Barr virus 
infection; no treatment required) occur. Visceral Kaposi’s 
sarcoma may present with persistent diarrhoea, intestinal 
obstruction and abdominal pain.

Persistent diarrhoea (see Section 5.12.B)
Case management should start with management of 
dehydration with oral rehydration solution. Dysentery (loose 
stools with blood) should be managed in the same way as 
for non- HIV- infected children (e.g. for Shigella infection). 
Concur with the local prevalence of treatable infections. 
Giardiasis, cryptosporidiosis, microsporidiosis, Shigella, 
Salmonella, Campylobacter, enteropathogenic E. coli and 
Yersinia may each contribute to gastrointestinal dysfunction. 
HIV itself may cause an enteropathy, and in highly immuno-
suppressed children, atypical mycobacterial infection and 
protozoa such as Blastocystis hominis may cause diar-
rhoea. Even with sophisticated microbiology, no pathogen 

may be found, and malabsorption due to lactase defi ciency 
and other brush- border defects should be considered. 
All antiretroviral drugs (except AZT) can cause diarrhoea, 
particularly ritonavir. 

Chronic or recurrent diarrhoea
Normal endemic pathogens may be responsible, such 
as rotavirus, Giardia lamblia, Campylobacter jejuni (see 
Section 5.12.A and Section 5.12.B), salmonellae (typhoid 
and non- typhoid), E. coli, Shigella, Entamoeba histolytica 
and Strongyloides stercoralis.

Investigations 
 O Fresh stool microscopy and culture: Giardia, Entamoeba.
 O Ova and cysts: helminths.
 O ZN stain: cryptosporidia, cyclospora.
 O pH and reducing substances: lactose intolerance.
 O CD4 count < 50: CMV, mycobacterium avium 

intracellulare
 O CD4 count < 100: cryptosporidium, microsporidiosis.

Look for signs of vitamin defi ciencies: 
 O Vitamin A: night blindness, dry eyes, Bitot’s spots (on 

conjunctivae).
 O Vitamin D: rickets (wide wrist, double malleoli, bow legs, 

rachitic rosary, Harrison’s sulcus).
 O Vitamin E: dry rough skin.
 O Vitamin K: ecchymosis, purpura.

Opportunistic infections such as those listed below may 
be responsible:

 O Bacterial: atypical mycobacterial infections, such as 
Mycobacterium avium complex (MAC) (see below).

 O Protozoa and parasites: cryptosporidia, microsporidia, 
Isospora belli. Treat with azithromycin 10 mg/kg once 
daily.

 O Viral: cytomegalovirus, herpes simplex virus.
 O Fungal: histoplasmosis, coccidiomycosis, Candida. If 

severe, treat with fl uconazole 3 mg/kg once daily.

Diarrhoea may be secondary to antibiotics, either by direct 
effects or through Clostridium diffi cile. Stop antibiotics as 
soon as possible. Give live yoghurt with or without oral 
vancomycin.

If lactose intolerance is present, give lactose- free feeds.
Treat dysentery with ciprofl oxacin 15 mg/kg 12- hourly 

for 3 days, or ceftriaxone 50 mg/kg once a day for 2–5 days, 
plus metronidazole 7.5 mg/kg 8- hourly for 7 days. 

Nutritional management includes calorie replacement, 
which may need to be nasogastric, but always encourage 
eating. Ensure that additional food is not just recommended 
but actually given. Vitamin A, multivitamins and zinc (10–
20 mg once a day for 10–14 days) supplementation may 
be of benefi t (see Section 5.10.A).

Prevention: Use hygienic practices during food prepa-
ration, always use clean water, avoid bird and animal 
faeces, avoid swimming in fresh water, and avoid reptiles 
(salmonellae).

Abdominal pain
This is most frequently related to infections, but occasion-
ally is caused by tumours (non- Hodgkin’s lymphoma and 
Kaposi’s sarcoma).
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Malabsorption
HIV can be directly associated with an enteropathy. Lactase 
defi ciency and other brush- border defects can also be 
responsible. Consider trial of a lactose- free diet.

Central nervous system disorders
A myriad of HIV- related CNS diseases have been described. 
Primary CNS infection by HIV is quite common, as it is a 
neurotropic virus. Various abnormalities of the central nerv-
ous system (CNS) and peripheral nervous system (PNS) are 
associated with HIV and AIDS. These abnormalities may be 
attributable to the following causes: HIV infection, complica-
tions related to immunosuppression, neurotoxic effects of 
antiretroviral treatments, and other systemic complications 
of HIV that affect brain function.

Neurological disorders in people with HIV infection 
include peripheral neuropathies (nerve disorders that affect 
the limbs or feet and hands), myelopathy (disorders of the 
spinal cord), focal cerebral mass lesions (brain tumours 
such as CNS lymphoma), CNS complications of oppor-
tunistic infections, vascular (blood vessel) abnormalities, 

seizures and encephalopathies. Developmental delays 
and regression are also important CNS- related problems 
in HIV- infected children.

The neurological manifestations of HIV infection include 
the following:

 O progressive or static encephalopathy
 O seizures
 O strokes
 O HIV myopathy
 O HIV myelopathy
 O peripheral neuropathy
 O psychiatric manifestations
 O sleep problems.

The effect of HIV on the brain ranges from severe effects, 
found in more than 50% of patients dying of AIDS at post- 
mortem, to the much more common and milder effects on 
the developing brain in children, which result in mild learning 
diffi culties. It is particularly important to recognise this so 
that appropriate support can be given (e.g. reminding the 
patient to take ART).

TABLE 6.2.D.10 Comparison of features of major CNS mass lesions in HIV

Clinical Neuroimaging (if available)

Disease Timing Fever Number of 
lesions

Type of lesions Location of lesions

Cerebral 
toxoplasmosis

Acute onset of 
symptom

Common Multiple Enhancing spherical rings; mass 
effect

Basal ganglia

Primary CNS 
lymphoma

Insidious onset 
of symptom

Usually 
absent

One or 
few

Irregular shape, weakly 
enhancing, mass effect

Periventricular, peri- ependymal, 
corpus callosum

Tuberculoma Insidious onset 
of symptom

Common One or 
few

Discrete lesions, signifi cant 
surrounding oedema, mass effect

Supratentorial in adults, infratentorial 
in children (at the base of the brain 
near the cerebellum)

Cryptococcoma 
cryptococcal 
meningitis

Acute onset of 
symptom

Common Variable Mass lesions, dilated perivascular 
spaces, oedema

Basal ganglia

Care of HIV- infected children with CNS involvement requires 
a thorough evaluation and stepwise therapy according to 
the underlying aetiology. A multidisciplinary approach is 
usually needed for appropriate care.

Specifi c neurological problems
HIV encephalopathy

 O Rapid onset or chronic and relapsing forms.
 O Hypertonic (spastic) diplegia and expressive language 

delay.
 O Acquired microcephaly with developmental regression 

(loss of skills).
 O White- matter disease predominates. It does not cause 

seizures, and therefore seizures need to be fully inves-
tigated for another pathology.

Encephalitis
Toxoplasma gondii

 O Prevention: avoid cats and cat faeces:
 — avoid raw uncooked or partially cooked food
 — can be acquired congenitally.

 O Diagnosis: CT/MRI of the brain, and serology (if available).
 O Treat with co- trimoxazole 60 mg/kg orally (IV if there is 

severe nausea) 12- hourly for 2 weeks.
 O Then give lifelong prophylaxis: sulfadiazine 85–120 mg/

kg/day in two doses, pyrimethamine 1 mg/kg/day (maxi-
mum 25 mg) and folinic acid 5 mg every 3 days.

JC virus (papovavirus)
The JC virus is associated with progressive multifocal 
leukoencephalopathy, a disease characterised by altered 
mental status, limb weakness, or both. Patients may 
also exhibit personality changes with frequent emotional 
outbursts. There is no treatment for this illness, but strong 
antiretroviral medications (if available) can sometimes 
improve the symptoms.

Fungal lesion
This is rare. 

Diffuse CMV encephalitis
Treat with ganciclovir 5 mg/kg orally or IV 12- hourly for 
14–21 days.

Malaria
See Section 6.3.A.d.

Meningitis
Bacterial meningitis
This has the usual spectrum of pathogens, such as 
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Pneumococcus, Haemophilus infl uenzae, Meningococcus 
and Mycobacterium TB. (see Section 5.16.B).

Viral meningitis 
See Section 5.16.C.

Cryptococcosis and other fungi
 O Prevention: avoid bird faeces.
 O Clinical features: chronic onset, headache (common), 

fever, meningism (usually but not always present), and 
there may be a change in mental state.

 O Diagnosis: based on staining of CSF sample with Indian 
ink.

 O Treatment:
 — Fluconazole 6–12 mg/kg orally or, if there is severe 
nau sea, IV once daily for 14 days. There is a high 

relapse rate, therefore give prophylactic fl uconazole 
3–6 mg/kg/day or amphotericin IV 0.5–1.5 mg/kg/day 
for 14 days followed by oral fl uconazole for 8 weeks. 

Syphilis
Treat with benzylpenicillin IV 50 mg/kg every 6 hours for 
48 hours, then oral penicillin 25 mg/kg 6- hourly for 3 weeks 
(20% of cases may have a systemic febrile response to 
penicillin).

Tuberculosis
See Section 6.1.N.

Cerebral abscess
Acute bacterial or tuberculosis.

TABLE 6.2.D.11 Neurological manifestations of paediatric HIV infection

Abnormality Clinical fi ndings Diagnostic studies (if available)

Focal cerebral 
mass lesions

Headache, nausea/vomiting, motor defi cits 
(usually asymmetrical), discoordination, visual 
changes, altered mental status

CT/MRI: enhancing lesions

Lumbar puncture: CSF may reveal abnormal cytology or 
Epstein–Barr virus via PCR

Brain biopsy: sometimes needed to confi rm diagnoses 

Myelopathy Gait disturbances, lower- extremity weakness/
spasticity incontinence, sensory abnormalities, 
abnormal lower- extremity refl exes

CT/MRI on mass lesions seen; nerve- root thickening may be 
present

CSF: polymorphonuclear pleocytosis

Myopathy Muscle weakness, muscle soreness, weight 
loss

EMG: irritative myopathy

Muscle biopsy: infl ammation, degeneration

Opportunistic 
infections

Headache, nausea/vomiting, fever, seizures, 
altered mental status, malaise

CT/MRI: multiple enhancing lesions (toxoplasmosis), 
periventricular and meningeal abnormalities (CMV)

Peripheral 
neuropathy

Distal symmetrical neuropathy
 O Distal numbness/pain
 O Paraesthesias
 O Stocking/glove sensory loss
 O Decreased ankle refl exes

Distal symmetrical neuropathy
EMG: distal axonopathy

Infl ammatory demyelinating polyneuropathy
 O Progressive weakness
 O Paraesthesias
 O Arefl exia
 O Mild sensory loss

Infl ammatory demyelinating polyneuropathy
EMG: demyelination

Progressive polyradiculopathy
 O Lower- extremity weakness
 O Paraesthesias
 O Urinary incontinence and retention
 O Diminished refl exes

Progressive polyradiculopathy
EMG: polyradiculopathy

Serum: increased creatine kinase

Progressive 
encephalopathy

Fine and gross motor defi cits 
(usually symmetrical), abnormal tone, 
neurodevelopmental delay, microcephaly, 
altered mental status

CT/MRI: brain atrophy, white- matter abnormalities

Seizures Focal or generalised seizures, post- ictal stare 
(fatigue and confusion following seizure)

EEG: abnormal patterns

CT/MRI and CSF studies: mass lesions may be seen via imaging, 
and CSF may be positive for pathogens and abnormal cells if 
aetiology is infectious or neoplastic

Lumbar puncture: may reveal infection 

Strokes 
(cerebrovascular 
accidents)

Rapid onset of focal neurological signs, 
seizures, altered mental status

CT/MRI: extent of bleeding seen (in ischaemic strokes, CT may 
not show changes during the fi rst 2–1 hours): contributing 
factors such as CNS neoplasms may be identifi ed

Lumbar puncture: with subarachnoid haemorrhages, blood will 
be present in the CSF
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TABLE 6.2.D.12 Care guidelines for children with neurological manifestations of paediatric HIV infection

Abnormality Care guidelines

Focal cerebral 
mass lesions

 O Assess for signs of increased intracranial pressure, fever, focal neurological signs and behavioural changes
 O Administer chemotherapy or antibiotics as needed
 O Provide support to family and education regarding specifi c medications needed by patients 

Myelopathy  O Assess for pain, muscle weakness, lower- extremity weakness, incontinence and spasticity
 O Administer HAART to reverse immune suppression
 O Administer muscle relaxants as needed 
 O Provide physical therapy for weakened muscles and to maintain range of motion 
 O Teach exercises to the family so that they can help the patient at home 

Myopathy  O Assess for pain, muscle weakness and range of motion 
 O Consider discontinuing medications that may be contributing to the condition
 O Administer corticosteroids and pain medications as needed
 O Provide physical therapy for weakened muscles and to maintain range of motion
 O Teach exercises to the family so that they can help the patient at home 

Opportunistic 
infections

 O Assess for signs of increased intracranial pressure, fever, focal neurological signs and behavioural changes 
 O Administer appropriate medication based on the suspected or confi rmed pathogen:

 — toxoplasmosis: pyrimethamine, sulfadiazine, clindamycin
 — cryptococcosis: fl uconazole, fl ucytosine, amphotericin B
 — herpes simplex: aciclovir
 — cytomegalovirus: ganciclovir, foscarnet

Peripheral 
neuropathy

 O Assess for numbness, paraesthesias, pain and weakness
 O Administer analgesics, tricyclic antidepressants, anticonvulsants and steroids as needed
 O Provide support to the family and education regarding progression of symptoms

Progressive 
encephalopathy

 O Assess for progressive motor dysfunction, and failure to reach or loss of age- appropriate milestones
 O Administer antiretroviral medications and muscle relaxants as needed 
 O Assist with ambulation and activities of daily living
 O Provide information to the family regarding progression of symptoms 

Seizures  O Assess for seizure activity
 O Protect the patient from injury during seizure activity
 O Monitor respiratory status: suction airway and administer oxygen as needed 
 O Administer anticonvulsant medications as needed 
 O Provide support to the family during seizures
 O Educate the patient and the family about long- term use of anticonvulsant medications and seizure precautions 

(e.g. patients with seizures should never swim alone or climb to high places from which they could fall during 
a seizure) 

Strokes  O Intensive care, including neurosurgical intervention, is often needed immediately after a stroke occurs 
 O Look for contributing factors, such as low platelet levels, which may be correctable
 O Assess for seizures
 O Assist with ambulation and activities of daily living
 O Provide physical therapy as needed 
 O Provide support and education to the family regarding the long- term prognosis 

Skin disorders 
Cutaneous lesions are often the fi rst manifestation of HIV 
noted by patients and healthcare professionals. These can 
be due to infectious or non- infectious causes. Viral, bacterial 
and fungal infections have been very frequently reported 
in HIV- infected children. These usually tend to be more 
severe and resistant to therapy. Common skin diseases 
may present with unusual skin lesions such as Norwegian 
scabies and disseminated, confl uent and large lesions of 
molluscum contagiosum (see Table 6.2.D.13). 

Seroconversion rash
Maculopapular erythematous rash (very rarely observed 
in infants).

Viral infections
Varicella

 O Chickenpox: can be very severe (affecting the lungs and 
brain) or even fatal.

 O Herpes zoster: can involve single or multiple dermato-
mes and may affect the eyes.

Treat with:
1 IV aciclovir (poorly absorbed by the oral route):

 O Age < 3 months: 10 mg/kg 8- hourly.
 O Age > 3 months: 20 mg/kg 8- hourly.

2 Valacyclovir is the prodrug of aciclovir, and achieves bet-
ter blood levels orally and is an alternative to IV aciclovir 
(if available).

3 VZIG within 96 hours of contact (if available).

HSV 1 and 2
Infection appears as a crop of localised vesicles. It may 
affect the lips, mouth and anogenital areas (rare in children 
unless sexually abused). The vesicles rupture and form 
irregular painful ulcers. They may interfere with mastica-
tion and swallowing, resulting in decreased oral intake 
and dehydration.
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 O May be recurrent and severe.
 O Treat with oral aciclovir, 20 mg/kg four times daily for 

5–7 days (maximum single dose 800 mg).

Molluscum contagiosum
Umbilicated papular lesions. Treat with ARVs (no other 
measures are effective). If neglected, giant lesions can result 
which require surgical excision.

Measles
 O Prevent by immunisation (see below and Section 6.2.E).
 O May not have a rash.
 O Giant- cell pneumonitis may occur.
 O Treat with Vitamin A and human immunoglobulin (if 

available).

Viral warts
These can be persistent and severe. Topical treatment is 
ineffective (see molluscum contagiosum above), and ARVs 
are the only effective treatment.

Bacterial infections
Impetigo and furunculitis due to Staphylococcus aureus 
are common. Treat with (fl u)cloxacillin, 12.5–25 mg/kg four 
times daily orally, or a fi rst- generation cephalosporin such 
as cephradine.

Fungal infection
Fungal infection is common and involves the feet, hands 
and groin. Treat with topical imidazole (e.g. miconazole 2% 
twice daily until healed) or terbinafi ne cream. If severe, wide-
spread or for nail infections, use itraconazole or terbinafi ne. 
Treatment will be needed for 4–6 weeks.

Antifungal drugs commonly used in paediatric patients 
include the following:

 O Itraconazole: children aged 1–12 years: course (‘pulse’) 
of 5 mg/kg (maximum 200 mg) daily for 7 days, with 
subsequent courses repeated after 21- day intervals; 
fi ngernails need two courses, and toenails need three 
courses. For children aged 12–18 years: either 200 mg 
once daily for 3 months or course (‘pulse’) of 200 mg 
twice daily for 7 days, with subsequent courses repeated 
after 21- day intervals; fi ngernails need two courses, and 
toenails need three courses.

 O Terbinafi ne: children aged over 1 year: body weight 

10–20 kg, 62.5 mg once daily; body weight 20–40 kg, 
125 mg once daily; body weight over 40 kg, 250 mg once 
daily, for 6 weeks to 3 months.

 O Fluconazole: 6 mg/kg weekly.
 O Griseofulvin: 20–25 mg/kg/day (microsize formulation) 

or 10–15 mg/kg/day (ultramicrosize formulation) for 
6–12 weeks.

Seborrhoeic dermatitis and pityriasis 
versicolor
Seborrhoeic dermatitis occurs in up to 85% of adults and 
children with HIV infection. It may be an early sign of HIV. 
It is caused by the yeast Malassezia furfur.

It is characterised by thick yellow hypopigmented scaly 
macules occurring on the scalp but also on the face or 
in the diaper (nappy) area. Older children may also have 
involvement of the nasolabial folds, the skin behind the 
ears, and the eyebrows. 

Treatment consists of selenium- based or ketoconazole 
shampoo, topical coal tar or antifungal creams, aqueous 
cream, UVB light therapy or salicylic acid. To decrease 
infl ammation, 1% hydrocortisone cream can be applied to 
the affected area (except for the face) three times per day. 
Parents should be instructed to use 1% hydrocortisone 
cream sparingly in the diaper area. 

If the condition is severe, give oral fl uconazole 3 mg/
kg once daily.

Non- specifi c pruritic papular rash
This is a common and severe problem in children with HIV 
infection. In a previously untested child it should be an 
indication for HIV testing. In a child who is known to have 
HIV, the CD4 count should be checked and ARV started 
if appropriate.

Treatment
 O Bathe in a skin antiseptic wash (e.g. dilute chlorhexidine 

solution).
 O Antihistamines: give chlorpheniramine:

 — Age < 1 year: 1 mg twice daily.
 — Age 1–5 years: 1–2 mg three times daily.
 — Age 6–12 years: 2–4 mg three times daily. 
 — Age > 12 years: 4 mg three times daily.

 O Aqueous cream and calamine lotion may be of benefi t.

Drug side effects
Drug eruptions can occur in patients who are receiving 
treatment for HIV infection. These can be severe (e.g. 
erythema multiforme, Stevens–Johnson syndrome, toxic 
epidermal necrolysis).

Drug side effects are most common with co- trimoxazole, 
sulfadiazine, anti- tuberculous drugs (e.g. thiacetazone, 
which is contraindicated in HIV infection), penicillin, cepha-
losporins and dapsone.

Drug eruptions usually appear as pink to erythematous 
papules that run together and create a blotchy appearance, 
but may include elevated patches (hives), mucous mem-
brane ulceration, scaling and light sensitivity. 

NRTIs (nevirapine and efavirenz) have been associated 
with pruritic maculopapular eruptions. Most eruptions are 
mild, and the medication can be continued with eventual 
spontaneous resolution of the eruption. 

To promote comfort, the patient can be given oral anti-
histamine such as diphenhydramine hydrochloride 1 mg/kg 

TABLE 6.2.D.13 Common infectious and non- infectious skin 
lesions in paediatric HIV

Infectious disorders and 
lesions

Non- infectious disorders 
and lesions

Viral infections
 O Herpes simplex, herpes 

zoster
 O Molluscum contagiosum
 O CMV
 O Warts

Fungal infections
 O Candida
 O Tinea onychomycosis

Bacterial infections
 O Impetigo
 O Scabies

Seborrhoeic dermatitis, atopic 
dermatitis, general dermatitis

Nutritional defi ciency

Eczema

Psoriasis

Drug eruptions

Vasculitis

Alopecia
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every 6 hours. In more severe cases, the eruptions resolve 
when the medication is discontinued. 

Most drug eruptions are mild and resolve after the 
causative medication is discontinued.

Infestations
Sarcoptes scabiei (see Section 5.18) may present as in 
children without HIV infection. It is characterised by pruritic 
papular lesions that most commonly occur in the webs of 
the fi ngers and toes, the folds of the wrist, the antecubital 
area and the axilla. Infants may also have lesions on the 
palms and soles of the feet. Scrapings observed under a 
microscope may reveal the mite, eggs or faeces. 

Treatment consists of an application of topical benzyl 
benzoate lotion, 25%, which is left on the skin to dry 
and repeated the next day. HIV- infected patients with 
advanced disease can experience a variant of scabies 
called Norwegian scabies. This type of scabies is character-
ised by generalised scaling and enlarged crusted plaques. 
After a patient is treated for scabies, the family should be 
advised to wash all clothing and bedclothes in hot water 
and iron them to kill any mites that may be living in the cloth.

Malignancy
Consider Kaposi’s sarcoma in children presenting with 
nodular skin lesions, diffuse lymphadenopathy and lesions 
on the palate and conjunctiva with peri- orbital bruising. 
The diagnosis is usually clinical, but can be confi rmed by 
a needle biopsy of skin lesions or a lymph node biopsy. 
Suspect Kaposi’s sarcoma also in children with persistent 
diarrhoea, weight loss, intestinal obstruction, abdominal 
pain or a large pleural effusion. Consider referral to a larger 
hospital for management.

Eye involvement (see Section 5.15)
 O Malignancy (e.g. non- Hodgkin’s lymphoma, Kaposi’s 

sarcoma).
 O HIV retinopathy: this is a microangiopathy with soft 

exudates. It is asymptomatic and does not require treat-
ment. It needs to be differentiated from tuberculosis.

 O Cytomegalovirus retinitis: this is the most common 
cause of visual loss in HIV. Treat with ganciclovir 5 mg/
kg IV or orally 12- hourly for 14–21 days.

 O Herpes zoster: this may produce corneal ulceration and 
retinal necrosis.

 O Toxoplasmosis: this usually causes CNS disease and 
reactivation disease, and may cause visual problems or 
blindness. Treatment includes pyrimethamine, 1–2 mg/
kg/day orally for 2 days, then 1 mg/kg/day orally for 
2 months, then 1 mg/kg/day orally for 3 days a week 
(maximum 50 mg). Secondary prophylaxis may also be 
given to prevent reactivation.

Prophylaxis for any opportunistic infections consists of 
the following:

 O Primary prophylaxis: giving medication to prevent 
infection that has not yet occurred.

 O Secondary prophylaxis: giving medication to prevent 
recurrence of an infection after an episode.

Prophylaxis can often be stopped after sustained immune 
reconstitution secondary to ART, but not in all cases.

Mycobacterium avium complex (MAC)
 O This produces a systemic infection with fever, chronic 

diarrhoea, abdominal pain, chronic malabsorption, 
generalised lymphadenopathy and obstructive jaun-
dice (from lymph node enlargement around the porta 
hepatis).

 O Treat with clarithromycin 7.5 mg/kg twice daily IV or orally 
or azithromycin 10 mg/kg once daily and ciprofl oxacin 
and rifabutin.

 O Consider prophylaxis with the above drugs if CD4 cell 
counts are persistently < 50/mm3 despite antiret-
roviral therapy, as the risk of MAC is high. The 
opportunistic infection guidelines recommend that all 
HIV- infected individuals with CD4 counts of < 50 cells/
mm3 should have primary prophylaxis against dis-
seminated MAC initiated. Prior to initiating prophylaxis, 
patients should be evaluated for active MAC infection 
by clinical assessment. 

Fever of unknown origin
 O HIV infection itself can cause fever.
 O In an endemic area, always treat for malaria (ideally after 

a blood fi lm). Malaria has not usually been reported to be 
more severe in HIV- infected children in terms of parasite 
density or response to treatment. The main interaction 
between the two diseases has been the acquisition of 
HIV by children through blood transfusion for malaria- 
associated anaemia.

 O Have a low threshold for diagnosing septicaemia and 
meningitis and giving powerful empirical antibiotics if 
severe sepsis is suspected.

 O Consider tuberculosis and non- Hodgkin’s lymphoma.

Immunisation
Early immunisations can help HIV- infected children who 
are more likely to acquire diseases that are preventable 
by immunisation because of their compromised immune 
system. Appropriate immunisations vary according to 
geographical location.

Routine immunisations appear to be generally safe 
for children with HIV infection without fever. Although 
immune responses may be suboptimal in some HIV- 
infected children, because of the severe nature of infections 
and associated mortality, routine immunisation of all children 
with HIV exposure or confi rmed HIV infection is recom-
mended with few exceptions. 

Immunisations should generally follow the Expanded 
Programme on Immunisation (EPI) scheme. The current 
EPI schedule includes DTP, OPV, hepatitis B, Haemophilus 
influenzae type B vaccine (Hib) and measles vaccine. 
The difference in HIV- infected children is an extra dose 
of measles vaccine to be given at the age of 6 months. 
BCG and yellow fever vaccines should not be given to HIV- 
symptomatic children. 

In HIV- endemic areas, BCG is routinely administered 
postnatally. This should be given even to infants of mothers 
known to be HIV- infected, as the damage to the immune 
system generally occurs after the onset of viraemia (i.e. after 
the fi rst 6 weeks of life). There is no evidence of frequent dis-
semination occurring after neonatal administration of BCG, 
although BCG- osis is not an easy diagnosis to establish, 
and there may be unrecognised cases.

Because most HIV- positive children have an effective 
immune response in the fi rst year of life, EPI should be 
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started as early as possible after the recommended age 
of vaccination.

There are theoretical risks associated with giving live oral 
polio vaccine, particularly to other immunocompromised 
members of the household. However, cases of vaccine- 
associated paralytic illness are rare, and oral poliomyelitis 
vaccine (OPV) continues to be recommended.

Live attenuated measles vaccine is recommended by 
the WHO for children in resource- limited countries, where 
the risks from wild- type measles virus are high. Responses 
to the vaccine tend to be lower in HIV- infected children with 
more advanced disease. The WHO recommends giving 
an extra dose of measles vaccine at 6 months, as well as 
the standard dose at 9 months, to HIV- infected children. 
It is important to be aware of measles in the differential 
diagnosis of any child with fever or pneumonia and HIV, as 
a typical morbilliform rash and standard symptoms may 
not be present.

Other non- EPI vaccines are encouraged and recom-
mended, especially in children whose immune systems 
have recovered. These more expensive but strongly 
recommended vaccines include MMR, pneumococcal 
conjugate vaccine, hepatitis A, typhoid and varicella vac-
cines. Diseases caused by these organisms have a greater 
propensity to cause severe life- threatening infections in 
HIV- infected children.

Terminal care of children dying from HIV 
infection
See also Section 1.16.

Despite the increased availability and effectiveness 
of ARVs, death is still a possible outcome of HIV/AIDS. 
Each year, millions of children lose one or both parents 
to AIDS. Although relatives often go to heroic lengths to 
provide orphans with food, shelter and housing, often the 
children’s psychosocial needs are overlooked, and these 
young people are not given full recognition or support after 
their loss. This is usually due to the belief that children are 
too young to understand what is happening or are better 
off not dwelling on their loss. Consequently, they are not 
properly supported in their time of mourning. 

Local groups for the support of families with HIV infec-
tion are essential, and ideally should be funded by local 
government.

Give end- of- life (terminal) care if:
 O the child has had a progressively worsening illness
 O everything possible has been done to treat the present-

ing illness.

Keep up to date on how to contact local community- based 
home care programmes and HIV/AIDS counselling groups. 
Find out whether the carers are receiving support from these 
groups. If not, discuss the family’s attitude towards these 
groups and the possibility of linking the family with them. 

Pain control for children with HIV
See Section 1.15. 

Need for referral
Often the facilities or expertise that are needed will not be 
available at the health centre or hospital to which a child 

with suspected or confi rmed HIV has come for treatment. 
If the child is not suffering from a life- threatening condition 
that requires urgent treatment, and referral can be arranged, 
it is advisable to refer the child to a paediatric infectious 
disease specialist or HIV treatment centre for the following:

 O HIV testing with pre-  and post- test counselling
 O further investigations to confi rm the diagnosis
 O evaluation of immunological status and the need to 

initiate ART
 O management of complicated HIV- related conditions 

and infections
 O evaluation of possible treatment failure
 O second- line treatment if there has been little or no 

response to treatment
 O HIV medication- related toxicities
 O HIV- related expert counselling.

Summary
 O The major practical focus should be on prevention 

of childhood HIV infection. This means implementing 
effective strategies for reduction of mother- to- infant 
transmission, such as prenatal screening of mothers 
and administration of ARV drugs for mother and baby. 

 O Unfortunately, establishing the infrastructure that is 
required to implement effective interventions is lag-
ging far behind the scientifi c advances in this fi eld. 
Surmounting the sense of hopelessness among health-
care professionals who are dealing with overwhelming 
numbers of patients without resources is a critical issue. 
This may come in part from research that identifi es 
practical interventions which improve the quality of life 
for HIV- infected children and their families.

 O Limiting the use of blood transfusions and ensuring that 
the blood supply is safe, and preventing sexual transmis-
sion among adolescents, are vital public health issues.

 O Positive education is required to encourage testing in the 
knowledge that there is now accessible safe treatment to 
keep children alive so that they can have a full healthy life. 

 O The key to successful treatment is 100% adherence. 
Do not start outpatient treatment until the child’s carer 
and ideally all the family have expressed a commitment 
to treatment. Choose ART regimes which are simple, 
and ensure that there is no problem with swallowing.

 O Predict growth for dosing so that the child is never 
under- dosed.

 O Frequent review is necessary to re- emphasise the impor-
tance of adherence and education of young people.

 O It is essential that resource- limited countries are permit-
ted by multinational drug companies to develop low- cost 
and effective forms of HAART, without being limited by 
international patent regulations.

 O Without question, health system strengthening is essen-
tial if the advent of ARVs for all is to be adequately 
managed.

This is a very optimistic time in the fi eld of paediatric HIV, 
with the potential to aim for eradication of mother- to- child 
transmission, and to provide successful treatment.
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Appendix 1

TABLE 6.2.D.14 Monitoring children on ART

Item Before or at 
ART initiation

Month 
(M) 1

M 2 M 3 M4 M5 M 6 Every 
2–3 months

Symptom- 
directed

Clinical evaluation: history and 
physical examination (including 
neurodevelopment)

X X X X X X X X X

Weight and height X X X X X X X X

Calculation of ART dose1 X X X X X X X X

Concomitant medications2 X X X X X X X X

Check ART adherence3 X X X X X X X

Haemoglobin and white blood cell 
count4

X X

Full chemistry5 X

CD4% or count6 X X* X

HIV viral load measurement7 X

* If signs of clinical progression of disease are seen, the CD4 count should be done earlier.
 • The child should be seen again within 1 week of starting ART to resolve any problems.
 • If the child has missed a visit, attempts should be made to call or visit the child’s home.
 • In addition to these suggested appointments, caregivers should be encouraged to bring the child in if he or she is sick, especially 
during the fi rst few months of ART when the child may experience ART side effects and intolerance.

1 Children may show rapid weight and height gain after ART, in addition to expected normal growth. Therefore the ART dose should be 
recalculated at every visit. Under- dosing of ART can lead to the development of resistance.
2 Concomitant drugs should be asked for at every visit to ensure that the child is on appropriate CTX dosing (if indicated) and is not 
taking drugs that have potential interactions with ART.
3 ART adherence can be assessed by asking questions about missed doses and the times when the child takes ART. Performing a pill 
count is time consuming, but may give a more accurate indication of adherence, if done correctly.
4 Haemoglobin (Hb) and white blood cell count (WBC) monitoring may be considered in children on ZDV at 1, 2 and 3 months. 
5 Full chemistry includes but is not restricted to liver enzymes, renal function, glucose, lipids, amylase, lipase and serum electrolytes. 
Monitoring depends on symptoms and regimens. Regular liver enzyme monitoring during the fi rst 3 months of treatment may be 
considered for certain children using nevirapine- based regimens, in particular for adolescent girls with a CD4 count of > 250 cells/
mm3, and for infants and children who are co- infected with hepatitis B or hepatitis C virus, or other hepatic disease.
6 TLC is not suitable for monitoring of therapy; therefore it cannot be a substitute for CD4. If CD4 is not available, clinical monitoring 
alone is used. 
7 At present, viral load measurement is not recommended for decision making about the initiation or regular monitoring of ART in 
resource- limited settings. Tests for assessment of HIV RNA viral load can also be used to diagnose HIV infection, and to assess 
discordant clinical and CD4 fi ndings in children in whom ART is suspected of failing.
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Appendix 2
Treatment of PCP infection

TABLE 6.2.D.15 Starting co- trimoxazole (CTX) prophylaxis for Pneumocystis jiroveci pneumonia (PCP)

HIV- exposed infants and 
children 

Confi rmed HIV- infected infants and children

Under 1 year 1–5 years 6 years or older

CTX prophylaxis is universally 
indicated, starting at 
4–6 weeks after birth, and 
maintained until cessation of 
risk of HIV transmission and 
exclusion of HIV infection 

CTX prophylaxis is indicated 
regardless of CD4 percentage 
or clinical status

WHO stages 2, 3 and 4 
regardless of CD4 percentage 

or
Any WHO stage and CD4 
< 25%

Any WHO clinical stage and 
CD4 < 350 cells/mm3

or
WHO stage 3 or 4 and any 
CD4 level

Patient information: It needs to be explained to patients 
that although CTX does not cure HIV, regular dosing is 
essential for protection of children from infections that are 

more common or more likely to occur in HIV infection. CTX 
does not replace the need for antiretroviral therapy. 

TABLE 6.2.D.16 Dosing for PCP: once- daily CTX dosing

Weight Suspension: 40 mg TMP + 
200 mg SMX/5 mL

Tablets (SS): 80 mg 
TMP/400 mg SMX

Tablets (DS): 160 mg 
TMP/800 mg SMX

1–4 kg 2.5 mL – –

5–8 kg 5 mL ½ tablet –

9–16 kg 10 mL 1 tablet ½ tab

17–50 kg 20 mL 2 tablets 1 tablet

> 50 kg 20 mL 2 tablets 1 tablet

Appendix 3
Summary of nutritional recommendations 
and support for HIV- infected children

 O Regular growth monitoring.
 O Safe infant feeding advice (the emphasis is on an exclu-

sive infant feeding option). Substitute feeds if they are 
acceptable, affordable, feasible, sustainable and safe, 
otherwise exclusive breastfeeding, and early weaning. 
Avoid all mixed feeding.

 O Dietary counselling for asymptomatic children to 
increase energy intake by 10% compared with HIV- 
uninfected children.

 O Dietary counselling for symptomatic children to increase 
energy intake by 20–30% compared with HIV- uninfected 
children.

 O Counselling on the importance of a balanced diet, 
including affordable choices from all food groups (micro-
nutrient requirement of 1 RDA for age).

 O Counselling on high- energy affordable food options for 
children with growth failure.

 O Counselling on the use of clean water and hygienic 
food preparation.

 O Vitamin A supplementation to prevent vitamin A defi -
ciency in children aged 6 to 59 months with dosing 
schedule as follows:

 — Children aged 6–11 months: 100 000 IU (30 mg) once 
every 6 months.

 — Children aged 12–59 months: 200 000 IU (60 mg) 
once every 6 months.

 O Zinc supplementation during diarrhoeal episodes: 10 mg 
once daily for 10 days in children older than 6 months if 
weight is ) 10 kg, and 20 mg if weight is > 10 kg.

 O Assessment and management for underlying HIV- 
associated illnesses.

 O Assessment for need to initiate ART.
 O Referral to outreach service providers for food assis-

tance, if needed.
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Appendix 4

TABLE 6.2.D.17 Formulations and dosages of ART drugs for children

Name of drug Formulation Age Age (weight), dose and dose 
frequency 

Other comments 

Nucleoside analogue reverse transcriptase inhibitors (NRTIs)

Zidovudine 
(ZDV) AZT

Syrup: 10 mg/mL 

Capsules: 100 mg, 
250 mg

Tablet: 300 mg

All ages < 4 weeks: 4 mg/kg/dose 
twice daily 

4 weeks to 13 years: 
180–240 mg/m2/dose twice 
daily 

Maximum dose: 
* 13 years: 300 mg/dose 
twice daily

Large volume of syrup is not well 
tolerated in older children, Syrup 
needs to be stored in glass jars and is 
light sensitive

Can give with food

Doses of 600 mg/m2/dose per day 
required for HIV encephalopathy

Capsule can be opened and its 
contents dispersed, or tablet crushed 
and its contents mixed with a 
small amount of water or food and 
immediately taken (solution is stable at 
room temperature)

Do not use with d4T (antagonistic 
antiretroviral effect)

Lamivudine 
(3TC) 

Oral solution: 10 mg/
mL 

Tablet: 150 mg

All ages < 30 days: 2 mg/kg/dose 
twice daily 

* 30 days or < 60 kg: 
4 mg/kg/dose twice daily

Maximum dose: 
> 60 kg: 150 mg/dose twice 
daily

Well tolerated 

Can give with food

Store solution at room temperature 
(use within 1 month of opening)

Tablet can be crushed and its contents 
mixed with a small amount of water or 
food and immediately taken

Fixed- dose 
combination of 
ZDV plus 3TC

No liquid formulation 
available 

Tablet: 300 mg ZDV 
plus 150 mg 3TC

Adolescents and 
adults 

Maximum dose: 
> 13 years old or weight 
> 60 kg: 1 tablet per dose 
twice daily (should not be 
given if weight is < 30 kg)

Ideally, tablet should not be split

Tablet can be crushed and its contents 
mixed with a small amount of water or 
food and immediately taken

At weights of < 30 kg, ZDV and 3TC 
cannot be dosed accurately in tablet 
form

Stavudine (d4T) Oral solution: 1 mg/
mL 

Capsules: 15 mg, 
20 mg, 30 mg, 
40 mg

All ages < 30 kg: 1 mg/kg/dose twice 
daily 

30–60 kg: 30 mg/dose twice 
daily 

Maximum dose:
> 60 kg: 40 mg/dose twice 
daily

Large volume of solution 

Keep solution refrigerated; it is stable 
for 30 days, but must be shaken well. 
It needs to be stored in glass bottles 

Capsules can be opened and their 
contents mixed with a small amount 
of food or water (stable in solution for 
24 hours if kept refrigerated)

Do not use with ZDV (antagonistic 
antiretroviral effect)

Didanosine (ddI, 
dideoxyinosine) 

Oral suspension 
paediatric powder/
water: 10 mg/mL 
(In many countries 
needs to be made 
up with additional 
antacid) 

Chewable tablets: 
25 mg, 50 mg, 
100 mg, 150 mg, 
200 mg 

Enteric- coated 
beadlets in capsules: 
125 mg, 200 mg, 
250 mg, 400 mg

All ages < 3 months: 50 mg/m2/dose 
twice daily

3 months to < 13 years: 
90–120 mg/m2/dose twice 
daily or 240 mg/m2/dose once 
daily

Maximum dose: 
* 13 years or > 60 kg: 
200 mg/dose twice daily or 
400 mg once daily

Keep suspension refrigerated; it 
is stable for 30 days, but must be 
shaken well 

Administer on an empty stomach, at 
least 30 minutes before or 2 hours 
after eating 

If tablets are dispersed in water, at 
least 2 appropriate- strength tablets 
should be dissolved for adequate 
buffering

Enteric- coated beadlets in capsules 
can be opened and sprinkled on a 
small amount of food

(continued )
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Name of drug Formulation Age Age (weight), dose and dose 
frequency 

Other comments 

Abacavir 
(ABC) 

Oral solution: 20 mg/
mL 

Tablet: 300 mg

Over 3 months < 16 years or < 37.5 kg: 
8 mg/kg/dose twice daily

Maximum dose: 
> 16 years or * 37.5 kg: 
300 mg/dose twice daily

Can give with food 

Tablet can be crushed and its contents 
mixed with a small amount of water or 
food and immediately ingested 

Warn parents about 
hypersensitivity reaction
ABC should be stopped permanently if 
a hypersensitivity reaction occurs

Non- nucleoside reverse transcriptase inhibitors (NNRTIs)

Nevirapine 
(NVP) 

Oral suspension: 
10 mg/mL 

Tablet: 200 mg 

All ages 15–30 days: 5 mg/kg/dose 
once daily for 2 weeks, then 
120 mg/m2/dose twice daily 
for 2 weeks, then 200 mg/m2/
dose twice daily 

> 30 days to 13 years: 
120 mg/m2/dose once daily for 
2 weeks, then 120–200 mg/
m2/dose twice daily 

Maximum dose: 
> 13 yrs: 200 mg/dose once 
daily for fi rst 2 weeks, then 
200 mg/dose twice daily

If rifampicin co- administration, avoid 
use 

Store suspension at room 
temperature, but it must be shaken 
well 

Can give with food

Tablets are scored and can be divided 
into two equal halves to give a 100 mg 
dose; can be crushed and combined 
with a small amount of water or food 
and immediately administered

Warn parents about rash

Do not dose escalate if rash occurs 
(if mild or moderate rash, hold drug; 
when rash has cleared, restart dosing 
from beginning of dose escalation; if 
severe rash, discontinue drug)

Efavirenz (EFV) Syrup: 30 mg/mL 
(note that syrup 
requires higher 
doses than capsules; 
see dosing chart)

Capsules: 50 mg, 
100 mg, 200 mg

Only for children 
over 3 years 
of age or who 
weigh > 10 kg

Capsule (liquid) dose: 
10–15 kg: 200 mg (270 mg = 
9 mL) once daily

15–19 kg: 250 mg (300 mg = 
10 mL) once daily

20–24 kg: 300 mg (360 mg = 
12 mL) once daily

25–32 kg: 350 mg (450 mg = 
15 mL) once daily

33–39 kg: 400 mg (510 mg = 
17 mL) once daily

Maximum dose: 
* 40 kg: 600 mg once daily

Capsules may be opened and added 
to food, but have a very peppery taste; 
however, can mix with sweet foods or 
jam to disguise taste

Can give with food (but avoid giving 
after high- fat meals which increase 
absorption by 50%)

Best given at bedtime, especially in 
the fi rst 2 weeks, to reduce CNS side 
effects

Etravirine 100 mg, 200 mg 
dispersible tablets

Child over 
6 years

16–20 kg, 100 mg twice a day,

21–25 kg, 125 mg twice a day

26–30 kg, 150 mg twice a day

> 30 kg, 200 mg twice a day

AUC decreased by 50% if taken on an 
empty stomach

Protease inhibitors (PIs)

Nelfi navir (NFV) Powder for oral 
suspension (mix 
with liquid): 200 mg 
per level teaspoon 
(50 mg per 1.25 mL 
scoop): 5 mL

Tablet: 250 mg 
(tablets can be 
halved; can be 
crushed and added 
to food or dissolved 
in water)

All ages 

However, 
extensive 
pharmacokinetic 
variability in 
infants, with 
requirement for 
very high doses 
in infants under 
1 year

< 1 year: 50 mg/kg/dose three 
times daily or 75 mg/kg/dose 
twice daily

* 1 year to < 13 years: 
55–65 mg/kg/dose twice daily

Maximum dose:
* 13 years: 1250 mg/dose 
twice daily

Powder is sweet, faintly bitter, but 
gritty and hard to dissolve; must be 
reconstituted immediately prior to 
administration in water, milk, formula, 
pudding, etc.; do not use acidic food 
or juice (which increase the bitter 
taste); solution is stable for 6 hours

Because of diffi culties with use of 
powder, the use of crushed tablets 
is preferred (even for infants) if the 
appropriate dose can be given

(continued )
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Name of drug Formulation Age Age (weight), dose and dose 
frequency 

Other comments 

Nelfi navir (NFV) 
(cont.)

Powder and tablets can be stored at 
room temperature

Take with food

Drug interactions (less than with 
ritonavir- containing protease inhibitors)

Lopinavir/
ritonavir (LPV/r) 

Oral solution: 80 mg/
mL lopinavir plus 
20 mg/mL ritonavir

Note that oral 
solution contains 
42% alcohol

Capsules: 133.3 mg 
lopinavir plus 
33.3 mg ritonavir

6 months or 
older 

> 6 months to 13 years: 
225 mg/m2 LPV and 57.5 mg/
m2 ritonavir twice daily, or 
weight- based dosing as 
follows: 

7–15 kg: 12 mg/kg LPV and 
3 mg/kg ritonavir twice daily

16–40 kg: 10 mg/kg lopinavir 
and 5 mg/kg ritonavir twice 
daily

Maximum dose: 
> 40 kg: 400 mg LPV and 
100 mg ritonavir (3 capsules 
or 5 mL) twice daily

Preferably oral solution and capsules 
should be refrigerated; however, they 
can be stored at room temperature 
up to 25°C (77°F) for 2 months; at 
temperatures > 25°C (77°F) the drug 
degrades more rapidly 

Liquid formulation has low volume but 
bitter taste

Capsules are large

Capsules should not be crushed or 
opened, but must be swallowed whole 

Should be taken with food

Saquinavir/r Soft gel capsule: 
200 mg

Hard gel capsule: 
200 mg, 500 mg

> 25 kg Approved dosing in adults: 
SQV 1000 mg and RTV 
100 mg twice daily

There are no data for children

For children who weigh 
> 25 kg, the approved adult 
dosing can be used

If possible, monitoring of SQV 
level is recommended

Capsules are large

Capsules should not be crushed or 
opened, but must be swallowed whole 

Should be taken with food

Darunavir plus 
Ritonavir (RTV)

75 mg (white), 
150 mg (white),

400 mg (light 
orange), 600 mg 
(orange)

PI experienced, 3–6 years:
10–11 kg: 200 mg twice a day 
+ RTV 32 mg twice a day

11–12 kg: 220 mg twice daily 
+ RTV 32 mg twice a day

12–13 kg: 240 mg twice a day 
+ RTV 40 mg twice a day 

13–14 kg: 260 mg twice a day 
+ RTV 40 mg twice a day

14–15 kg: 280 mg twice a day 
+ RTV 48 mg twice a day

6 years:
15–30 kg: 375 mg twice a day 
+ RTV 50 mg twice a day 

31–40 kg: 450 mg twice a day 
+ RTV 60 mg twice a day.

> 40 kg: 600 mg twice a day 
+ RTV 100 mg twice a day

DRV and RTV levels reduce in 
combination

Integrase inhibitor

Raltegravir 400 mg tablets (pink) > 6 years > 25 kg: 400 mg twice a day With or without food

Avoid indigestion remedies
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Appendix 5

TABLE 6.2.D.18 Side effects of ARVs

Drug Side effects Comments

Nucleoside analogue reverse transcriptase inhibitors (NRTIs)

Lamivudine 3TC Headache, nausea, abdominal pain, diarrhoea, fatigue, pancreatitis Well tolerated, can be crushed

Stavudine d4T Headache, abdominal pain, neuropathy, pancreatitis, lactic 
acidosis, hepatitis, lipodystrophy

Large volume of suspension, 
capsules can be opened

Zidovudine AZT Headache, anaemia, neutropenia, nausea, hepatitis, neuropathy, 
nail pigmentation

Do not use with d4T 
(antagonistic ARV effect)

Abacavir ABC Hypersensitivity reaction, with fever, mucositis and rash; this is 
rare, but if it occurs stop the drug 

Tablets can be crushed

Didanosine ddI Peripheral neuropathy, diarrhoea, nausea, abdominal pain, 
lipodystrophy. Lactic acidosis and pancreatitis (especially with 
d4T)

On empty stomach, give with 
antacid

Non- nucleoside reverse transcriptase inhibitors (NNRTIs)

Efavirenz EFV Vivid dreams, sleepiness, rash, mood changes, 
hypercholesterolaemia

Take at night, avoid taking with 
fatty food

Nevirapine NVP Rash (Stevens–Johnson syndrome), liver toxicity (check liver 
function tests at 2, 4 and 8 weeks)

When given with rifampicin, 
increase NVP dose by 30% or 
avoid use

Protease inhibitors (PIs)

Lopinavir/ritonavir* LPV/r

NFV

SQV

Diarrhoea, nausea, vomiting, headache

Diarrhoea, vomiting, rash

Diarrhoea, abdominal discomfort

Liquid: bitter taste. Take with 
food

Take within 2 hours of food

Darunavir DRV Rash, nausea, diarrhoea, headache

Atazanavir ATV Rash, nausea, jaundice, headache Avoid antacids

Ritonavir* RTV Rash, nausea, diarrhoea, peri- oral paraesthesia, fl ushing, hepatitis Liquid: bitter taste

Integrase inhibitor

Raltegravir Nausea, dizziness, insomnia, rash, pancreatitis, elevated ALT, AST, 
GGT

Avoid indigestion remedies

*Requires cold storage and cold chain for transport.
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TABLE 6.2.D.19 Number of tablets of child- friendly solid formulations for twice daily dosage (morning and evening)

Drug Strength of 
paediatric 
tablet (mg)

Children aged * 6 weeks Strength of 
adult tablet 
(mg)

Number of 
tablets by 
weight- bandNumber of tablets by weight- band morning and evening

3–5.9 kg 6–9.9 kg 10–13.9 kg 14–19.9 kg 20–24.9 kg 25–34.9 kg

am pm am pm am pm am pm am pm am pm

Single drugs

AZT 60 1 1 1.5 1.5 2 2 2.5 2.5 3 3 300 1 1

ABC 60 1 1 1.5 1.5 2 2 2.5 2.5 3 3 300 1 1

NVP 50 1 1 1.5 1.5 2 2 2.5 2.5 3 3 200 1 1

Ddl 25 2a 2a 3 2 3 3 4 3 4 4 25 5 5

Combinations

AZT/3TC 60/30 1 1 1.5 1.5 2 2 2.5 2.5 3 3 300/150 1 1

AZT/3TC/NVP 60/30/50 1 1 1.5 1.5 2 2 2.5 2.5 3 3 300/150/200 1 1

ABC/AZT/3TC 60/60/30 1 1 1.5 1.5 2 2 2.5 2.5 3 3 300/300/150 1 1

ABC/3TC 60/30 1 1 1.5 1.5 2 2 2.5 2.5 3 3 b

d4T/3TC 6/30 1 1 1.5 1.5 2 2 2.5 2.5 3 3 30/150 1 1

d4T/3TC/NVP 6/30/50 1 1 1.5 1.5 2 2 2.5 2.5 3 3 30/150/200 1 1

LPWrc 100/25 NR NR NR NR 2 1 2 2 2 2 100/25 3 3
a This dose of Ddl is only approximate for children aged 3 months or older and weighing between 6 kg and 6.9 kg.
b See ABC/3TC FDC dosing table.
c Higher doses of LPWr may be required when co- administered with enzyme- inducing drugs such as NVP, EFV, fos- amprenavir (FPV) 
and rifampicin.

TABLE 6.2.D.20 Number of tablets or capsules of child- friendly solid formulations for once- daily dosage

Drug Strength 
of tablet or 
capsule (mg)

Number of tablets or capsules by weight- band once daily Strength 
of tablet/
capsule (mg)

Number of tablets or 
capsules by weight- 
band once daily

3–5.9 kg 6–9.9 kg 10–13.9 kg 14–19.9 kg 20–24.9 kg 25–34.9 kg

Once 
daily

Once 
daily

Once daily Once daily Once daily Once daily

Single drugs

EFVa 200 mg NR NR 1 1.5 1.5 200 2

Ddlb 125 mg or 
200 mg EC

NR NR 1 (125 mg) 1 (200 mg) 2 (125 mg) 125 mg EC 2

a EFV is not recommended for children under 3 years and weighing less than 10 kg.
b Ddl EC is not recommended for children weighing less than 10 kg.

NR, not recommended; EC, enteric coated.

Further reading
World Health Organization (2010) Antiretroviral Therapy 

for HIV Infection in Infants and Children: towards 
universal access. http://whqlibdoc.who.int/publica-
tions/2010/9789241599801_eng.pdf
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6.2.E Measles

BOX 6.2.E.1 Minimum standards 
 Q Immunisation.
 Q Vitamin A.
 Q Oral rehydration solution and nutritional provision.
 Q Antibiotics for secondary infection.
 Q Oxygen.
 Q Nebulised adrenaline and corticosteroids for croup.
 Q Eye pads.
 Q Public health measures.

Introduction
Measles is an acute viral disease characterised by fever, 
cough, coryza, conjunctivitis, an erythematous macu-
lopapular rash, and typical oral lesions (Koplik’s spots). 
It is caused by an RNA virus, a member of the genus 
Morbillivirus in the Paramyxoviridae family. Humans are the 
only natural hosts. It is transmitted by direct contact with 
infectious droplets or, less commonly, by airborne spread. 
It has a high incidence in winter. Measles is one of the most 
highly communicable of all infectious diseases.

Measles occurs worldwide, and is a signifi cant cause of 
morbidity and mortality worldwide. It is the fi fth most com-
mon cause of death in children under 5 years of age. There 
has been a 78% reduction in measles mortality worldwide 
in recent years, largely as a result of immunisation, from 
733 000 deaths in 2000 to 164 000 in 2008, and a reduc-
tion in the total number of cases from 39.9 to 20 million.

Epidemiology
 O Measles is transmitted by droplet spread of virus in 

nasopharyngeal secretions. It is most infectious before 
the appearance of rash, and for at least 7 days after the 
onset of the fi rst symptoms. The incubation period is 
10–12 days. Quarantine can be lifted 2 days after the 
fever subsides.

 O Epidemic cycles of infection in urban areas may occur 
every 2 years. In isolated communities, all age groups 
are affected. In resource- limited countries, the popula-
tion peak incidence is at 1–2 years, with a mortality of 
1–5%, although during epidemics it may rise to 30%. 
Mortality is low in the well nourished. Children who 
acquire infection in overcrowded conditions tend to have 
more severe disease, probably due to a larger infecting 
dose of the virus.

 O Pneumonia and upper airway obstruction account for 
about 75% of measles deaths. Measles is more severe 
in HIV- infected children.

 O In resource- limited countries, measles commonly occurs 
in previously vaccinated children. This is partly explained 
by a persistent maternal antibody at 9 months of age 
when vaccine is usually given, and also a relatively poor 
effi cacy of the vaccine and waning immunity. 

 O It rarely occurs in infants under 3 months of age because 
of maternal immunity transferred in utero.

Clinical features
Prodromal period (3–5 days): acute coryza- like illness with 
high- grade fever, cough and conjunctivitis. Febrile seizures 
may occur. Koplik’s spots (tiny bluish- white specks on a 

red base on the buccal mucosa of the cheeks, resembling 
grains of salt) appear by days 2–4. 

A maculopapular rash commences on day 4 on the 
face and neck, behind the ears and along the hairline, and 
spreads to become generalised and reaches the feet after 
3 more days). Fades after 5–6 days in order of appearance, 
developing a brownish colour and often becoming scaly. 
If severe, there may be petechiae and ecchymoses. The 
rash is due to infi ltration of lymphocytes into areas of virus 
replication in skin.

Persistence of fever beyond day 3 of the rash is usually 
due to complications (see below). 

Diagnosis
This is mostly clinical (diagnosis is based on the specifi c 
pattern of rash, history of contact with a measles patient, 
and Koplik’s spots). Serology, viral culture or PCR may be 
used to confi rm it.

Laboratory fi ndings
Leukopenia and thrombocytopenia may be observed dur-
ing measles infection. Chest radiography may demonstrate 
interstitial pneumonitis.

Complications
Recovery following acute measles may be delayed for 
weeks or months due to failure to thrive, recurrent infec-
tions, persistent pneumonia and diarrhoea.

Pneumonia (see Section 5.3.A)
 O Bacterial pneumonia usually occurs during convales-

cence and after several days of an afebrile period. It is 
the most frequent cause of death with an incidence of 
10–25% of hospitalised cases in developing countries.

 O Viral pneumonia occurs during the acute phase of mea-
sles, and may progress to giant- cell pneumonia in the 
immunosuppressed (e.g. leukaemia, HIV).

 O Mediastinal emphysema occurs in 1 in 300 measles 
cases, and may lead to subcutaneous emphysema.

Diarrhoea
Incidence 20–40%. May become persistent and frequently 
precipitates malnutrition (see Section 5.12.A).

Tracheobronchitis
This presents as croup. Laryngeal tissue sometimes 
becomes necrotic, which may lead to laryngeal obstruc-
tion (see Section 5.1.A).

Otitis media
This is common, especially in infants. Mastoiditis may 
develop. It is an important cause of chronic otitis media 
and hearing impairment (see Section 5.1.C).

Stomatitis
There is mucosal infl ammation and ulceration with bleeding 
gums and secondary Candida albicans and herpes simplex 
infections. Stomatitis causes diffi culty in eating and worsens 
malnutrition. Cancrum oris (noma) may develop.



720

International Maternal & Child Health Care

Xerophthalmia
Vitamin A defi ciency may combine with measles to pre-
cipitate xerophthalmia and blindness (see Section 5.10.A).

Malnutrition
Malnutrition secondary to measles results from anorexia and 
poor nutrition following infection. Mortality is high (> 15%) 
(see Section 5.10.B). 

Tuberculosis
Tuberculosis, including tuberculous meningitis, may fi rst 
be noticed in the post- measles period (see Section 6.1.N). 

Encephalitis
 O Acute allergic encephalitis: this is a demyelinating 

disorder and the most common CNS complication of 
measles. Onset is often in the second week as exan-
thema is clearing. It occurs in one or two per 1000 
cases of measles, and can be fatal. Virus is not found 
in the brain.

 O Acute measles inclusion- body encephalitis: this 
results from direct invasion of brain cells by virus (which 
may be isolated from CSF). There is a more rapid onset 
if there is immunosuppression or malignancy.

 O Subacute sclerosing panencephalitis (SSPE): there 
is a long latent period (several years) between infec-
tion and the onset of symptoms. Commonly, measles 
occurred at an early age. SSPE is characterised by 
lethargy, psychological changes, myoclonic jerks and 
mental deterioration, eventually leading to death. Virus 
has been isolated from brain biopsy specimens.

 O Atypical measles may have prolonged fever and present 
with pneumonia or rarely encephalitis. Rash may or 
may not appear. Prolonged fever for 2–3 weeks with 
diarrhoea may simulate enteric fever.

Differential diagnosis
 O Other exanthema and drug reactions.
 O Koplik’s spots are the most helpful diagnostic feature in 

the prodromal period.

Case assessment and classifi cation
Cases may be classifi ed into:

 O uncomplicated measles
 O severe measles requiring treatment or urgent referral.

TABLE 6.2.E.1 Clinical features of severe disease

Symptom Complication

Cough, tachypnoea or 
indrawing

Pneumonia

Stridor when quiet Croup, necrotising tracheitis

Severe diarrhoea Dehydration

Recent severe weight loss Malnutrition

Corneal damage or Bitot spots Blindness

Ear discharge Otitis media, deafness

Lethargy, convulsions Encephalitis

Inability to drink or eat Dehydration, malnutrition

Blood in the stools Dysentery, haemorrhagic 
measles

Severe stomatitis Cancrum oris

Danger signs
These include the following:

 O breathing diffi culty
 O cyanosis
 O bleeding
 O corneal/mouth ulcers
 O coma/lethargy
 O seizures
 O inability to eat or drink.

Management
Mild measles

 O Give small frequent feeds. Infants should continue 
breastfeeding. Extra energy should be provided by 
adding vegetable oil or sugar to cereals (1 teaspoon of 
each). Follow- up nutritional support is needed. 

 O Give paracetamol for temperature > 39ºC. Saline drops 
for blocked nose. 

 O Maintain oral hygiene by rinsing the mouth several times 
daily. Apply 1% gentian violet to mouth sores. Treat oral 
thrush with nystatin drops.

 O If mouth ulcers are secondarily infected, give an antibiotic 
(penicillin or metronidazole orally for 5 days). 

 O If the mouth is too sore to feed or drink, a nasogastric 
tube may be required.

 O Maintain ocular hygiene for purulent conjunctivitis, 
with daily washings with sterile 0.9% saline or boiled 
water (using cotton- wool swabs) and the application of 
tetracycline eye ointment three times daily. Never use 
topical steroids. Consider using protective eye pads.

 O Vitamin A treatment of children with measles in devel-
oping countries has been associated with decreased 
morbidity and mortality rates. The dose is 100 000 IU 
as a capsule (in children under 1 year old) or 200 000 IU 
(in those over 1 year old). Give a second capsule the 
next day.

 O Give oral rehydration solution (ORS) for diarrhoea. 
 O Give an oral antibiotic (co- trimoxazole, amoxicillin, ampi-

cillin) if there is a clear indication of lower respiratory tract 
infection (see Section 5.3.A).

 O Admit the child to hospital if they show signs or symp-
toms of severe measles.

Severe measles
Admit the child to hospital and isolate them. Airborne trans-
mission precautions are indicated for 4 days after the onset 
of rash in otherwise healthy children, and for the duration 
of illness in immunocompromised patients.

In addition to the care for mild measles described above: 
 O Give parenteral antibiotics for pneumonia or septicaemia 

(e.g. benzylpenicillin or ceftriaxone/cefotaxime if avail-
able). Give (fl u)cloxacillin plus gentamicin or cefuroxime 
(if available) if Staphylococcus aureus is suspected. If 
stridor associated with fever is present use ceftriaxone/
cefotaxime (if available) or chloramphenicol. Rapidly 
spreading pulmonary tuberculosis may be diffi cult to 
distinguish from a progressive pyogenic pneumonia. 

 O Give oxygen as required to keep SpO2 * 94%.
 O Croup: nebulised adrenaline, 1 mL adrenaline (1 in 

1000) mixed with 1 mL of saline every 2 hours, careful 
observation (see Section 5.1.A, which also describes 
the use of oral steroids or nebulised budesonide, either 
of which can be life- saving in this situation). 

 O Diarrhoea: give oral rehydration and appropriate 



721

Section 6.2

antibiotic if the child passes bloody stools. Persistent 
diarrhoea requires nutritional support.

 O Otitis media: give antibiotics and maintain regular aural 
hygiene. Screen for hearing impairment during follow- up. 

 O Xerophthalmia: use protective eye pads, and give vita-
min A cap sules (see above).

 O Malnutrition: treat according to management guidelines 
(see Section 5.10.B).

 O Encephalopathy: follow the management guidelines 
for coma and convulsions (see Section 5.16.A and 
Section 5.16.E).

Prevention and follow- up
 O Give ‘normal immunoglobulin’ (if available) for suscep-

tible immunocompromised contacts of measles cases 
or those under 1 year old. It is given intramuscularly to 

prevent or modify measles in a susceptible child within 
6 days of exposure. The usual recommended dose is 
0.25 mL/kg given intramuscularly; immunocompromised 
children (e.g. those with HIV) should receive 0.5 mL/kg 
intramuscularly (the maximum dose is 15 mL).

 O Improve vaccination coverage (see Section 1.17).
 O Give a follow- up vitamin A dose (after 2 weeks) if the 

child is malnourished or has an eye disorder.
 O Measles control by immunisation is one of the most 

important public health interventions in reducing child 
mortality. If a child with measles is admitted, immunise 
all other unimmunised children under 6 months of age 
in the hospital, with a follow- up second dose in all aged 
6–9 months as soon after 9 months as possible. A sec-
ond dose is given at 12–15 months of age.

6.2.F Mumps

BOX 6.2.F.1 Minimum standards
Measles, mumps, rubella (MMR) vaccination two- dose 
schedule.

Introduction
Mumps is a systemic disease characterised by swelling 
of one or more of the salivary glands, usually the parotid 
glands. It is caused by a virus of the paramyxovirus family 
(which also includes measles and parainfl uenza). The virus 
is spread by airborne droplets through the respiratory tract, 
mouth and possibly the conjunctivae and urine, and is 
present in saliva, CSF, blood and urine. Other viruses and 
bacteria (cytomegalovirus, parainfl uenza virus types 1 and 3, 
infl uenza A virus, coxsackieviruses and other enteroviruses, 
human immunodeficiency virus (HIV), Staphylococcus 
aureus and non- tuberculous Mycobacterium) may also 
cause parotitis.

Clinical presentation
 O The incubation period is 14–24 days. Onset is with 

painful swelling of parotid glands, fever, general malaise, 
and occasionally headache. Parotid swelling may be 
unilateral at fi rst, followed a couple of days later by 
swelling of the opposite parotid gland, with pain on 
opening the dry mouth.

 O Mild meningoencephalitis is common and usually neither 
serious nor recognised clinically. There may be nausea 
and vomiting, and abdominal pain.

 O Orchitis presents with fever and tender oedematous 
swelling of the testis. In 10–20% of cases the second 
testicle may be affected. However, infertility is rare.

 O Differential diagnosis of parotitis includes cervical 

adenitis, pyogenic parotitis, recurrent parotitis, tumours 
of the parotid and tooth infections.

 O Mumps orchitis can mimic hernias, tumours, haemato-
mas, epididymo- orchitis and testicular torsion.

Complications
Complications include oophoritis, mastitis, pancreatitis, 
nephritis, myocarditis, thyroiditis, labyrinthine disturbance, 
painful swelling of the lacrimal glands, optic neuritis, 
uveokeratitis, rapid loss of vision, arthritis, jaundice, pneu-
monia and thrombocytopenia. Transient or permanent 
unilateral nerve deafness has been reported. Infection 
during pregnancy very rarely causes disease of the fetus 
(e.g. aqueductal stenosis, hydrocephalus).

Management
Symptomatic treatment includes analgesics, fl uids, and 
scrotal support for orchitis. Antibiotics are usually not 
warranted for the uncomplicated disease, but each com-
plication should be treated on its own merits with antibiotics 
(in the case of pneumonia or wherever a secondary bacterial 
infection is suspected), or with appropriate local treatment 
and monitoring. The value of corticosteroids for orchitis is 
not established.

Prevention
Measles, mumps, rubella (MMR) immunisation is routine in 
well- resourced countries, and has reduced mumps by over 
90%. The recommended two- dose vaccine schedule has 
an effectiveness of approximately 90% (range 88–95%).
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6.2.G Poliomyelitis

BOX 6.2.G.1 Minimum standards
 Q Immunisation.
 Q ABC, including airway protection if there is bulbar palsy.
 Q Public health measures.
 Q Bed rest and physiotherapy.
 Q Nutritional support and hydration.
 Q Nasogastric feeding and airway protection if there is 

bulbar palsy.

Introduction
Poliomyelitis is caused by polioviruses type 1, 2 and 3, 
which are ingested and then multiply in the tonsils and 
Peyer’s patches of the gut. In most cases, infection is con-
tained at this point and the child is asymptomatic.

Due to both vertical and mass vaccination campaigns, 
the number of reported cases has fallen by 90% since 1988. 
Wild poliovirus is now mainly found in Afghanistan and a 
few countries in sub- Saharan Africa.

Severity
Minor illness
This is associated with viraemia and non- specifi c symp-
toms, such as nausea, vomiting, abdominal pain and sore 
throat.

Major illness
Non- paralytic poliomyelitis
This occurs in a minority of symptomatic children. Incubation 
period is 10–14 days and symptoms include: fever, head-
ache and two to fi ve days later, signs of meningeal irritation 
with severe pain and stiffness of neck, back and limbs.

Paralytic poliomyelitis
 O Paralysis occurs within the fi rst 2 days of major illness.
 O It can affect any muscles, but particularly large ones and 

those of the lower limbs.
 O Asymmetrical paralysis, fl accid muscles and absent ten-

don refl exes are characteristic. There is intact sensation. 
Paralysis is maximal within 3–5 days of onset, and rarely 
extends once the temperature has settled.

 O In bulbar form, the involvement of cranial nerve nuclei 
and vital centres in the brainstem results in paralysis of 
the facial, pharyngeal, laryngeal and tongue muscles, 
causing swallowing diffi culties, aspiration and respira-
tory failure.

 O Hypertension may occur, as well as transient bladder 
paralysis.

Diagnosis
CSF initially shows neutrophil predominance, but after 
5–7 days is mainly lymphocytic. CSF protein levels are nor-
mal or slightly elevated. CSF glucose levels are normal. Virus 
can be isolated from throat and stool for up to 3 months 
after onset. The differential diagnosis includes other causes 
of acute fl accid paralysis (see Section 5.16.F).

Prognosis
 O This depends on the extent of paralysis and the quality 

of care during the acute phase.
 O Early identifi cation of and intervention for respiratory and 

bulbar paralysis will reduce mortality to 5–10%.
 O With appropriate physiotherapy, improvement in the 

function of paralysed muscles can occur for up to 
18 months.

 O Factors that adversely affect outcome include intramus-
cular injections, muscle fatigue, corticosteroid therapy 
and immunocompromised states. Removal of tonsils 
or teeth during the incubation period increases the risk 
of bulbar paralysis.

Management 
Acute phase

 O Absolute bed rest is mandatory. Avoid intramuscular 
injections and exercise.

 O Analgesics should be given for severe pain. Keep 
paralysed muscles in a neutral position to prevent 
contractures.

 O Gentle passive exercises and warm compresses should 
be used to help to relieve pain. Active exercises are 
introduced a few days after the temperature has settled.

 O Respiratory paralysis requires ventilatory support (if 
available) (see Sections 1.25 and 8.3).

 O Bulbar paralysis requires nasogastric tube feeding and, 
to protect the airway, may require tracheostomy. 

Convalescent phase
 O Aim to improve motor function, prevent deformities and 

generally reintegrate the child into society.
 O Encourage active participation by the parents in the 

rehabilitation process. The educational and emotional 
needs of the child must not be neglected. The services 
of an orthopaedic surgeon and an orthoptist may be 
required. 

 O See Sections 4.2.C, 4.2.D and 4.2.E for further informa-
tion on the long- term care of children with a disability.

Prevention
See Section 1.17 on immunisation.
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6.2.H Rabies management and prevention after animal bites

BOX 6.2.H.1 Minimum standards
 Q Palliative care, including morphine.
 Q Wound care.
 Q Rabies vaccine.
 Q Rabies immunoglobulin.

Rabies encephalitis
Furious and paralytic (dumb) forms of human rabies can 
occur. Furious rabies is characterised by agitation, hyper-
excitability and hydrophobia, which is due to spasms of 
the inspiratory muscles, accompanied by an inexplicable 
feeling of terror. Spasms occur on attempting to drink 
water or from a draught of air. Flaccid paralysis without 
hydrophobia occurs in some patients, but this paralytic 
rabies is rarely recognised. It is likely to be misdiagnosed as 
another encephalitis or cerebral malaria. Once symptoms 
of encephalitis have begun there is no treatment. The dis-
ease is always fatal in Asia, Africa and Europe. A very few 
patients have survived infection after contact with bats in 
the Americas. North and South American bat rabies viruses 
appear to be less pathogenic.

Management 
The treatment of established rabies is palliative. Sedatives 
(e.g. diazepam, midazolam) and strong analgesics (e.g. 
morphine) may be given parenterally to control symptoms 
and relieve anxiety. An IV infusion assuages the feeling of 
thirst. Relatives and staff should wear gloves when handling 
the child, their vomitus or their saliva. Close attendants are 
at risk of exposure to the virus, but there is no documented 
case of transmission of rabies to a carer. However, if anti- 
rabies vaccine is available it should be offered to them, but 
rabies immunoglobulin (RIG) is not needed.

Rabies prophylaxis
Dog bites are the usual cause of rabies in humans, but cats, 
foxes, bats, jackals, wolves, mongooses and domestic 
mammals may also transmit the infection.

Estimating the risk of exposure to rabies
1 Is there a bite wound with broken skin? Have mucous 

membranes or an existing skin lesion been contami-
nated by virus in the animal’s saliva? Intact skin is a 
barrier against the virus.

2 How did the animal behave? An unprovoked attack 
by a frantic dog is a high risk, but so is contact with a 
paralysed animal, or an unusually tame wild mammal.

3 Is rabies known to occur in the biting animal species?
4 Regularly vaccinated animals are unlikely to be rabid, 

but vaccinated dogs or cats can transmit the infection.
5 Try to have the animal’s brain examined for rabies. If 

this is not possible, the animal may be kept under safe 
observation, but post- exposure treatment must not be 
delayed. If the animal is still healthy after 10 days, vac-
cine treatment of the patient can be stopped.

Post- exposure treatment
Table 6.2.H.1 lists the criteria for initiating treatment. All 

three parts of post- exposure therapy are always urgent. 
The aim is to chemically kill or neutralise the rabies virus 
at the wound site before it can enter a nerve ending and 
travel to the brain. Neutralising antibody is provided by local 
injection of rabies immunoglobulin, or it may be present 
already in previously vaccinated individuals. 
1 Wound care: this is important for all bites, irrespective 

of the rabies risk.
2 Rabies vaccine (active immunisation).
3 Rabies immunoglobulin (RIG) is passive immunisation 

which provides antibody locally for the fi rst week, until 
the vaccine- induced antibody appears. 

Wound care
 O Scrub and fl ush the lesion repeatedly and energetically 

with soap or detergent and water. Remove any foreign 
material. Local analgesia may be necessary. 

 O Apply povidone iodine (or 70% ethyl alcohol, but this 
is painful). 

 O Do not suture the wound, or at least delay suturing.
 O Give tetanus immunisation if appropriate.
 O Treat bacterial infection of wounds with an oral antibiotic, 

such as amoxicillin/clavulinic acid or tetracycline.

Rabies vaccine
Active immunisation with vaccine should be given whenever 
there is a risk from contact with a suspect rabid animal. 
Rabies vaccines are suitable for people of all ages, includ-
ing pregnant women.

Vaccines accredited by the WHO include the following:
 O Purifi ed chick embryo cell vaccine (PCEC) (Rabipur®, 

RabAvert®) (1.0 mL/ampoule).
 O Purifi ed vero cell vaccine (PVRV) (Verorab®) (0.5 mL/

ampoule).
 O Purifi ed duck embryo vaccine (PDEV) (Vaxirab®) (1.0 mL/

ampoule).
 O Human diploid cell vaccine (HDCV) by Sanofi  (1.0 mL/

ampoule).

These vaccines are interchangeable, so a change may be 
made to a different vaccine during a course of treatment.

The side effects of these vaccines are mild local or non- 
specifi c generalised symptoms. Transient maculopapular 
or urticarial rashes are occasionally seen.

Other vaccines
1 Tissue culture rabies vaccines not listed above should 

be used according to the manufacturer’s instructions. 
2 Vaccines of nervous tissue origin (e.g. Semple vaccine 

and suckling mouse brain vaccine) should only be used 
if no other vaccine is available.

Three post- exposure regimens (see Table 
6.2.H.2)
Standard fi ve- dose intramuscular (IM) ‘Essen’ regimen

 O Days 0, 3, 7, 14 and 28: Inject one IM dose (1 mL or 
0.5 mL) into the deltoid or antero- lateral thigh in small 
children. Do not inject into the gluteal region.
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Economical four- site intradermal (ID) regimen
The intradermal dose is 0.1 mL per site for vaccines 
containing 0.5 mL/ampoule (e.g. Verorab®), and 0.2 mL 
per site for vaccines containing 1 mL/ampoule (e.g. 
Rabipur®).

 O Day 0: draw up a whole ampoule of vaccine into a 1- mL 
(Mantoux- type) syringe. Give intradermal injections at 
four sites (deltoid, and either thigh or suprascapular 
areas) using all of the vaccine. 

 O Day 7: give an intradermal dose (0.1 mL or 0.2 mL) at 
two sites (deltoid areas). 

 O Day 28: give one intradermal dose.

Practical points 
 O Intradermal injections should raise a papule as with 

BCG vaccine.
 O Inject using strict aseptic precautions. If ampoules are 

shared, use a new sterile needle and syringe for each 
patient. If there is diffi culty in injecting 0.2 mL intrader-
mally, withdraw the needle and inject the remainder at 
an adjacent site.

 O Do not waste vaccine. Ampoules shared between 
patients must be stored at 5°C and used on the same 
day. 

 O If few patients are treated, on day 0 ask the patient to 
bring their relatives and friends for pre- exposure vac-
cine on day 7. 

 O If vaccine is very scarce or unaffordable, and 1- mL vac-
cines (e.g. Rabipur®) are used, half the dose (i.e. 0.1 mL 
per intradermal site) may be used. 

 O The timing of the fi nal dose can be varied for economy. 
A clinic could assign 1 or 2 days a week for intra-
dermal rabies vaccination for the day 28 doses and 
pre- exposure immunisation (see below).

 O This is the most economical rabies post- exposure regi-
men both for the healthcare provider and for the patient.

 O This regimen is as immunogenic as IM vaccination, and 
may become the treatment of choice in Asia and Africa.

Economical two- site ID regimen
The intradermal dose is 0.1 mL per site for vaccines 
containing 0.5 mL/ampoule (e.g. Verorab®). The equiva-
lent dose is 0.2 mL for vaccines containing 1 mL (e.g. 
Rabipur®), but half the dose (i.e. 0.1 mL per site) is used.

 O Days 0, 3, 7 and 28: give an intradermal dose at two 
sites (deltoids).

The same precautions for intradermal use as described 
above apply. This regimen is less economical if few patients 
are being treated. It has mainly been used in large clinics. 

Rabies immunoglobulin (RIG)
 O Passive immunisation with RIG is recommended to 

accompany vaccine following contact with suspected 
rabid animals where the skin has been broken or 
mucous membranes have been contaminated (see 
Table 6.2.H.2). 

 O It is vital for bites with a high risk of infection (on the 
head, neck or hands) or for multiple bites. 

 O If supplies are limited, ensure that the high- risk, severely 
exposed patients have access to RIG.

 O If RIG is not available immediately, it should be given up 
to 7 days after the fi rst dose of vaccine. After that it is 
no longer needed.

 O RIG is not required if a course of vaccine has been 
completed previously. 

Dosage: equine RIG (40 IU/kg) or human RIG (20 IU/kg) is 
infi ltrated into and around the wound on day 0. If this is not 
anatomically possible (e.g. on a fi nger), inject any remainder 
IM, at a site remote from the vaccine site, but not into the 
gluteal region.

 O Skin tests are not useful for predicting anaphylactoid 
reactions to equine RIG, and should not be used.

 O In very rare cases there may be anaphylaxis.

Anaphylaxis treatment (see also 
Section 5.1.B)
Adrenaline (epinephrine) intramuscular treatment is 
essential.

Dosage:
 O Age < 6 years: 150 micrograms or 0.15 mL of 1:1000 

(1 mg/mL).
 O Age 6–12 years: 300 micrograms or 0.3 mL of 1:1000.
 O Age > 12 years: 500 micrograms or 0.5 mL of 1:1000.

The dose can be repeated at 5- minute intervals if necessary.
In addition, if available give the following:
Chlorpheniramine maleate IM or by slow IV injection
Dosage:

 O Age 6 months to 6 years: 2.5 mg.
 O Age 6–12 years: 5 mg.
 O Age > 12 years: 10 mg.

Hydrocortisone sodium succinate by slow IV injection 
or IM

Dosage:
 O Age 1–5 years: 50 mg.
 O Age 6–12 years: 100 mg. 
 O Age > 12 years: 200 mg.

Post- exposure treatment for previously 
vaccinated adults
Thorough wound care and vaccine treatment are always 
urgent following possible exposure to a rabid animal. 
Patients who have previously had a complete pre- exposure 
(three doses) or post- exposure course of vaccine only 
require a short booster course, and RIG is not necessary.

Two post- exposure booster regimens (see 
Table 6.2.H.2)
Standard two- dose IM regimen

 O Days 0 and 3: inject one IM vaccine dose.

Economical single- day four- site ID regimen
 O Day 0: Give 0.1 mL intradermal injections at four sites 

(deltoids, and either thigh or suprascapular areas).
 O The intradermal dose is 0.1 mL, which is suffi cient for 

vaccines of any volume. For Verorab® (0.5 mL/ampoule) 
a whole ampoule is used. 

 O For 1 mL vaccines, the total dose is half an ampoule. Do 
not waste vaccine. Ampoules may be shared between 
patients or used as pre- exposure prophylaxis for rela-
tives, hospital staff, etc. on the same day. See above for 
precautions when sharing ampoules. If the ampoule 
cannot be shared, give the whole 1 mL to the patient at 
four sites, as for the primary four- site intradermal regi-
men described above.
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Pre- exposure treatment 
Pre- exposure vaccination is the best means of rabies 
prophylaxis. No one who has had pre- exposure treatment 
and a post- exposure booster injection is known to have 
died of rabies.

Indications for pre- exposure rabies 
prophylaxis
People working with dogs, bats or other wild mammals 
should be immunised. Anyone in an area where dog rabies 
is enzootic is at risk of infection, especially children. Ideally, 
rabies should be included as part of the routine Expanded 
Programme on Immunisation (EPI). Pre- exposure vaccine 
should be given whenever it is affordable to residents of 
dog rabies areas, and should be strongly encouraged if RIG 
may not be available locally. 

Pre- exposure three- dose regimen (see Table 
6.2.H.2)
Days 0, 7 and 28: Inject one dose of a vaccine IM (1 ampoule) 
or intradermally (0.1 mL). Variation in timing does not matter. 
The fi nal dose may be given from day 21 to months later, 
but aim for a total of three doses. Having had one or two 
doses is still an advantage if the individual is exposed to 
rabies in the future, especially if RIG may not be available. 

 O Patients on chloroquine, steroids or other immunosup-
pressive drugs should have IM not intradermal injections 
for pre- exposure treatment.

 O Patients who have been vaccinated should keep a 
record of their immunisations.

 O Routine booster doses are only recommended for peo-
ple at high occupational risk of exposure.

 O If contact with a rabid animal occurs, post- exposure 
booster vaccine treatment is still required.

Summary
 O The only treatment for rabies encephalitis is palliative 

care.
 O Rabies can be prevented by education about the 

dangers of animal contact, the need for vaccination of 
pets, fi rst- aid cleaning of wounds with soap, and the 
need to attend a clinic for vaccine.

 O Pre- exposure vaccination should be encouraged, espe-
cially for children and if RIG is not available locally.

 O Post- exposure prophylaxis is urgent. 
 O If rabies vaccine is unaffordable or in short supply use 

robust economical ID regimens that are suitable for 
use globally. 

This scheme is a modifi cation of WHO recommendations.

TABLE 6.2.H.1 Recommended criteria for post- exposure treatment

Type of 
exposure

Criteria Action 

No exposure* Touching animals, or 
being licked on intact 
skin

No treatment

Minor 
exposure, WHO 
Category II

Nibbling (tooth contact) 
with uncovered skin, 
or minor scratches 
or abrasions without 
bleeding

Start vaccine 
immediately

Major 
exposure, WHO 
Category III

Single or multiple bites or 
scratches that break the 
skin, or licking on broken 
skin, or licking or saliva 
on mucosae, or physical 
contact with bats

Immediate rabies 
immunoglobulin 
and vaccine

Severe 
exposure, WHO 
Category III

Bites on the head, neck 
or hands, or multiple 
bites

Immediate rabies 
immunoglobulin 
is mandatory 
with vaccine

For all cases:
 • Stop treatment if the dog or cat remains healthy for 10 days.
 • Stop treatment if the animal’s brain is shown to be negative for 
rabies by appropriate investigation.

*The confusing term ‘WHO Category I’ should be avoided, as 
misunderstanding leads to unnecessary treatment.

TABLE 6.2.H.2 Selected standard intramuscular and economical intradermal rabies vaccine regimens

Vaccine regimen and route Days of injection (number of sites injected 
denoted by superscript number)

Visits to clinic Total vaccine used 
(ampoules)

Pre- exposure:

IM 

ID 0.1 mL‡

0  7  28

0  7  28

3

3

3 

< 1–3

Post- exposure (+ RIG day 0):

IM fi ve- dose

ID four- site†

0 3 7 14 28

04  72  28 

5

3

5

< 2–3 

Post- exposure booster if previous vaccine course:

IM 

ID*

0 3

04

2

1

2

1 (or < 1)*

IM, intramuscular; ID, intradermal.

* 0.1 mL/site, whole ampoule used for 0.5 mL vaccines. For 1 mL ampoules share between two, or alternatively use the whole dose to 
avoid wastage.
† Intradermal doses are 0.1 mL/site for PVRV vaccine (0.5 mL/ampoule) or the equivalent dose, 0.2 mL/site of injection, for PCECV 
vaccine (1.0 mL/ampoule).
‡ Intradermal doses are all 0.1 mL/site of injection. 
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6.2.I Viral haemorrhagic fevers

BOX 6.2.I.1 Minimum standards
 Q ABCD. 
 Q Management of shock.
 Q Blood transfusion and clotting factors.
 Q Isolation and infection control.
 Q Public health measures.

Introduction
Viral haemorrhagic fevers (VHFs) are a group of severe 
infections caused by viruses that normally affect animals. 
Human infection is characterised by high fever and, in a 
proportion of cases, haemorrhage. Animal hosts such as 
rodents are usually asymptomatic and are often infected 
with virus from birth, excreting it in urine or body fl uids 
throughout life.

In primary cases, transmission to humans occurs by a 
variety of routes, such as food contaminated with urine (e.g. 
Lassa, Junin, Machupo and Hantaan fevers) via arthropod 
vectors such as ticks (e.g. Crimean- Congo and Omsk 
fevers) or mosquitoes (e.g. Rift Valley fever). The hosts for 
Ebola and Marburg haemorrhagic fevers are not yet known.

Humans with disease are usually highly infectious. Most 
VHFs cause severe disease with a high mortality, especially 
following human- to- human spread (secondary cases). 
Some (e.g. Lassa fever) may also cause asymptomatic or 
mild illness.

Symptomatic disease is commonly mistaken for other 
febrile illnesses, typically malaria, typhoid fever or Shigella 
dysentery, which fail to respond to treatment. Individual 
VHFs are geographically restricted in distribution. As with 
all geographical illnesses, clinicians only need to know of 
those present in the local area. VHFs are fortunately rare.

Lassa fever
 O Distribution: West Africa (Nigeria, Sierra Leone, Liberia 

and Guinea).
 O Host: Mastomys rat (habitat is rural).
 O Transmission:

 — Primary: mainly from contact with host (rat) urine. 
Food may be contaminated.

 — Secondary: transmission from patient to carer, or to 
hospital and laboratory staff is common, particularly 
from haemorrhagic cases. Maternal illness is particu-
larly severe, with a high risk of vertical transmission 
to the baby (which is invariably fatal).

Prevalence
This disease is relatively common. Most primary human 
infections are not severe, and many are subclinical. 
Childhood seroprevalence in Sierra Leone can be as high 
as 20% in some rural villages. Outbreaks may occur in 
displaced communities or when humans enter host habitat.

Clinical features
 O High fever (>39°C) with cough and vomiting in 65% of 

hospital cases.
 O Abdominal pain and diarrhoea are common (around 

35% of cases).

 O In children, wheeze and pleural effusions are more 
frequent than in adults.

 O Sore throat and pharyngeal ulcers occur less frequently 
in children than in adults, but are highly suggestive of 
Lassa fever.

 O In children, oedema (especially of the face) and overt 
bleeding are seen in 10% of cases, and in a febrile child 
from an appropriate area should suggest Lassa fever.

 O At the epicentre of the transmission area, Lassa fever 
is a common cause of a febrile child with convulsions.

Diagnosis of Lassa fever
Clinical case diagnosis

 O An unexplained febrile illness compatible with Lassa 
fever, in a child from an area of known transmission, 
with no response of either fever or illness to an anti-
malarial drug plus a broad- spectrum antibiotic (e.g. 
chloramphenicol).

 — Note that malaria parasitaemia in an area of endemic 
malaria transmission is not suffi cient to exclude other 
causes of fever (e.g. VHF) as the cause of a febrile 
illness, as many adults and older children may have 
coincidental asymptomatic malaria parasitaemia as 
the cause of a febrile illness.

Supportive indirect laboratory tests
 O Raised liver transaminases (AST/SGOT) (in adults this 

refl ects a poorer prognosis).
 O Low initial white blood cell counts, but often a normal 

platelet count.

Confi rmation of diagnosis
 O Positive specifi c IgM serology (on admission only 

50% of cases are positive).
 O Rising IgG titres to Lassa on acute and convalescent 

serum.
 O Isolation of virus: this is rarely appropriate and, due to 

the high risks of laboratory infection, samples should 
not be taken without senior expert advice.

 — Samples must be marked as high infection risk, ideally 
with standard yellow hazard tape, and sent in two 
sealed plastic bags. Samples should only be taken 
if laboratory staff are aware of the potential risks, and 
are able to take the necessary precautions to handle 
such specimens safely. The laboratory should be 
informed that the specimen has been sent.

Management
 O Appropriate symptomatic management of fever, distress 

and pain.
 O Fluid and nutritional requirements.
 O Supportive care includes oxygen (if hypoxic) and initial 

IV volume replacement if the patient is hypovolaemic 
(see Section 5.5).

 O Blood transfusion may be required for a falling PCV or 
haemorrhage. Fresh- frozen plasma (FFP) may not be 
of benefi t, as inhibitors of clotting factors may cause 
bleeding.

 O Early ribavirin can improve the prognosis in severe 
disease, but is very expensive.
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Infection control
See below and Section 1.2.

Ebola
 O Distribution: Central Africa (Sudan, Democratic Republic 

of the Congo, Gabon, Cote d’Ivoire, Uganda) and West 
Africa (Guinea, Liberia and Sierra Leone).

 O Host: the main animal reservoir is unknown.
 O Transmission:

 — Primary: infection occurs mainly in adults trekking 
in tropical Central African forests. Transmission from 
primates to humans has been recorded.

 — Secondary: patients with advanced disease are 
viraemic and highly infectious. Once in a human host, 
transmission to carers, hospital and laboratory staff 
is frequent (30% of doctors developed Ebola during 
an outbreak in Kikwit, Democratic Republic of the 
Congo). However, once effective infection control 
measures have been implemented, secondary cases 
are rare.

The disease is invariably severe, with a high death rate, but 
only 20% of cases in the Democratic Republic of the Congo 
outbreak were under 15 years of age. Children are at low 
risk in the community, and boys have half the incidence of 
girls, possibly because they are less involved in the care 
of sick adults.

Invariably, in children, there is a history of contact with 
a primary case, and an outbreak of an illness that could 
be Ebola is present in the hospital and/or community. 
Post- mortem transmission does occur, possibly through 
skin contact.

Prevalence
Prevalence is low: the disease occurs sporadically in 
well- localised outbreaks.

Clinical disease (data for adults)
 O Fever is invariably present, and diarrhoea occurs in 85% 

of cases. This is bloody in 20% of cases, and can be 
confused with Shigella dysentery.

 O Vomiting and abdominal pain are common (75% of 
cases).

 O Headaches, myalgia or arthralgias are reported in 50% 
of cases.

 O Sore throat occurs in 50% of cases, and is a distinguish-
ing feature, as is conjunctival injection (45%).

 O A maculopapular rash, although poorly visible on black 
African skin, is common.

 O Cough occurs in 10% of cases.
 O Bleeding is seen in 40% of cases, and is usually either 

gastrointestinal, oral, at injection sites or as skin pete-
chiae. This is a major diagnostic sign.

 O Hospital mortality is around 80%. Recovery starts 
2 weeks into the illness.

Diagnosis of Ebola
Clinical diagnosis

 O Suspected clinical case (during epidemic): any febrile 
illness associated with haemorrhage. No contact history 
is required.

 O Probable case (during epidemic): a febrile illness 
occurring within 3 weeks of contact with a case of Ebola

or

a febrile illness in which three or more of the above clini-
cal features are present.

 O Possible clinical case (non- epidemic): an unexplained 
severe febrile illness, particularly with haemorrhage, in 
an area of Ebola transmission, with no response to an 
antimalarial drug plus a broad- spectrum antibiotic (e.g. 
chloramphenicol).

Indirect laboratory tests supportive of diagnosis
 O Raised liver transaminases (AST/SGOT). 
 O Low or normal initial white blood cell count.

Confi rmation of diagnosis
Early serological tests were diffi cult to interpret, but newer 
specifi c IgM ELISAs may allow diagnosis of acute cases on 
a single positive test. However, IgM is not always positive 
at presentation. 

 O Specifi c IgG (by ELISA) rises too slowly to be used 
as a test of acute infection, but may be useful in 
epidemiological surveys.

 O Isolation of the virus is not appropriate outside a 
specialised laboratory.

 O A post- mortem skin biopsy (in formalin at room 
temperature) is not infectious, and can allow a diag-
nosis to be made using immunohistochemistry.

Samples need to be marked as high infection risk, ideally 
with standard yellow hazard tape, and sent in two sealed 
plastic bags. Samples should only be taken where labora-
tory staff are aware of the potential risks and can take the 
necessary precautions to handle such specimens safely. 
The laboratory should be informed that the specimen has 
been sent.

Infection control
See below and Section 1.2.

Notifi cation
Consider formal identifi cation of a possible outbreak of 
Ebola if there is a new illness of high mortality in adults in 
a recognised area of transmission, particularly if hospital- 
acquired secondary cases have occurred.

Management
 O Apart from supportive care, particularly with regard to 

adequate fl uid and nutritional intake, there are no specifi c 
treatments that modify the course of the illness.

 O Antimalarial and antibiotic therapy should be given rou-
tinely, directed at treating possible alternative diagnoses 
(e.g. shigellosis, typhoid).

Infection control of VHFs
At increased risk are laboratory staff, midwives, and those 
staff and family members who are handling body fl uids 
and excreta. High- risk patient groups are those with active 
haemorrhage, those who are confused and agitated, and 
pregnant mothers.

Barrier nursing
 O Secondary spread is usually by contact with blood, 

urine- infected secretions, used needles or stool, but 
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some viruses (e.g. Ebola) have also been found on 
patients’ skin.

 O There is little clinical evidence of respiratory aerosol 
spread for the VHFs, although virus may be present in 
the nose and oropharynx.

 O Surgical and obstetric procedures carry a particularly 
high risk of infection for staff.

 O Transmission is substantially reduced by strict 
adherence to barrier nursing, disinfection of excreta, 
and clear labelling of ‘at risk’ specimens.

 — Only essential samples should be taken.
 — The laboratory should be aware of and prepared to 
receive specimens.

 — Family contact should be restricted to the minimum 
required for care.

 — Soap and water should be available for hand washing 
before and after patient contact.

 — For all carers, including family members, careful 
barrier nursing with gloves and plastic aprons is man-
datory, and stocks of these must be readily to hand.

 — Hospital staff and carers are advised to wear double 
gloves, plastic aprons, gowns (with boots), a head 
covering, HEPA- type face masks and goggles or eye 
shields. However, in a tropical setting these can only 
be tolerated for a few hours at a time, so arrange 
work to account for this.

 — If outer gloves are not changed between patients, 
gloved hands should be washed in 1:100 bleach.

 — Appropriate disposal of excreta and clinical waste is 
essential, so incinerate burnable clinical waste daily, 
and fl ush excreta down a dedicated toilet, having 
added 1:10 household bleach (0.5% chlorine) fi rst.

(a) Disinfect bedpans and urine bottles with 1:10 bleach.
(b) Disinfect beds and equipment with 1:100 bleach.
(c) Disinfect the dead with 1:10 bleach before burying in a 

sealed plastic bag.

Consider using seropositive staff to nurse these patients. 
The identifi cation and involvement of these staff has been 
successful in some outbreaks. They must follow the ward 
infection control measures. Remember that convalescent 
patients may continue to excrete virus for many months (in 
both Lassa and Ebola).

Fear among staff and the community needs to be 
addressed openly, and staff and carers must be educated 
about the role of barrier nursing measures, and the risks 
involved if these are not implemented.

Careful attention should be paid where local culture 
and customs (e.g. burial rites, ‘widow cleansing’, care 
of the sick, etc.) cause ‘high- risk’ activity. Education and 
participation of community leaders is important to ensure 
safe practice.

Which patients should be isolated?
Isolation of all patients who are likely to have a VHF on 
admission

 O The different categories of clinical diagnostic prob-
ability are based on fever, contact history, haemorrhagic 
and non- haemorrhagic clinical signs, initial laboratory 
tests and geography. These categories are as follows:

 — suspected clinical VHF
 — probable VHF
 — illness probably not a VHF.

 O Distinguishing signs (e.g. conjunctivitis in Ebola) are 
particularly helpful for categorising cases.

Isolation of suspected and probable cases on 
presentation to hospital

 O Isolation should ideally be in single rooms, but an 
identifi ed separate communal ward for probable and 
confi rmed cases is often all that is available.

 — This should have an adjoining toilet, for safe waste 
disposal.

 — There should be a separate adjoining area for chang-
ing into and storing isolation clothing.

 — Supplies of gloves, gowns, etc. need to be readily 
available.

 — Hand- washing facilities are mandatory.
 O The area should be marked as ‘access restricted’ to only 

those trained in VHF isolation precautions, and attention 
should be paid to screening windows.

Written infection control measures should be clearly dis-
played on the ward.

Differential diagnosis of VHFs
 O The important differential diagnoses are, depending on 

geography, falciparum malaria, typhoid, meningococ-
caemia, Shigella or non- specific bloody dysentery, 
severe sepsis, leptospirosis, plague, yellow fever and 
dengue.

 O It is crucial to exclude other treatable disease in patients 
presenting with symptoms suggestive of a VHF, and to 
initiate therapy directed at these.

 O All patients should therefore receive a broad- spectrum 
antibiotic (e.g. chloramphenicol), and in some areas an 
antimalarial drug.

 O In an endemic area, or during a known outbreak, the 
clinical diagnosis of a VHF is relatively straightforward. 
Diffi culty arises when sporadic or new cases occur.

 O A history of contact with a case in the previous 3 weeks 
and a history of recent travel to a transmission area 
should be sought. As no VHF has an incubation period 
longer than 3 weeks, travellers or contacts of known 
or suspected cases who are well after this period are 
unlikely to be infected.

Further reading
The following very practical resources are for those who 
require additional VHF control information.
Medicins Sans Frontieres 2014 on the Ebola epidemic in West 

Africa www.msf.org.uk/ebola
WHO fact sheet on Ebola 2014 www.who.int/mediacentre/

factsheets/fs103/en/
World Health Organization Global Alert and Response on the 

Ebola epidemic 2014. www.who.int/csr/disease/ebola/en/
World Health Organization (1997) WHO Recommended 

Guidelines for Epidemic Prepared ness and Response: 
Ebola Haemorrhagic Fever (EHF). www.fas.org/nuke/intro/
bw/whoemcdis977E.pdf
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6.2.J Yellow fever

BOX 6.2.J.1 Minimum standards
 Q Immunisation.
 Q Intensive supportive care.
 Q Blood transfusion.
 Q Vector control.
 Q Internationally notifi able.

Introduction
Yellow fever is a fl avivirus infection spread by the bite of 
Aedes and other mosquitoes.

Epidemiology
 O Yellow fever is currently confi ned to tropical Africa and 

parts of South America, especially around the Amazon 
basin. It does not occur in Asia.

 O A reservoir of infection exists in jungle primates, and 
mosquitoes which bite the animals in the tree canopy. 

 O Three transmission cycles are recognised: 
 — sylvatic (jungle), in which a reservoir is maintained 
among jungle primates by mosquitoes, with humans 
being infected incidentally 

 — intermediate (savannah), the commonest cycle occur-
ring in Africa, in which semi- domestic mosquitoes 
may cause small epidemics in rural villages 

 — urban, in which infected humans introduce infection 
to urban areas, where the day- biting Aedes aegypti 
fl ourishes and may cause major epidemics in unvac-
cinated populations.

Pathophysiology
Symptoms are due to toxic effects on the liver, kidneys 
and sometimes other organs, such as the heart and brain. 
Asymptomatic infections may also occur.

Clinical features
 O The incubation period is 3–6 days.
 O Many patients have an initial febrile illness, with chills 

and muscle pains, from which they recover.
 O Others, after an illness of about 5 days, have a brief 

period of apparent improvement followed by deteriora-
tion and the following complications:

 — vomiting: fi rst bilious and then black (‘coffee grounds’)
 — jaundice, liver failure and hypoglycaemia
 — bleeding of the gums, nose and stomach
 — proteinuria, oliguria and renal failure
 — delirium and coma.

 O Mortality among complicated cases is 20–50%.

Laboratory diagnosis
 O Leukopenia, thrombocytopenia, initial haemoconcentra-

tion and then haemodilution.
 O Raised transaminases and bilirubin levels.
 O Abnormal clotting.
 O Proteinuria and impaired renal function. 
 O Rapid detection methods for yellow fever virus include 

PCR and antigen detection.
 O The serum IgM- ELISA assay is 95% sensitive if per-

formed within 7–10 days of clinical onset.
 O A probable case is defi ned as positive IgM- ELISA 

taken within days 3–10 of symptoms.
 O A confi rmed case is defi ned as a clinically compatible 

case plus a fourfold rise in antibody titre in a patient with 
no history of recent yellow fever vaccination and having 
excluded cross- reactivity with other fl aviviruses.

 O Post- mortem liver biopsy specimens show mid- zone 
necrosis of hepatic lobules, often with eosinophilic 
Councilman bodies. Antigen may also be detected in 
tissue.

Management
 O Universal cross- infection precautions, careful nursing 

and symptom control.
 O Nurse suspected patients under permethrin- treated bed 

nets, as blood may remain infective for mosquitoes up 
to 5 days after onset.

 O Supportive management, fluids, blood transfusion, 
fresh- frozen plasma, inotropes, dialysis, and ventilation 
if required. 

 O No specifi c antiviral treatment is available. Caution in 
prescribing and beware risk of bleeding, hepatic and 
renal impairment. H2- receptor antagonists may reduce 
risk of gastric bleeding.

 O Suspected cases of yellow fever must be notifi ed 
within 24 hours to national public health authorities, 
which in turn notify the WHO. 

Prevention
 O Elimination of the breeding sites of Aedes aegypti mos-

quitoes around human dwellings.
 O Immunisation of the local population with live attenu-

ated 17D yellow fever vaccine. Immunisation becomes 
effective after 10 days. Vaccine may be given to children 
aged 6 months or older unless there are specifi c con-
traindications (e.g. if they are immunocompromised).
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6.3 Other parasitic infections

6.3.A Systemic protozoal infections

6.3.A.a African trypanosomiasis

BOX 6.3.A.A.1 Minimum standards
 Q Hydration, nutritional support, and treatment of intercur-

rent infections.
 Q Confi rm the diagnosis, including lumbar puncture for 

clinical staging.
 Q Pentamidine, suramin, melarsoprol, efl ornithine and 

nifurtimox.
 Q Prednisolone.
 Q Public health measures and vector control.

Introduction
Gambian trypanosomiasis, caused by Trypanosoma brucei 
gambiense, is a slowly progressive disease of West and 
Central Africa. Rhodesian trypanosomiasis, caused by 
T. b. rhodesiense, is a subacute infection found in East 
and Southern Africa. Trypanosomiasis of wild and domestic 
animals is often caused by other ‘subspecies’ of T. brucei 
which are indistinguishable morphologically from those that 
cause human infection.

Transmission
 O By the bite of infected tsetse fl ies (Glossina).
 O Riverine tsetse (Glossina palpalis group) are responsi-

ble for transmission of T. b. gambiense, chiefl y from a 
human reservoir. Infection may be endemic or epidemic.

 O Savannah tsetse fl ies (Glossina morsitans group) are 
mainly responsible for sporadic transmission of T. b. 
rhodesiense from animals to humans.

 O Congenital transmission is also well recognised.

Clinical features
A painful bite lesion (the trypanosomal chancre) may form 
at the site of the infected bite and last for up to 3 weeks. 
Among indigenous people in endemic areas, this is more 
commonly seen in T. b. rhodesiense (19%) than in T. b. 
gambiense infections. However, a chancre may be seen in 
25–40% of early presentations of T. b. gambiense among 
expatriates. Clinical staging is essential for planning treat-
ment, and depends on evidence of CNS involvement based 
on lumbar puncture fi ndings.

Haemolymphatic stage 1
 O Symptoms of fever and malaise that last for about 

a week are associated with waves of parasitaemia. 

Lymph nodes (especially those at the back of the neck 
in Gambian disease) become enlarged.

 O There may be short- lived oedematous swellings of the 
face or limbs, and sometimes a patchy circular erythe-
matous rash or skin itching.

 O Early symptoms are often milder in Gambian disease, 
and this stage may last for months to years.

 O In Rhodesian disease, patients are usually more ill with 
tachycardia, high fever, hepatosplenomegaly, myocar-
ditis, anaemia and sometimes jaundice.

Meningo- encephalitic stage 2
 O Severe headache and altered behaviour are often seen.
 O Patients may become apathetic, depressed or frankly 

psychotic.
 O Sleep is disturbed, so that patients are often awake 

during the night and sleep by day; eventually deep 
coma results.

 O Ataxia and cerebellar signs are frequent.
 O Delayed response to pain after deep pressure, the 

appearance of primitive refl exes and altered tendon 
refl exes may be seen.

 O Death often results from intercurrent infection.

Diagnosis
 O In T. b. rhodesiense infections, trypanosomes can usu-

ally be observed in thick blood fi lms. These are also 
useful for T. b. gambiense infections, but may be nega-
tive during periods of low parasitaemia.

 O More sensitive methods of examining the blood include 
microhaematocrit centrifugation, use of the quantita-
tive buffy coat (QBC) technique, and the mini- anion 
exchange column method.

 O When there are enlarged lymph nodes, particularly 
posterior cervical nodes in T. b. gambiense infections 
(Winterbottom’s sign), microscopy of a node aspirate 
may demonstrate trypanosomes.

 O Serological methods: The card agglutination 
test for trypanosomiasis (CATT) is useful only for 
population screening for T. b. gambiense infec-
tions. Positive results need to be confi rmed by 
the fi nding of parasites. Other serological tests 
exist that may be useful for screening suspected 
cases of T. b. gambiense, but are rarely available 
in resource- limited settings. Seropositives require 
parasitological confirmation. Negative serology 
does not exclude the diagnosis. Always search for 
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parasites. No serological screening tests are cur-
rently available for T. b. rhodesiense.

 O Treatment depends on evaluation of the stage of infec-
tion, so lumbar puncture is essential. Criteria for stage 2 
disease in a previously untreated patient include either 
the presence of trypanosomes in the CSF, or a raised 
CSF lymphocyte count (> 5 cells/mm3) in the absence 
of another cause. CSF protein levels are usually raised. 
CSF IgM (if available) may be useful as an early marker 
of CNS invasion.

Treatment
Drug resistance is becoming more widespread. Check 
local resistance patterns and treatment recommendations. 

The drugs used for treatment are toxic. They should only 
be started after a parasitological diagnosis has been con-
fi rmed and, particularly in stage 2 T. b. gambiense disease, 
after the patient’s general condition has been improved by 
attention to hydration, nutrition and intercurrent infections. 

T. b. gambiense stage 1
 O Give pentamidine isethionate 4 mg/kg IM daily for 

7–10 days.
 O Children should be given a meal or a sweet drink 1 hour 

prior to treatment (to reduce the risk of hypoglycaemia), 
and must lie down for an hour after an injection and have 
careful checks of pulse and blood pressure (there is a 
risk of severe hypotension). 

 O Side effects: hypoglycaemia (may occur up to 7 days 
after treatment), arrhythmias, bone- marrow suppres-
sion, electrolyte disturbances (low K+, Ca2+, Mg2+). 
Monitoring is recommended if possible.

T. b. gambiense stage 2
 O Recommended treatment is nifurtimox–efl ornithine 

combination treatment (NECT).
 O Give nifurtimox 5 mg/kg orally three times daily for 

10 days plus efl ornithine 200 mg/kg every 12 hours by 
IV infusion (over 2 hours) for 7 days. 

 O Second choice, if nifurtimox is not available and the 
patient is under 12 years of age, is to give efl ornithine 
150 mg/kg every 6 hours by IV infusion (over 2 hours) 
for 14 days. If the patient is over 12 years of age, give 
efl ornithine 100 mg/kg every 6 hours by IV infusion (over 
2 hours) for 14 days.

 O There is a risk of infection and phlebitis at the IV site. 
Care is needed with regard to sterile procedures and 
securing the IV line. Change the IV site every 2 days.

 O Side effects include CNS abnormalities (due to nifur-
timox), convulsions, and bone- marrow suppression 
(due to efl ornithine). 

 O Relapse after NECT or efl ornithine: Give melarsoprol, 
2.2 mg/kg/day slowly IV for 10 days. Encephalopathy 
occurs in up to 15% of patients treated with melar-
soprol, and is associated with a 50% case- fatality 

rate. Co- administration of prednisolone reduces the 
risk of encephalopathy to less than 5%. Prior to the 
fi rst dose of melarsoprol, start prednisolone orally 
1 mg/kg (maximum 40 mg/day) daily for 10 days, then 
taper and stop over 3 days.

 O Side effects include encephalopathy, peripheral neu-
ropathy, skin reactions including Stevens–Johnson 
syndrome, and phlebitis. Note that melarsoprol IV is 
very painful, particularly if extravasation occurs, and may 
cause tissue necrosis. 

T. b. rhodesiense stage 1
 O Suramin: initial test dose of 4–5 mg/kg slowly IV over 

5 minutes on day 1, then 20 mg/kg slowly IV on days 3, 
10, 17, 24 and 31. Maximum single dose 1 g/injection. 

 O The initial test dose is to reduce the risk of idiosyncratic 
anaphylactic reactions to suramin. Have IM adrenaline 
available (see Section 5.1.B).

 O Test the urine for albumin before each dose, and modify 
the regime if more than a trace of protein is seen. 

 O This regime may also be used for stage 1 T. b. gam-
biense if pentamidine is unavailable.

 O Side effects include hypersensitivity, nephrotoxic-
ity (monitor urine albumin levels before each dose, and 
modify the regime if more than a trace of protein is seen) 
and peripheral neuropathy.

T. b. rhodesiense stage 2
 O Melarsoprol: 3.6 mg/kg slowly IV for 3 or 4 days 

repeated three or four cycles with an interval of 7–10 days 
between treatment series.

 O Prednisolone: 1 mg/kg (maximum 40 mg/day) orally 
daily throughout the course of melarsoprol, then gradu-
ally taper and stop. Note that the recommendation for 
use in T. b. rhodesiense stage 2 is largely based on 
evidence for use in T. b. gambiense stage 2.

 O Side effects: see previous notes.

Follow- up
 O Notify all cases so that effective surveillance and public 

health action is taken.
 O All patients should have follow- up lumbar puncture for 

2 years (T. b. gambiense, lumbar puncture 6- monthly; 
T. b. rhodesiense, 3- monthly for 1 year and then 
6- monthly). 
If initially stage 1 but at follow-up:
(i) CSF 6–19 white blood cells/mm3: repeat lumbar 

puncture in 1–2 months. 
(ii) CSF * 20 white blood cells/mm3: treat as stage 2.

If initially stage 2, CSF white cell count trend at follow- up 
is more important than the actual value. 

 O Drug resistance is increasing – if suspected seek expert 
advice.
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6.3.A.b American trypanosomiasis (Chagas disease)

BOX 6.3.A.B.1 Minimum standards
 Q Bed nets.
 Q Vector control.
 Q Benznidazole.
 Q Nifurtimox.

Introduction
American trypanosomiasis is potentially life- threatening and 
is caused by the protozoan parasite, Trypanosoma cruzi. 

An estimated 10 million people are infected worldwide, 
mostly in Latin America, where it is endemic. In 2008 it killed 
more than 10 000 people. It is increasingly being detected 
in the USA, Canada, many European and some Western 
Pacifi c countries.

In Latin America, T. cruzi is mainly transmitted by the 
infected faeces of blood- sucking triatomine bugs. These 
bugs typically live in the cracks of poorly constructed homes 
in rural or suburban areas. They become active at night 
when they feed on human blood by biting an exposed area 
of skin such as the face, where the bug defecates close 
to the bite. The parasites enter the body when the person 
instinctively smears the bug faeces into the bite, the eyes, 
the mouth, or any break in the skin. 

T. cruzi can also be transmitted in the following ways: 
 O via food contaminated with the parasite through, for 

example, contact with triatomine bug faeces 
 O by blood transfusions from infected donors
 O by transmission from an infected mother to her newborn 

during pregnancy or childbirth.

Clinical management
Signs and symptoms
The disease presents in two phases. The initial acute phase 
lasts for about 2 months after infection. During the acute 
phase, a high number of parasites circulate in the blood. In 
most cases, symptoms are absent or mild, but can include 
fever, headache, enlarged lymph glands, pallor, muscle 
pain, diffi culty in breathing, swelling and abdominal or chest 
pain. In less than 50% of people bitten by a triatomine bug, 
the characteristic fi rst visible signs can be a skin lesion or 
a purplish swelling of the lids of one eye.

During the chronic phase, the parasites congregate in 
the heart and digestive tract. Up to 30% of patients suffer 
from cardiac disorders, and up to 10% suffer from diges-
tive (typically enlargement of the oesophagus or colon), 
neurological or mixed pathology. The infection can lead 
to sudden death or heart failure caused by progressive 
destruction of the heart muscle.

Treatment
Benznidazole and nifurtimox are both almost 100% effective 
in curing the disease if given soon after infection. However, 
the effi cacy of both diminishes the longer a person has been 

infected. Treatment is also indicated for those in whom the 
infection has been reactivated (e.g. due to immunosuppres-
sion), for infants with congenital infection, and for patients 
during the early chronic phase. The potential benefi ts of 
medication in preventing or delaying the disease should 
be weighed against the long duration of treatment (up to 
2 months) and possible adverse reactions (occurring in up 
to 40% of treated patients).

Benznidazole and nifurtimox should not be taken by 
pregnant women or by people with kidney or liver failure. 
Nifurtimox is also contraindicated in people with a history 
of neurological or psychiatric disorders. In addition, specifi c 
treatment for cardiac or digestive manifestations may be 
required. 

Benznidazole 100 mg tablets
Acute or early chronic phase:

 O Full term newborn infant give 5 mg/kg daily in 3 divided 
doses increasing after 3 days to 10 mg/kg daily if no leu-
kopenia or thrombocytopenia occurs. Treat for 60 days.

 O Infant or child, 40 kg body weight give 7.5 mg/kg daily 
in 2–3 divided doses for 60 days.

 O Child > 40 kg give 5 mg/kg daily in 2–3 divided doses 
for 60 days.

Chronic phase:
Infant or child 5 mg/kg daily in 2–3 divided doses for 
60 days.

Nifurtimox Tablets 30, 120 and 250 mg
Acute or early chronic phase:given after meals

 O Neonate, infant or child < 40 kg give15–20 mg/kg daily 
in 3 divided doses for 60 days

 O Child > 40 kg 12.5–15 mg/kg daily in 3 divided doses 
for 60 days

Chronic phase:
Infant or child 8–10 mg/kg daily in 3 divided doses for 
60 days.

Vector control and prevention
There is no vaccine for Chagas disease. Vector control is 
the most effective method of preventing this disease in Latin 
America. Blood screening is necessary to prevent infection 
through transfusion.

The WHO recommends:
 O insecticide spraying of houses and surrounding areas
 O house improvements to prevent vector infestation
 O personal preventive measures such as bed nets 
 O good hygiene practices in food preparation, transporta-

tion, storage and consumption 
 O screening of blood donors
 O screening of newborns from infected mothers, and of 

siblings of infected children to provide early diagnosis 
and treatment. 
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6.3.A.c Leishmaniasis

BOX 6.3.A.C Minimum standards
 Q Public health measures and vector control.

Leishmaniasis: visceral
 Q Bone- marrow, splenic and lymph- node aspirate.
 Q Pentavalent antimonials. 
 Q Amphotericin B.
 Q Paromomycin.

Leishmaniasis: cutaneous and mucocutaneous
 Q Pentavalent antimonials.
 Q Topical 15% aminosidine plus 12% methyl 

benzethonium.
 Q Ketoconazole.

Introduction
Leishmaniasis is caused by Leishmania, a protozoon 
whose reservoir is in animals, including rodents and dogs, 
and in some areas (e.g. India) in humans. The vector is the 
female sandfl y.

There are three main clinical types of disease:
 O cutaneous (CL)
 O mucocutaneous (MCL)
 O visceral leishmaniasis (VL) or kala- azar.

Parasite and life cycle
 O About 21 of the 30 or more species of Leishmania infect 

humans. They are morphologically similar and can only 
be differentiated by isoenzyme analysis which identifi es 
the zymodeme in the cultured parasite.

 O In animals and humans, Leishmania lives in mac-
rophages in the reticulo- endothelial system in the form of 
amastigotes (Leishman–Donovan bodies). When taken 
up by the biting sandfl y it transforms into a promastigote, 
which has a fl agellum.

 O There are two main genera of sandfly responsi-
ble for transmission, Phlebotomus in the Old World 
and Lutzomyia in the New World (Central and South 
America). Sandfl ies breed in organic material in dark 
moist sites, such as cracks in masonry, termite hills, or 
leaves on the forest fl oor. The female obtains her blood 
meal at night by feeding on animals, and also on humans 
if they are living or working in the vicinity.

Epidemiology
The Old World comprises Africa, Asia and Europe (col-
lectively known as Afro- Eurasia), plus the surrounding 
islands. It is used in the context of, and contrast with, the 
‘New World’ (i.e. the Americas and sometimes Oceania). 
Old world CL and VL are found in the Mediterranean basin, 
the Middle East, the Sudan, Ethiopia, Kenya, Afghanistan, 
the Indian subcontinent, and southern regions of the former 
Soviet Union, and China. Where HIV infection and VL coex-
ist, there are major problems in the treatment of VL. Drug 
resistance in VL is a serious concern in India and the Sudan. 
Bihar State has 90% of VL in India and 45% of world cases.

In the New World, CL and MCL are the main forms of 
infection. VL occurs mainly in North- East Brazil.

Currently, leishmaniasis occurs in four continents and 
is considered to be endemic in 88 countries, 72 of which 
are resource- limited: 

 O 90% of all visceral leishmaniasis cases occur in 
Bangladesh, Brazil, India, Nepal and Sudan 

 O 90% of mucocutaneous leishmaniasis cases occur in 
Bolivia, Brazil and Peru

 O 90% of cutaneous leishmaniasis cases occur in 
Afghanistan, Brazil, Iran, Peru, Saudi Arabia and Syria.

Leishmaniasis is a disease of poverty associated with 
malnutrition, displacement, poor housing and migration 
of non- immune people to endemic areas. It is linked with 
deforestation and urbanisation. 

Immunology
 O A strong cell- mediated immune (CMI) response is 

required for control of and recovery from disease. 
Polyclonal stimulation of B cells results in high levels 
of IgG.

 O Subclinical infection is common. CL usually heals spon-
taneously, but untreated MCL will progress, and VL 
will result in death. Development of VL indicates that 
the host’s CMI is unable to control the infection, and if 
untreated, progressive immunosuppression will develop.

 O Death is usually due to a secondary infection (e.g. res-
piratory tract or gut infection).

Cutaneous and mucocutaneous 
leishmaniasis

Cutaneous leishmaniasis
The species responsible are L. tropica, L. major, L. aethi-
opica in the Old World, and L. mexicana and L. amazonensis 
in the New World. Single or multiple nodules develop on 
exposed areas, especially the face or extremities, and usu-
ally ulcerate. Most heal spontaneously within months to a 
year or so, leaving scars.

Mucutaneous leishmaniasis
The species responsible is L. braziliensis. A nodule devel-
ops initially, as in CL, but at about the time of healing, 
metastatic lesions occur on mucosal surfaces, such as the 
nasal mucosa and oropharynx. If these are left untreated, 
progressive destruction of local tissue occurs.

Diagnosis
 O Slit skin smear or aspiration should be undertaken from 

the raised margin of the lesion (not the base of the ulcer). 
Material is spread on a slide, dried, fi xed in methanol 
and stained with Giemsa or Leishman.

 O If a biopsy is undertaken (e.g. in MCL), impression 
smears should be done before fi xing.

 O If available, the specimen should be cultured.

Management
Most CL lesions are self- limiting. Treatment is indicated for 
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multiple, large and disfi guring lesions and all MCL. Clean 
the lesion, and give antibiotics if necessary. 

Standard treatment for CL and MCL is with pentavalent 
antimonials (Sb): sodium stibogluconate (Pentostam, 
100 mg Sb/mL) or meglumine antimoniate (Glucantime, 
85 mg Sb/mL). It is essential to remember that the doses 
of these two drugs are different, because they contain dif-
ferent concentrations of antimony (Sb). Give 20 mg Sb/kg/
day IV or IM in a single dose for 20–28 days depending on 
the species of Leishmania (e.g. MCL requires 28 days or 
more). The IV infusion is stopped if coughing or substernal 
pain occurs. Urinary excretion of Sb is rapid (its half- life is 
2 hours), although slow accumulation occurs.

For L. major, weekly or twice weekly intra- lesional 
injections of Sb (which are painful) may be administered 
(1 mL/lesion at four sites per ulcer) to adolescents or adults, 
using a 1- mL syringe and a fi ne (24- gauge) needle, for 
4–8 weeks. A topical ointment containing 15% aminosidine 
and 12% methylbenzethonium chloride applied twice daily 
for 10–20 days may be tried. Effi cacy is variable, but it may 
be combined with intra- lesional Sb injections.

Oral fl uconazole, 3 mg/kg once daily (maximum 100 mg) 
for up to 6 weeks, may be effective, but there is a danger 
of liver dysfunction. 

In areas where there is antimonial resistance, pentami-
dine (IM 2 mg/kg every second day for seven injections), 
amphotericin B and oral miltefosine may be required (see 
management of VL below).

All three of these drugs have potentially serious side 
effects.

Visceral leishmaniasis (kala azar)
Epidemics occur in situations of famine, complex emer-
gencies and mass movements of populations. It has a 
high fatality rate if untreated. It is estimated that there are 
360 000 new cases every year globally, of which more than 
60% occur in Northern India (Bihar). 

The species responsible are L. donovani and L. infantum 
in the Old World, and L. chagasi in the New World.

 O The major presenting features include the triad of 
prolonged fever, anaemia and moderate to marked 
splenomegaly. In the early stages the child is often only 
mildly unwell and may have a reasonable appetite. In a 
minority of cases, the onset may be acute, with a high 
temperature, toxaemia and mild splenomegaly.

 O Pancytopenia is the main laboratory fi nding.

Diagnosis
 O In children, the diagnosis is usually confi rmed by dem-

onstrating amastigotes on bone- marrow aspirate.
 O Splenic aspirates have a higher sensitivity, and this 

procedure is safe in skilled hands so long as the platelet 
count is above 40 × 109/litre and coagulation is normal.

 O Repeat bone- marrow or splenic aspiration to monitor 
progress if required.

 O If there is lymphadenopathy, diagnosis may be attempted 
by fi ne- needle aspiration.

 O Serological antibody tests such as ELISA have 
a high sensitivity, and are particularly helpful if 
a parasitological diagnosis cannot be obtained.

 O If a microscopic diagnosis cannot be made, the poly-
merase chain reaction (PCR) should be undertaken. 
The value of the PCR is being evaluated.

Differential diagnosis
 O Differential diagnosis of marked hepatosplenomegaly, 

anaemia and pancytopenia includes hyper- reactive 
splenomegaly (tropical splenomegaly) syndrome and 
schistosomiasis, as well as myeloid leukaemia and 
myelofi brosis.

 O In acute- onset disease, malaria, disseminated tuber-
culosis, typhoid, brucellosis, African trypanosomiasis, 
relapsing fever and leukaemia should be considered.

 O HIV infection greatly increases the risk of visceral 
leishmaniasis, and thus co- infection is common.

TABLE 6.3.A.C.1 Clinical features of visceral leishmaniasis

Incubation period: 2–4 months (weeks to two years)

Fever: intermittent at fi rst

Anaemia: bone- marrow depression, hypersplenism

Splenomegaly: progressive enlargement

Hepatomegaly

Weight loss

Epistaxis: haemorrhage from other sites may occur in 
advanced disease

Diarrhoea: invasion of gut by amastigotes, secondary infection

Cough

Oedema: hypoalbuminaemia

Hair and skin signs of malnutrition in chronic forms

Lymphadenopathy: in some African countries

TABLE 6.3.A.C.2 Clinical pathology of visceral leishmaniasis

Haemoglobin: low; normochromic, normocytic fi lm

White blood cells: low, 2–3 × 109/litre Eosinophils low 

Platelets: low, < 100 × 109/litre 

Reticulocytes: low

Serum albumin: low 

Serum globulin: elevated

Liver transaminases and serum bilirubin: normal

Management of visceral leishmaniasis 
Consider HIV co- infection and secondary disorders such 
as malaria, respiratory and gut infections, and tuberculosis. 
Blood transfusion for anaemia is seldom required, as the 
child has usually adapted to the low haemoglobin level. Give 
haematinics and vitamin supplements during nutritional 
rehabilitation and convalescence.

Liposomal amphotericin B used to be expensive, 
but following a campaign the WHO has brought about 
a 90% reduction in price, and consequently this is now 
the treatment of choice. 

The alternative treatment is with antimoniates (Sb), for 
which again the WHO has obtained a substantial reduction 
in cost. Meglumine antimoniate and sodium stibogluco-
nate are available. The duration of Sb treatment is usually 
4 weeks, but prolonged treatment (up to 6 weeks) may be 
necessary in resistant cases (see Table 6.3.A.c.3).

For relapse, a second course can be given after a few 
weeks. Serious toxicity is rare in children, but if a prolonged 
course of high dosage is required, or toxicity is suspected, 
liver function tests and an ECG looking for conduction 
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disorders should be undertaken. Serious toxicity may 
require dimercaprol to chelate and remove the antimony.

In areas where there is resistance to Sb, such as 
Bihar state in India, and the Sudan, alternative drugs 
are required as follows: amphotericin B by slow infusion; 
paromomycin (aminoglycoside, identical to aminosidine); or 

oral miltefosine. Combinations of drugs (e.g. paromomycin 
and Sb) may be more effective. In patients with HIV/VL 
co- infection, management is diffi cult because of frequent 
relapse when treatment is stopped. HAART combined with 
maintenance anti- leishmanial therapy is important.

TABLE 6.3.A.C.3 Drugs used in the treatment of visceral leishmaniasis

Drug Doses Contraindications and 
cautions

Side effects

Liposomal amphotericin B 4 mg/kg IV over 
30–60 minutes once daily by 
IV infusion on days 1, 2, 3, 5 
and 10

An initial test dose of 
100 micrograms/kg (maximum 
1 mg) is infused over 
15 minutes. Observe for 1 hour 
to ensure that anaphylaxis 
does not occur, then proceed

May produce hypotension, 
fever, vomiting, headache, and 
muscle and joint pain. Less 
commonly, chest pain, hypoxia, 
severe abdominal pain, 
fl ushing, urticaria, and fl ank or 
leg pain

Sodium stibogluconate 
(100 mg Sb/mL) or meglumine 
antimoniate (81 mg Sb/mL)

20 mg/kg (minimum 200 mg) 
IV infusion or deep IM injection 
over over 5–10 minutes once 
daily for 28 days 

Prolonged treatment for 
6 weeks in resistant cases

Pre- existing severe cardiac, 
liver, renal, pancreatic or 
haematological abnormalities

Not to be given during 
pregnancy

Filter solution through 5- micron 
fi lter immediately before 
infusion 

Vomiting, abdominal pain, 
myalgia and arthralgia, 
headache, metallic taste. 
Rarely sudden death with 
prolonged QT interval; 
therefore monitor ECG and 
stop infusion if QT exceeds 
0.5 seconds

Conventional amphotericin B Slow IV infusion, 1 mg/kg every 
second day for 15 days, or 
daily for 20 days. (daily dose 
must never exceed 1.5 mg/kg)

An initial test dose of 
100 micrograms/kg (maximum 
1 mg) is infused over 
15 minutes. Observe for 1 hour 
to ensure that anaphylaxis 
does not occur, then proceed

May produce hypotension, 
fever, vomiting, headache, and 
muscle and joint pain

Paromomycin Daily IV or IM injections 
16–20 mg/kg/day for 21 days

Do not give at the same 
time as gentamicin or other 
aminoglycosides.

Avoid if there is renal 
impairment

Vomiting, diarrhoea, abdominal 
pain, fever and ototoxicity

Miltefosine 2.5 mg/kg/day orally for 
28 days

Not in pregnancy Nausea and vomiting

A limited stock of the above drugs is kept by the WHO in 
Geneva for rapid response to an epidemic. 

A study looking at the effectiveness of a single- dose 
treatment (by IV infusion) using liposomal amphotericin B 
is currently in progress in India. 

Follow- up and prognosis
Symptomatic improvement usually occurs within a few 
days, and a haematological response occurs within 
2 weeks. Splenomegaly slowly regresses, but may take a 
year or more to resolve. Prolonged follow- up (at least 1 year) 
is necessary to detect relapse. Relapse is treated with a 
repeat prolonged course of antimonials (up to 8 weeks). 
Unresponsiveness will require alternative drugs such as 
liposomal amphotericin B (if available), aminosidine, stand-
ard amphotericin B or pentamidine. Trials of miltefosine are 
in progress.

Prevention and control
Prevention is similar to that of malaria, and includes insect 
repellents and the use of fi ne- mesh bed nets impregnated 
with permethrin. Control includes spraying of sandfl y resting 
sites and human dwellings, destruction of animal reservoirs 
and treatment of cases.

Further reading 
Murray HW, Berman JD, Davies CR et al. (2005) Advances in 

leishmaniasis. Lancet, 366, 1561–77.
World Health Organization (2014) Leishmaniasis. www.who.

int/leishmaniasis/en/
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6.3.A.d Malaria

BOX 6.3.A.D.1 Minimum standards for an 
effective malaria control programme
1 Prevention:

 Q Impregnated bed nets (ITNs), preferably long- 
lasting insecticidal nets (LLINs). 

 Q Where appropriate, intermittent preventive 
treatment in infants (IPTi) and seasonal malaria 
chemoprevention (SMC) for older children.

 Q Other methods of vector control, such as indoor 
residual spraying (IRS), personal protection (e.g. 
mosquito coils, impregnated clothing, repellents, 
etc.).

2 A well- informed population to improve early care 
seeking and adherence to treatment and preventive 
regimes. 

3 Good case management:
 Q Early accurate diagnosis: all patients should have 

a biological test before treatment:
 — Quality- assured thick blood fi lm and/or rapid 

diagnostic test (RDT).
 — Haemoglobin measurement to detect and 

treat malaria anaemia (e.g. using a haemocue 
machine).

 — In severe disease, facilities to measure 
blood glucose levels and provide safe blood 
transfusion.

 Q Effective treatment:
 — Treatment for simple malaria.

 » Artemisinin combination therapy (ACT) 
(following the national protocol for recom-
mended ACT).

 — Treatment for severe disease.
 » IV or IM artesunate (IM artemether, rectal 

artesunate, or IV or IM quinine if artesunate 
is not available).

 — Pre- referral treatment.
 » Rectal artesunate (if artesunate is not avail-

able, rectal quinine) or if injections are safe 
IV or IM artesunate or IM artemether, or 
IM quinine.

4 Accessible, acceptable and affordable care:
 Q Consider training community health workers in 

remote areas to diagnose and treat malaria. 
 Q Make treatment free for pregnant girls and children 

under fi ve.
 Q Set up a good referral system from community and 

fi rst- level health facilities to facilities with means to 
treat severe cases, including transport and facilities 
to access resources to pay for treatment if needed.

Introduction
Malaria is an extremely important public health burden in 
Africa, disproportionately affecting the youngest and most 
vulnerable. Children under 5 years and pregnant women, 
especially in the fi rst pregnancy, suffer from severe forms of 
the disease. In Asia, the disease is more common in men 
and older children.

 O Nearly 80% of the world’s malaria burden is in Africa.

Malaria is estimated to cause at least 650 000 deaths 
each year, mostly among African children.

 O Unlike anywhere else in the world, children aged 
6–24 months in Africa are most at risk of the worst 
forms of malaria. Every 30 seconds an African child 
dies of malaria.

There are fi ve Plasmodium species known to be infective to 
humans, namely Plasmodium falciparum, P. vivax, P. ovale, 
P. malariae and P. knowlesi.

P. falciparum causes severe disease and is the most 
prevalent form in sub- Saharan Africa (most sub- Saharan 
Africans are protected against P. vivax due to lacking a pro-
tein in their red blood cells (the Duffy antigen)). P. falciparum 
differs from the other species in that infected erythrocytes 
adhere to capillary epithelium, thus disappearing from the 
circulation and evading destruction by the spleen.

P. vivax and P. ovale can cause recurrent malaria attacks 
due to the formation of a dormant form existing as hypno-
zoites in the liver, which are periodically released into the 
blood. Drugs to eliminate the hypnozoites from the liver are 
limited (primaquine).

P. malariae can cause long- term problems, including 
kidney failure, and P. knowlesi is a newly emerging form 
which has caused severe disease in Asia (Papua New 
Guinea and Thailand).

Life cycle
The infected Anopheles female mosquito injects sporo-
zoites into the bloodstream of an individual. Sporozoites 
circulate for less than 30 minutes before being phagocy-
tosed or entering liver parenchymal cells. The blood and 
liver phase prior to re- entry into the circulation is called the 
pre- erythrocytic phase, and it varies in length according to 
the species. At the end of this phase, merozoites invade the 
red blood cells and begin the erythrocytic phase. Parasites 
rapidly multiply within the red blood cells, which fi nally burst, 
releasing more merozoites into the bloodstream to invade 
further red blood cells. 

Periodic bouts of fever are associated with the release 
of the merozoites. After some time, sexual forms of the 
parasites (gametocytes) are formed which are then ingested 
by a female mosquito to complete the cycle in humans. 
In the mosquito stomach, the gametocytes merge and 
eventually form sporozoites which migrate to the salivary 

BOX 6.3.A.D.2 Minimum standards for hospital 
treatment of severe malaria

 Q A triage system. 
 Q RDTs and microscopy for initial diagnosis, plus labora-

tory facilities to determine levels of parasitaemia.
 Q Antimalarial drugs for IV, IM and oral treatment.
 Q Oxygen.
 Q Antibiotics and anticonvulsants.
 Q Safe blood transfusion services. 
 Q Nasogastric feeding.
 Q Good nursing care (monitoring of vital signs and fl uid 

balance, nasogastric feeding).
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glands, where they are injected into the bloodstream by 
the mosquito as it takes a blood meal to support its own 
reproductive effort.

In two species (P. vivax and P. ovale) some hepatic- stage 
parasites remain within the liver cells with the formation of 
the dormant phase, called hypnozoites. For various reasons 
(perhaps including waning immunity), at a later date the 
dormant phases activate and reseed blood. This leads to 
manifestations of malaria not from a new infection but from 
the latent exo- erythrocytic phase. 

P. falciparum differs from the other species in that 
infected erythrocytes adhere to capillary epithelium, thus 
disappearing from the circulation and evading destruction 
by the spleen. 

P. falciparum is the most likely species to cause life- 
threatening disease, and is a major cause of mortality in 
children.

Plasmodium falciparum
Clinical features

 O Typical symptoms include high- grade fever alternating 
with cold spells, rigors, chills and sweating. There are 
usually associated myalgias and arthralgias.

 O However, features in children under 5 years of age may 
be non- specifi c, with fever, vomiting, diarrhoea and 
abdominal pain being the main symptoms.

 O In older immune individuals the only symptoms may be 
fever with headache and joint pains.

 O All fevers in children from a malaria- endemic area are 
therefore due to malaria until proven otherwise.

Diagnosis
Microscopy

 O Blood smear for malaria remains the gold standard: a 
thick fi lm for diagnosis, and a thin fi lm to confi rm the 
type of malarial parasite. Typically species- specifi c ring 
forms inside red blood cells are seen, but there may 
also be gametocytes. 

 O The level of parasitaemia is usually scored as 1–5+. If the 
malarial smear is 3+ or more, there is a high level para-
sitaemia. In areas where parasitic density is measured 
the smear is reported as parasites/mm3.

 O Malaria microscopy in district hospitals can be of very 
poor quality. A quality assurance programme should be 
in place that includes the following:

 — a properly trained and regularly updated microscopist 
 — adequate time to look at slides, particularly for low- 
level parasitaemia 

 — the correct stains and good- quality slides 
 — a binocular microscope that is properly serviced and 
maintained

 — a system of internal and preferably external cross- 
checking of a sample of slides, especially the low 
parasitaemias and negative slides.

 — If possible examination requires a reliable electricity 
supply or good lighting near a window in the day time. 
Many modern microscopes have an inbuilt LED light.

Rapid diagnostic tests 
Antigen- capture test kits use a rapid simple dipstick test from 
a fi nger- prick blood sample to give a result in 10–20 minutes. 
RDTs should be used in circumstances where microscope 
facilities and/or diagnostic expertise are limited.

There are two main forms of rapid test.

Histidine- rich protein 2 (HRP2) tests
These only detect P. falciparum. HRP2 tests have a 
sensitivity of 97–100% (i.e. there are very few false- negative 
results). These tests can lack specifi city (which may be 
as low as 59% in some studies), so there can be a high 
frequency of false- positive results, especially in a high trans-
mission zone where malaria infection is frequent (children 
can have as many as six attacks a year). HRP2 remains in 
the bloodstream for at least 2 weeks after all viable para-
sites have been killed, and often for considerably longer 
(6–8 weeks), so patients returning with fever within 4 weeks 
after treatment cannot be diagnosed using an HRP2- based 
RDT. However, a presumptive diagnosis that fever equals 
malaria has an even lower specifi city. 

HRP2 tests are very heat stable, but are sensitive to 
humidity. They have a shelf- life of 2 years, and their use 
can be taught to healthcare workers, even at village level, 
in a few hours. They are especially suitable for use in sub- 
Saharan Africa, where other species of malaria are rare. 

Parasite lactate dehydrogenase (pLDH) tests
The parasite lactate dehydrogenase (pLDH) antigen is 
produced by all four Plasmodium species. The pLDH- 
based tests detect the antigen using a panel of monoclonal 
antibodies. They can have high sensitivity for P. falciparum, 
and are more specifi c than HRP2. They return to negative 
in 3–14 days (the majority do so within 7 days). 

Some pLDH tests are able to differentiate between 
P. falciparum and other Plasmodium species, and between 
viable and non- viable parasites, thereby enabling their use 
for monitoring therapy and for detecting new infections 
within 2 weeks of successful treatment.

The tests currently on the market are available in two 
forms. The fi rst has a pan- pLDH antibody that can detect 
any species of malaria. When positive, it produces a single 
test line. The second produces two test lines, a pan- specifi c 
line and a line that detects P. falciparum. In theory, there 
are monoclonal antibodies that can individually detect 
all of the different species, but these have not yet been 
validated. 

pLDH tests are not as heat stable as HRP2 tests. 
Although pLDH has a high sensitivity for P. falciparum, 
its sensitivity for P. vivax appears to be less satisfactory if 
the patient has a low parasitaemia. pLDH tests are more 
expensive than HRP2 tests, and are not therefore recom-
mended in sub- Saharan Africa, where 97% of infections 
are due to P. falciparum.

Advantages of RDTs over microscopy
 O The result is available within 15–20 minutes and one 

person can set up a new test every 1 or 2 minutes. In 
contrast, there are more steps involved in microscopy 
(i.e. slide preparation, drying, staining, and drying stained 
slides), and a negative slide requires 6 minutes of reading 
time (a microscopy report can be delayed up to an hour 
from collecting the blood).

 O Training takes 2 hours with minimally educated workers.
 O Many more tests can be done in one clinic or outreach 

session.

A quality control/quality assurance system for RDTs should 
be in place at the level of importation where the Compliance 
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with last Malarial Treatment (CMT) is based, and at project 
level after transportation, to ensure that tests remain in good 
condition (lot testing). Monitoring of the conditions to which 
the tests are subjected during transportation may account 
for problems with their function at project level. 

Field teams need to monitor the performance of 
healthcare staff regularly to ensure that tests are per-
formed properly.

Other diagnostic tests that should be 
available in malaria programmes

 O Haemacue to determine haemoglobin levels.
 O Tests to deliver safe transfusion: two instant HIV tests, 

syphilis, hepatitis B and hepatitis C screen.
 O Tests for G6PD defi ciency if primaquine is to be used 

for radical treatment to eliminate hypnozoites and/or 
gametocytes of P. falciparum.

 O Polymerase chain reaction (PCR) tests. These can be 
used to detect very low levels of parasitaemia. Work 
is progressing to develop a bedside PCR detection 
machine. PCRs are very important in elimination sce-
narios to detect very low parasitaemias, and in drug 
effi cacy studies. 

Case defi nitions of malaria
Suspected malaria: a patient with a fever or history of 
fever in the last 48 hours who lives in or has come from a 
malaria- endemic area. 

Uncomplicated (simple malaria): a patient with a fever 
or history of fever in the last 48 hours who has a positive 
biological test and no symptoms of severe disease.

Complicated malaria: a patient with the signs and 
symptoms of simple malaria who is unable to take oral 
drugs. 

Non- severe malaria may be associated with a vari-
ety of other symptoms, including cough, vomiting, 
diarrhoea, abdominal pain, myalgia, headache, sweat-
ing and rigors.

Severe malaria 
A patient with one or more of the following signs or symp-
toms, with biologically confi rmed P. falciparum infection 
(and occasionally P. vivax) and parasitaemia:

 O prostration (inability to sit, or to drink or breastfeed)
 O impaired consciousness (cerebral malaria)
 O respiratory distress
 O multiple convulsions
 O circulatory collapse
 O severe anaemia (haemoglobin concentration < 5 grams/

dL or haematocrit of < 15%) may be the presenting 
symptom, especially in children and pregnant women, 
and can rapidly lead to death. 

Other conditions that may be associated with 
severe malaria
Hyperparasitaemia may be associated with severe malaria, 
but is not pathognomonic of severe disease in itself. It has 
been associated with a higher risk of mortality and needs 
to be rigorously treated, preferably in the fi rst instance with 
parenteral medications. If there are no other signs of sever-
ity, the patient may not need hospital admission.

Hypoglycaemia often causes unconsciousness or 
death if not detected and treated rigorously. It is especially 

dangerous in children, malnourished patients and pregnant 
women, and is exacerbated by quinine treatment.

Pulmonary oedema is a grave and often fatal complica-
tion of malaria. It can occur spontaneously (particularly 
during pregnancy), but it is often a result of fl uid overload 
during treatment.

Metabolic (lactic) acidosis: see section on severe 
malaria below.

Abnormal bleeding is associated with thrombocyto-
paenia, and leads to bleeding of gums and epistaxis, and 
sometimes more severe internal bleeding.

Jaundice is more common in adults than in children. 
Mild jaundice only refl ects haemolysis, whereas very high 
bilirubin levels suggest hepatic dysfunction.

Haemoglobinuria is common, but its more extreme 
form, blackwater fever, is rare. It is associated with quinine 
therapy.

Oliguria/anuria can be a sign of renal dysfunction, but 
make sure that the patient is adequately rehydrated before 
commencing therapy for renal failure. Fluid balance charts 
should be instituted and monitored closely for all patients 
with severe malaria.

Uncomplicated/simple malaria
There is a fever and a positive blood smear. There is no 
evidence of altered consciousness, hypoglycaemia, severe 
anaemia, jaundice or respiratory diffi culties.

Management
Management of children who have always lived in an 
endemic area

 O There is no need to admit the child to hospital (unless 
they are under 4 months of age or less than 5 kg in 
weight, or pregnant). 

 O A diagnostic test should be done before treatment 
(microscopy if available and quality assured, or an RDT). 
This will confi rm malaria and also ensure that patients 
who do not have malaria receive appropriate treatment. 
Note that malaria is frequently accompanied by 
other serious infections, such as pneumonia. Signs 
of bacterial or viral infections should be looked for and 
treated appropriately even if the malaria diagnostic test 
is positive.

 O Give fi rst- line antimalarial treatment (ACTs) as recom-
mended in local national guidelines.

 O Ensure that tablets or syrup are swallowed and not 
vomited. 

 O Give the fi rst dose under direct observation and advise 
the carer on how to administer the drug to young chil-
dren by dissolving tablets in breast milk or syrup and 
giving this slowly with a syringe.

 O If the child vomits within the fi rst 30 minutes, repeat 
the full dose. If they vomit after 1 hour give a half dose. 
Advise the carer to return if further doses are vomited. 
Remember to advise the carer to give the dose with food 
if artemether/lumefantrine is used, to improve absorption 
of the lipophilic lumefantrine.

 O Encourage oral fl uid intake and continued feeding with 
light nutritious foods plus catch- up meals when the child 
recovers. Measures to lower the body temperature may 
be necessary (tepid sponging and paracetamol).

 O Test for iron defi ciency, and if the patient is pale and 
anaemic (based on palmar and conjunctival examina-
tion and/or haemoglobin test), give haematinics (iron 
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and folic acid, but if sulfadoxine- pyrimethamine has 
been used for malaria treatment, do not give folic acid 
for 2 weeks).

Management of children visiting or returning from an 
endemic area for the fi rst time
Hospital admission for management of P. falciparum is 
always advisable.

Treat with an ACT
The WHO recommends the use of fi xed- dose combina-
tions (FDCs) if available, or pre- packaged drugs if FDCs are 
not available. The WHO discourages the use of mono-
therapies, to reduce the risk of resistance developing. 
In particular, the use of artesunate monotherapy, which 
is commonly available on the private market, is strongly 
discouraged.

ACTs recommended by the WHO
 O Artesunate/amodiaquine (AS/AQ FDC).
 O Artesunate + mefl oquine (AS+MQ or AS/MQ FDC).
 O Artesunate + sulphadoxine/pyrimethamine (AS + SP).
 O Artemether + lumefantrine (AM/LM FDC).
 O DHA/piperaquine (Duo- Cotecxin, Eurartesim) FDC.
 O Artesunate/pyronaridine (Pyramax) FDC.

Non- ACTS
 O Malarone (atovaquone/proguanil) FDC: this is very 

expensive and usually only used where there is arte-
misinin resistance, or for prophylaxis in western travellers.

 O Quinine tablets in IV, IM and rectal forms: for true treat-
ment failures.

 O Chloroquine: only for non- P. falciparum malaria. 
 O Primaquine and its derivatives (tafenoquine): for radical 

treatment of P. vivax (and P. falciparum in elimination 
areas).

Paediatric formulations
 O AS/AQ infant dose is dispersible, and suitable for chil-

dren who weigh 4.5–8 kg.
 O Paediatric Coartem® (AM/LM) is dispersible and avail-

able as cherry- fl avoured tablets for children who weigh 
5–25 kg. 

 O Artequin (Mepha) FDC AS/MQ is available as mango- 
fl avoured pellets/granules that can be swallowed directly 
without water. It is not WHO prequalifi ed. 

 O AS/MG FDC produced in Brazil for Drugs for Neglected 
Diseases (DNDi).

Drugs frequently available but not WHO prequalifi ed 
 O ASMQ Artequin (also in paediatric granules).
 O Artemisinin/piperaquine (Artequick).
 O Artemisinin and naphthoquine.

Drugs in development 
 O Artemisone (partner drug not yet decided).
 O Synthetic AS called OZ (Sanofi  Aventis).
 O Semi- synthetic artemisinin (One World Health). 

Advice for carers
Discuss preventive efforts with carers (e.g. bed net at night, 
ideally impregnated with insecticide). Give LLIN if possible.

Tell the mother to return after 2 days if fever persists, 
and earlier if the child deteriorates.

If the child is repeatedly vomiting and the area is remote 
and admission to hospital diffi cult, give rectal artesunate 
until the vomiting settles. Then give a full 3- day course 
of ACT.

Management of severe malaria
Severe malaria is a complex multi- system disease that 
constitutes a medical emergency. 

Mortality approaches 100% without treatment, and 
death often occurs within the first few hours. Prompt 
initiation of antimalarial treatment in peripheral healthcare 
facilities and comprehensive management in hospital are 
necessary to prevent deaths.

Neurological sequelae of cerebral malaria affect about 
10% of African children who survive cerebral malaria. These 
sequelae are severe and permanent in up to 19 000 children 
annually, and include spastic paresis and epilepsy. 

Care should be provided within 15 minutes of arrival at 
a healthcare facility. Triage systems should be in place in 
health centres and hospitals to pick up severely ill patients, 
referral should be rapid, and emergency facilities must be 
instituted in hospitals, with a high standard of medical and 
nursing care available 24 hours a day.

Any seriously ill or unconscious patient in a malaria- 
endemic area must be tested for malaria by RDT (remember 
that parasites may not be present in the peripheral blood of 
a patient with cerebral malaria). Malaria should be assumed 
in any child with severe anaemia, convulsions, hyperpyrexia 
and/or hypoglycaemia either in hospital or in a peripheral 
healthcare facility.

Even if a diagnostic test is not available, the patient 
should be given an antimalarial drug (IV, IM or rectally, 
depending on the skill of the staff in the facility) before 
transfer to the hospital. This can be repeated if transfer is 
impossible or is delayed for more than 12 hours. A note 
of what has been given should be sent with the patient as 
soon as transfer can be arranged.

If any doubt exists, it is safer to treat than not to 
treat before transfer. 

Immediate measures (in hospital)
 O Vital signs: temperature, pulse, blood pressure, and 

respiratory rate and depth.
 O State of hydration.
 O Estimate or ideally measure body weight. Estimate of 

weight by age in well- nourished children:
 — For an infant up to 1 year of age, birth weight doubles 
by 5 months and triples by 1 year.

 — For children over 1 year, use the following formula: 
weight (kg) = 2 (age in years + 4).

Be careful in HIV- endemic areas where body weights are 
often very different from those derived by this formula. 
Weigh the child if at all possible.

 O Level of consciousness (AVPU or Glasgow or Adelaide 
coma scales) (see Section 5.16.A). 

 O The depth of coma may be assessed rapidly in children 
using the coma scale for children or by observing the 
response to standard vocal or painful stimuli (rub your 
knuckles on the child’s sternum; if there is no response, 
apply fi rm pressure on the thumbnail bed with a hori-
zontal pencil).

 O RDT and malaria smear (thick and thin fi lm) for diagnosis 
and for continued monitoring of the progress of the 
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disease. Do not wait for a malaria smear result before 
initiating treatment, as it can take up to an hour. If the 
RDT is positive, commence treatment immediately. 

 O Perform lumbar puncture if the patient is unconscious 
to eliminate meningitis if there are no contraindica-
tions. Contraindications include papilloedema or 
suspicion of raised intracranial pressure (irregu-
lar breathing and pupillary responses, posturing), 
bleeding problems or respiratory diffi culty such that 
fl exing the back would compromise respiration. In 
such a situation, give IV antibiotics to treat menin-
gitis as well as malaria. 

 O Measurement of glucose (fi nger prick), haemoglobin and 
haematocrit (packed cell volume, PCV). 

 O Group and cross- match blood and search for a suit-
able donor.

Parenteral IV or IM treatment
In Africa and many other regions, sodium artesunate 
or quinine are the drugs of choice for severe malaria. In 
South- East Asia and the Amazon Basin, quinine is no 
longer always effective and should be accompanied by 
doxycycline in adults or clindamycin in children. Large trials 
in mainly Asian Adults (SEAQUMAT study) and in African 
Children (AQUAMAT study) have proved that parenteral 
artesunate reduces mortality by over 30% and should be 
used in preference to quinine.

Initially give treatment intravenously, if possible; oth-
erwise use the IM route. Change to oral therapy as soon 
as possible.

Especially in the malaria- endemic areas of Africa, the 
following initial antimalarial medicines are recommended. 
Artesunate has been shown to reduce mortality compared 
with quinine, but it is important to use whichever drug is 
available locally.

 O artesunate IV or IM
 O artemether IM (its absorption may be erratic in children 

in shock).
 O quinine (IV infusion or divided IM injection)

First- line antimalarial drugs 
Sodium artesunate IV or IM
Give 2.4 mg/kg IV (by slow injection) or IM on admission 
(time 0), followed by 2.4 mg/kg IV or IM at 12 hours and 
again at 24 hours, and then once daily for a minimum of 
3 days until the child can take oral treatment with an ACT.

OR second choice
Artemether IM
Give 3.2 mg/kg IM as loading dose, then 1.6 mg/kg IM once 
daily (every 24 hours) for a minimum of three days until oral 
treatment can be taken. Use a 1 mL tuberculin syringe to 
give the small injection volume (note: absorption may be 
erratic and therefore only use if quinine and artesunate 
are not available) and if shocked do not use this drug as 
absorption is too unreliable. 

Intravenous IV quinine (quinine dihydrochloride)
This is the second choice, to be used if sodium artesunate 
is not available. Give 20 mg/kg quinine dihydrochloride 
(maximum 1.4 grams) in 5% glucose at a concentration 
of 1 mg of quinine to 1 mL of 5% glucose over 2–4 hours 
(never more rapidly than over 2 hours). If possible use an 
in- line infu sion chamber (100–150 mL) to ensure that the 

loading dose does not go in too quickly. Alternatively, ensure 
that the IV giving bag contains only the amount needed for 
each dose. There is a major risk of cardiac side effects if it 
is infused too quickly.

Subsequently give 10 mg/kg in 10 mL/kg fl uid (5% glu-
cose) IV every 12 hours for 24 hours, or longer if the child 
remains unconscious. These latter doses must be given 
over at least 2 hours.

Never give quinine as an IV bolus. The infusion rate must 
not exceed a total of 5 mg quinine salt/kg/hour.

If safe control over the rate of infusion of IV quinine is not 
possible (e.g. there are insuffi cient or only untrained nursing 
staff available), give a loading dose intramuscularly (with 
initial doses of 10 mg/kg quinine salt IM at 0 and 4 hours 
and then 12- hourly).

For IM injections, dilute the quinine solution to allow 
better absorption and less pain.

As soon as the child is able to take medication orally, 
switch to quinine tablets 10 mg/kg every 8 hours for a total 
of 7 days, or the locally available fi rst- line ACT treatment 
for malaria. 

Side effects:
 O Common: cinchonism (tinnitus, hearing loss, nausea 

and vomiting, uneasiness, restlessness, dizziness, 
blurring of vision).

 O Uncommon: hypoglycaemia, although this is a common 
complication of severe malaria.

 O Serious cardiovascular problems (QT prolongation on 
the ECG) and neurological toxicity are rare.

 O If overdosed by mistake with quinine tablets, give 
activated charcoal orally or by nasogastric tube as a 
suspension in water (1 gram/kg).

Chloroquine IV
This drug should never be used to treat severe falciparum 
malaria but only cases of non- resistant vivax or ovale 
malaria. Give 5 mg base/kg every 6 hours for a total of 
25 mg base/kg (fi ve doses) as an infusion in 5% glucose 
(give over 2 to 4 hours).

Antimalarial treatment after IV or IM regimes 
have ended
Following parenteral administration, usually for a minimum 
of 24 hours or until the child can take oral drugs, the treat-
ment of severe malaria must be completed by giving a full 
course of one of the artemisinin- based combination thera-
pies (ACT) described below. In some parts of the world, 
oral quinine combined with clindamycin to complete 7 days 
of treatment is used

The following ACTs are recommended:
 O artemether plus lumefantrine 
 O artesunate plus amodiaquine
 O artesunate plus sulfadoxine- pyrimethamine
 O dihydroartemisinin plus piperaquine
 O artemether plus clindamycin
 O artesunate plus mefl oquine.

The choice of ACT in a particular country or region will be 
based on the level of resistance of the partner medicine in 
the combination.

In areas of multi- drug resistance (e.g. East Asia), artesu-
nate plus mefl oquine, or artemether plus lumefantrine, or 
dihydroartemisinin plus piperaquine are recommended. In 



741

Section 6.3

areas without multi- drug resistance (mainly Africa), any of 
the ACTs, including those containing amodiaquine, may still 
be effective. Every country has a national malaria policy in 
which the fi rst- line therapy is described and should be used.

If possible avoid using mefl oquine if the patient has 
presented with an impaired conscious level. 

Treatment for HIV- infected patients with 
P. falciparum malaria

 O Patients with HIV infection who develop malaria should 
receive prompt effective antimalarial treatment regimens 
as recommended above.

 O Treatment with ACT involving sulfadoxine- 
pyrimethamine should not be given to HIV- infected 
patients who are receiving co- trimoxazole (trimetho-
prim plus sulfamethoxazole) prophylaxis.

 O Treatment of HIV- infected patients who are on zidovudine 
or efavirenz should, if possible, avoid amodiaquine- 
containing ACT regimens.

Treatment of P. falciparum malaria in 
malnourished patients
Although there are many reasons why antimalarial phar-
macokinetics may differ between malnourished patients 
and those who are well nourished, there is insuffi cient 
evidence to change current mg/kg body weight dosing 
recommendations.

Always check local guidelines on drug sensitivities.
With all antimalarial drugs, change to an oral therapy 

when the child can tolerate it.

Additional treatment where needed
 O Insert a nasogastric tube to minimise the risk of aspira-

tion pneumonia if the patient’s level of consciousness 
is low. This can also be used to give food to prevent 
hypoglycaemia if the child is unconscious for a long 
period and is unable to eat. Alternatively, sucrose 
(sugar) can be placed under the tongue. 

 O Insert an IV cannula and restore the circulating volume. 
 — Fluids should be given with caution and the 
need for them assessed on an individual basis after 
ascertaining the nutritional status and degree of 
dehydration present. 

 — In general, children with metabolic acidosis who 
have not previously received parenteral fl uids are 
dehydrated and should be managed accordingly.

 O Give oxygen if SpO2 is < 94% (to keep SpO2 in the range 
94–100%) or if there is respiratory distress and no pulse 
oximeter available.

 O Treat severe anaemia with a safe blood transfusion if the 
child is showing signs of decompensation.

 O Give anticonvulsants (diazepam is preferred) if the patient 
is convulsing (see below) to prevent long- term neu-
rological damage (see Section 5.16.E). Convulsions 
associated with cerebral malaria should be distinguished 
from febrile convulsions common in children under 
4 years of age. The child usually recovers rapidly, within 
a few minutes, from a febrile convulsion. Convulsions 
in malaria are common before or after the onset of 
coma. They are signifi cantly associated with morbidity 
and sequelae. They may present in a very subtle way. 
Important signs include intermittent nystagmus, saliva-
tion, minor twitching of a single digit or a corner of the 
mouth, and an irregular breathing pattern.

Prophylactic anticonvulsants have been recommended in 
the past, but recent evidence suggests that phenobarbital 
may be harmful in this situation. 

 O Paracetamol, 15 mg/kg of body weight 4- hourly, may 
also be given orally or rectally as an antipyretic. 

 O Use tepid sponging and fanning to try to keep the rectal 
temperature below 39°C. Relatives are usually happy to 
do this when instructed.

 O High- dose IV or IM antibiotics should be given routinely 
to an unconscious or shocked patient.

 O Avoid using harmful ancillary drugs.

The patient will need intensive nursing care at least 
until they regain consciousness. They may urgently 
need glucose or a blood transfusion if hypoglycaemia 
or haemolysis is severe. 

Management of associated causes of 
mortality in severe malaria
Some children with P. falciparum malaria go on to develop 
altered consciousness, severe anaemia, acidosis, or any 
combination of these. Where transmission of P. falciparum 
is endemic, malaria is the commonest cause of coma in 
children, especially in those aged 1–5 years.

Cerebral malaria (coma, confusion and 
convulsions)
Coma develops rapidly, often within 1 or 2 days of onset 
of fever, and sometimes within hours. Convulsions are 
usual and may be repeated. Clinical features suggest a 
metabolic encephalopathy, with raised intracranial pres-
sure. Opisthotonos, decorticate or decerebrate posturing, 
hypotonia and conjugate eye movements are common. 
Oculovestibular refl exes and pupillary responses are usu-
ally intact. Papilloedema is found in a small minority of 
cases. A unique retinopathy with patchy retinal whitening 
and pallor of vessels is found. In fatal cases, brain swelling 
is commonly present at autopsy, but cerebral herniation 
is not usually found even in patients who have undergone 
lumbar puncture.

Hypoglycaemia, acidosis, hyperpyrexia and convul-
sions (sometimes undetectable without EEG) are common 
accompaniments of cerebral malaria, and require appropri-
ate management (see below).

No physical signs are diagnostic of coma due to malaria, 
and incidental parasitaemia is common in endemic areas, 
so other causes of coma, especially hypoglycaemia and 
meningitis, must always be carefully sought, and if neces-
sary treated on the basis of presumptive diagnosis.

Even with optimal treatment, the case fatality rate is 
15–30%, and about 10% of survivors have residual neuro-
logical sequelae (hemiparesis, spasticity, cerebellar ataxia) 
that may partially or completely resolve over time.

Investigations
 O Blood glucose levels (e.g. by blood glucose stick test).
 O Lumbar puncture if meningitis is suspected; contrain-

dications include papilloedema or suspicion of raised 
intracranial pressure (irregular breathing and abnormal 
pupillary responses, posturing), or respiratory diffi culty 
such that fl exing the back would compromise respira-
tion. In such a situation, give IV antibiotics to treat 
meningitis as well as malaria.
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Management
Coma
Ensure that the airway is open at all times and that the 
patient is breathing adequately. Give oxygen by face mask 
with a reservoir or nasal cannulae (to keep SpO2 in the 
range 94–98% if a pulse oximeter is available). If the child 
stops breathing, give assisted ventilation with a bag-mask 
of suitable size (500 mL or 1600 mL).

Ensure that a bag-mask is available at all times.
Nurse the patient in the recovery position to avoid 

aspiration of secretions or vomit.
Exclude other treatable causes of coma (e.g. hypogly-

caemia, bacterial meningitis).
 O Treat convulsions (see Section 5.16.A on coma and 

Section 5.16.E on convulsions).
 O Treat hypoglycaemia.

Convulsions
Convulsions are common before and after the onset of 
coma. 

 O Ensure that the airway is open, and give oxygen by face 
mask with a reservoir or nasal cannulae. 

 O If the child stops breathing, give assisted ventilation 
with a bag-mask of suitable size (500 mL or 1600 mL).

 O Examine all children with convulsions for hyperpyrexia 
and hypoglycaemia. Treat hypoglycaemia with IV or 
oral glucose if identifi ed on blood testing, but also treat 
as for hypoglycaemia if blood glucose levels cannot 
be measured and the child is drowsy, unconscious or 
fi tting (see below). 

 O Give anticonvulsant treatment with rectal diazepam or 
paraldehyde or IM paraldehyde.

 O If the patient has a fever of * 39°C (* 102.2°F), give 
paracetamol rectally (if available).

 O Treat seizures lasting for more than 5 minutes with drugs. 
Ensure that a bag-mask is available at all times 
in case of apnoea following the use of diazepam. 
Apnoea is usually short- lived and improves quickly 
with ventilation via bag and mask.

Note that seizure activity needs to be looked for care-
fully, as it may appear as just a twitching of the thumb 
or mouth.

 O Give IV diazepam:
 — Children: 300 microgram/kg of body weight as an IV 
infusion over 2 minutes or 400–500 microgram/kg of 
body weight intra- rectally. This dose can be repeated 
after 10–15 minutes if still fi tting.

 — Pregnant girls: 10 mg rectally or by slow IV injection. 
This dose can be repeated after 10–15 minutes if 
still fi tting.

 — Do not exceed 10 mg per dose.
 O Alternatively, paraldehyde 0.1 mL/kg of body weight 

may be given by deep IM injection or 0.8 mL/kg of 
body weight (maximum 20 mL) intra- rectally using a 
sterile glass syringe (a disposable plastic syringe may 
be used provided that the injection is given immediately 
after the paraldehyde is drawn up, and the syringe is 
never reused). 

Hypoglycaemia 
Hypoglycaemia is common and is due to poor intake, 
increased metabolic needs of the patient and parasites and 
impaired hepatic gluconeogenesis. It is easily overlooked 

because clinical signs may mimic those of cerebral 
malaria.

Check for hypoglycaemia in all patients who are uncon-
scious, in shock or deteriorating. Also regularly (every hour 
in the fi rst instance) check pregnant girls, children under 
5 years, and the malnourished, and all patients receiving 
quinine. 

Hypoglycaemia is defined as blood glucose levels 
< 2.5 mmol/litre (< 45 mg/dl).

Prevent hypoglycaemia with a maintenance quantity 
of 5% glucose in 0.9% Ringer- lactate or Hartmann’s solu-
tion (50 mL of 50% glucose in a 500- mL bag). If the child 
develops hypoglycaemia despite this, give maintenance as 
10% glucose in 0.9% Ringer- lactate or Hartmann’s solution 
(100 mL of 50% glucose in a 500- mL bag). Do not exceed 
maintenance fl uid requirements for the child’s weight (see 
Section 9 Appendix). If the child develops signs of fl uid 
overload, stop the infusion; repeat the 10% glucose boluses 
(5 mL/kg) if there is hypoglycaemia identifi ed by making 
regular checks of blood glucose levels.

If IV access is not possible and the child is hypoglycae-
mic, place an intra- osseous needle (see Section 8.4.B). 

Treat hypoglycaemia or suspected hypoglycaemia with 
an IV glucose infusion or bolus: 

 O Children: 1 mL/kg of 50% dextrose, diluted with four 
times the volume of infusion fl uid (usually Ringer- lactate 
or Hartmann’s solution) infused over 5 minutes or 5 mL/
kg of 10% glucose as a bolus.

 O Pregnant girls: 50 mL of 50% dextrose diluted with an 
equal volume of infusion fl uid (usually Ringer- lactate or 
Hartmann’s solution) over 15 minutes (irritating to veins). 

Re- test 15 minutes after completion of the infusion, and 
repeat the infusion if blood glucose remains low. Repeat 
until blood glucose recovers, then infuse with 5–10% 
glucose in Ringer- lactate or Hartmann’s solution (accord-
ing to hypoglycaemia risk) to prevent recurrence. Ensure 
regular feeding when oral intake can be sustained. Fluids 
used to treat hypoglycaemia must be included in daily fl uid 
requirements.

If blood glucose levels cannot be measured and hypogly-
caemia is a possibility, always give IV glucose as described 
above.

If the child is still unable to swallow after 48 hours, start 
nasogastric feeds. If a gag refl ex is present and the child is 
able to swallow, feed them as soon as this is possible. For 
young children breastfeed every 3 hours if possible, or give 
milk feeds of 15 mL/kg 3- hourly if the child can swallow. If 
they are not able to feed without risk of aspiration, give milk, 
especially breast milk, by nasogastric tube or sugar sublin-
gually (see Section 5.8.B). Continue to monitor the blood 
glucose levels, and treat accordingly (as described above) 
if these are found to be < 2.5 mmol/litre or < 45 mg/dL.

Hypoglycaemia is a major cause of death in severe 
malaria patients, especially in young children and 
pregnant girls. Remember that quinine will potentiate 
hypoglycaemia. Young children should receive regu-
lar feeding, including by nasogastric tube, if they are 
unable to take oral foods.

Severe anaemia 
This is indicated by severe palmar pallor, often with a fast 
pulse rate, diffi cult breathing, confusion or restlessness. 
Signs of heart failure such as gallop rhythm, enlarged liver 
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and, rarely, pulmonary oedema (fast breathing, fi ne basal 
crackles on auscultation) may be present (see above).

Severe haemolytic anaemia is defi ned as < 5 grams of 
haemoglobin/dL or haematocrit < 15%. 

Severe anaemia may be the presenting feature in 
malaria. Patients with severe anaemia, especially pregnant 
girls, should be tested for malaria.

Give a safe blood transfusion as soon as possible to:
 O all children or pregnant girls with a haematocrit of ) 12% 

or Hb of ) 4 g/dL
 O less severely anaemic children (haematocrit > 12–15%; 

Hb 4–5 g/dL) with any of the following: 
 — clinically detectable dehydration (as well as rehydrat-
ing orally if possible)

 — shock 
 — impaired consciousness 
 — deep and laboured breathing 
 — heart failure
 — very high levels of parasitaemia (> 10% of red blood 
cells parasitised).

Give packed cells (10–20 mL/kg body weight for chil-
dren and 500 mL for pregnant girls), if available, over three 
to four hours in preference to whole blood. Allow red blood 
cells to settle at the bottom of the bag, and stop the infusion 
when the cells have been used.

If not available, give fresh whole blood (20 mL/kg body 
weight) over 3–4 hours.

A diuretic is not usually indicated (unless pulmonary 
oedema or fl uid overload is developing), because many of 
these children have a low blood volume (hypovolaemia).

Check the respiratory rate and pulse rate every 15 min-
utes. If one of them rises, transfuse more slowly. If there 
is any evidence of fl uid overload due to the blood transfu-
sion, give IV furosemide (1–2 mg/kg body weight) up to a 
maximum total of 20 mg for children, and give 40 mg IV for 
pregnant girls.

After the transfusion, if the haemoglobin level remains 
low, repeat the transfusion.

In severely malnourished children, fl uid overload 
is a common and serious complication. Give whole 
blood (10 mL/kg body weight rather than 20 mL/kg) 
once, and only repeat the transfusion if there are no 
signs of overload.

Perform microscopy following transfusion, and repeat or 
extend antimalarial treatment if parasitaemia is increasing. 

Respiratory distress due to acidosis 
This presents with deep laboured breathing while the chest 
is clear on auscultation, sometimes accompanied by lower 
chest wall indrawing. It is caused by systemic metabolic 
acidosis (frequently lactic acidosis) and may develop in a 
fully conscious child, but more often in children with cerebral 
malaria or severe anaemia. Always exclude other causes, 
such as pneumonia or pulmonary oedema.

Metabolic acidosis in severe malaria has been attrib-
uted to the combined effects of several factors that reduce 
oxygen delivery to tissues:

 O Increased production of lactic acid by parasites (through 
direct stimulation by cytokines). 

 O Decreased clearance by the liver.
 O Marked reductions in the deformability of uninfected red 

blood cells may compromise blood fl ow through tissues.
 O Dehydration and hypovolaemia can exacerbate micro-

vascular obstruction by reducing perfusion pressure.

 O Destruction of red blood cells and anaemia further 
compromise oxygen delivery. 

 O Mean venous blood lactate concentrations have been 
found to be almost twice as high in fatal cases as in 
survivors, and to correlate with levels of tumour necrosis 
factor and interleukin 1- alpha. The lactate concentra-
tions fell rapidly in survivors but fell only slightly, or rose, in 
fatal cases. Sustained hyperlactataemia has been found 
to be the best overall prognostic indicator of outcome.

Treatment
Give oxygen to all patients (even if they are not hypoxae-
mic), and if a pulse oximeter is available keep SpO2 in the 
range 94–100%.

Correct reversible causes of acidosis, especially dehy-
dration and severe anaemia.

 O If Hb is * 5 g/dL, give 10 mL/kg of 0.9% Ringer-lactate 
or Hartmann’s solution IV as a bolus and then reassess.

 O If haemoglobin level is < 5 grams/dL, give whole blood 
(10 mL/kg) over 30 minutes, and a further 10 mL/kg over 
1–2 hours without diuretics. Check the respiratory rate 
and pulse rate every 15 minutes. If either of these shows 
any rise, transfuse more slowly to avoid precipitating 
pulmonary oedema (see Section 1.7).

 O Monitor ECG for cardiac arrhythmias if possible.
 O The use of sodium bicarbonate is controversial.

Respiratory distress due to pulmonary oedema
This is different to that due to acidosis, and there is usually 
more chest recession, hypoxaemia (cyanosis, SpO2 < 94%), 
basal lung crepitations, enlarging liver, gallop rhythm, and 
raised jugular venous pressure. It may be due to fl uid over-
load, often in the presence of severe anaemia. The most 
effective treatment is to tilt the bed of the patient head up 
so that the venous blood fl ow to the heart is reduced. If 
the bed cannot be tilted, sit the patient up, give furosemide 
1 mg/kg for children and 40 mg IV for pregnant girls, and 
proceed with a careful transfusion of packed blood cells. 
Repeat furosemide as needed.

Respiratory distress due to pulmonary aspiration or 
pneumonia
Prevent aspiration pneumonia if possible, because it 
can be fatal. Place the comatose patient in the recovery 
position and ensure that the airway is open. If it is safe to 
intubate and maintain this, do so in order to protect the 
airway if the patient is unconscious (U on the APVU scale, 
or Glasgow Coma Scale score of < 9).

 O Give oxygen if the SaO2 is < 94% or, if pulse oximetry 
is not available, if there is cyanosis, severe lower chest 
wall indrawing or a respiratory rate of * 70 breaths/
minute. Keep SpO2 94–100%. Give IM or IV antibiotics 
as described for pneumonia (see Section 5.3.A), and 
add in metronidazole 7.5 mg/kg 8 hourly (maximum 
individual dose 500 mg) until the patient can take these 
orally, for a total of 7 days.

Shock 
Most children with malaria have warm peripheries. Shock 
is unusual in malaria (algid malaria). Some patients may 
have a cold clammy skin. Some of them may be in shock 
(increased heart rate, cold extremities, weak pulse, capillary 
refi ll time longer than 3 seconds, low blood pressure (late 
sign)). These features are not usually due to malaria alone. 
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If shock is present, consider septicaemia, do a blood 
culture and start a broad- spectrum antibiotic IV (penicillin 
and gentamicin or cefotaxime or ceftriaxone) in addition to 
antimalarial drugs.

Management (see Section 5.5) includes fl uid replace-
ment as follows: 

 O Children: Give Ringer- lactate or Hartmann’s solution IV, 
10 mL/kg as a rapid bolus. Reassess, and if the patient 
is no better, or improving but still in shock, consider 
further 10 mL/kg boluses.

 O Pregnant girls: Give Ringer- lactate or Hartmann’s solu-
tion IV, 500 mL as a rapid bolus, then reassess.

If there is no improvement in capillary refi ll or tachycardia, 
repeat the infusion once or twice more, as required.

Give broad- spectrum antibiotics to treat septicaemia 
and any associated infections. 

Acute renal failure 
Acute renal failure (ARF) is defi ned as an abrupt decline in 
the renal regulation of water, electrolytes and acid–base 
balance, and continues to be an important factor contribut-
ing to the morbidity and mortality of malaria patients (see 
Section 5.6.C). Oliguria or anuria is often associated with 
jaundice, anaemia and bleeding disorders. 

Note that ARF is uncommon in children, and dehy-
dration is a more common cause of poor urine output.

 O The basic principles of management are avoidance of 
life- threatening complications, maintenance of fl uid and 
electrolyte balance, and nutritional support.

 O Urinary catheterisation can be helpful if it can be safely 
undertaken, so that urine output can be accurately 
measured. Alternatively, weigh nappies in young children. 

 O Acute renal failure is suspected when the hourly urine 
output is less than 1 mL/kg of body weight/hour). Blood 
levels of urea and creatinine are usually raised. 

 O Make sure that the patient is adequately hydrated, but 
avoid overload, which will precipitate pulmonary oedema 
if the kidneys cannot excrete excess water.

 O If urine output continues to be low despite adequate 
hydration, peripheral perfusion and normal blood pres-
sure, give furosemide 1 mg/kg and repeat as required.

 O If renal failure is established, restrict fl uid to insensible 
loss (30 mL/kg/day) plus urine output and other fl uid 
losses (e.g. vomit, diarrhoea).

 O Consider peritoneal dialysis (if available) or ideally 
haemodialysis. 

Abnormal bleeding 
 O Transfuse with fresh blood. 
 O Give vitamin K, 250–300 microgram/kg (maximum 

10 mg) IV.
 O Avoid IM injections and non- steroidal anti- infl ammatory 

drugs (NSAIDs).

Coexisting infections 
Treat any associated pneumonia, dysentery, etc.

Summary of supportive care for the 
treatment of severe malaria in hospital 

 O If the patient is unconscious, maintain a clear airway. 
Nurse them in the recovery position to avoid aspiration 
pneumonia, and turn them 2- hourly. 

 O Do not allow the child to lie in a wet bed, and provide 

special care for pressure points. Turn the patient every 
2 hours.

 O Give oxygen for patients who are in respiratory distress 
or in shock.

 O In children with no dehydration, ensure that they receive 
their daily fl uid requirements, but take care not to exceed 
the recommended limits (see Section 9 Appendix). Be 
particularly careful when fl uids are given IV.

 O Treat convulsions and hypoglycaemia.
 O If you cannot exclude meningitis, give an appropriate 

antibiotic intravenously.
 O If there is deep or laboured breathing suggestive of 

acidosis, give one bolus of 10 mL/kg IV fl uid (normal 
Ringer- lactate or Hartmann’s) to correct hypovolaemia 
and reassess. A second bolus may be required. 

 O During rehydration, examine frequently for fl uid overload 
(increased liver size is probably the best sign, as well 
as gallop rhythm, fi ne crackles at the lung bases, raised 
jugular venous pressure and eyelid oedema in infants).

 O In infants, if possible always use an in- line infusion 
chamber for IV rehydration. If this is not available and 
supervision is poor, empty the IV fl uid bag until only 
200–300 mL is remaining then if it all goes in quickly it 
will be less harmful than if the whole bag is being infused.

 O If necessary, use a nasogastric tube to rehydrate the 
patient.

 O Avoid giving drugs like corticosteroids and other anti- 
infl ammatory drugs, urea, invert glucose, low- molecular 
dextran, heparin, adrenaline (epinephrine), prostacyclin 
and cyclosporine, as they do not treat malaria and can 
be harmful.

 O Give safe blood transfusion where necessary, with care-
ful monitoring to prevent fl uid overload. Packed cells 
should be used in children and pregnant girls where 
possible. If overload is suspected, give a single dose 
of furosemide.

 O If the patient is unconscious and you cannot exclude 
meningitis or the child is in shock, administer a broad- 
spectrum antibiotic to manage septicaemia, pneumonia 
or meningitis, which are often associated with cerebral 
malaria.

Summary of monitoring
 O Check the patient regularly, at least every 3 hours. A 

doctor (if available) should see the patient at least twice 
a day. 

 O The rate of IV infusion should be checked hourly. 
 O Patients with cold extremities, hypoglycaemia on admis-

sion, respiratory distress and/or deep coma are at 
highest risk of death. It is particularly important that 
these children are kept under very close observation.

 O Monitor and report immediately any change in the 
level of consciousness, convulsions, or changes in the 
patient’s behaviour.

 O Monitor the temperature, pulse rate and respiratory rate 
(and if possible the blood pressure) every 6 hours for at 
least the fi rst 48 hours.

 O Fluid balance charts: unconscious patients may be cath-
eterised in order to measure urine output and facilitate 
correct fl uid balance, and to detect possible renal failure.

 O Frequent measurement of blood glucose levels (every 
hour, especially when receiving quinine and/or where the 
level of consciousness does not improve).

 O If the patient is conscious, regularly (4- hourly) determine 
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blood glucose levels to exclude hypoglycaemia if the 
patient is not eating well. This is especially important 
in young children and pregnant women, and in those 
patients who are receiving quinine therapy.

 O Check haemoglobin levels and haematocrit daily.
 O Check plasma urea and electrolytes where possible, and 

take blood gas and lactate measurements (if available).
 O Check the rate of IV infusion regularly. If available, use a 

giving chamber with a volume of 100–150 mL. Be very 
careful about over- infusion of fl uids from a 500- mL or 
1- litre bottle or bag, especially if the child is not super-
vised all the time. Partially empty the IV bottle or bag. If 
the risk of over- infusion cannot be ruled out, rehydration 
using a nasogastric tube may be safer.

 O Keep a careful record of fl uid intake (including IV) and 
urine output (should be at least 1 mL/kg/hour).

 O Undertake a daily slide to determine the level of parasi-
taemia and to monitor treatment effi cacy.

 O Regular haemoglobin measurement. The frequency will 
depend on the rate of red blood cell breakdown. This 
may be very rapid in cases of high parasite density. 

On discharge from hospital
When the child or pregnant girl is due to leave hospital, talk 
with the relatives and carers to ensure that:

 O the patient sleeps under a net (LLIN); if not, provide one
 O the patient completes any outstanding treatment
 O the carers and relatives recognise symptoms and where 

to get treatment for simple malaria in future
 O the family knows to give extra meals to make up for the 

poor nutrition during the illness
 O the family know when to bring the patient for further 

check- ups and arrange a follow- up appointment.

Examine for any neurological sequelae and advise the 
family on how to manage these and the possible progno-
sis. Arrange a physiotherapy session if necessary. Good 
follow- up is important.

Management of non- severe anaemia 
If anaemia associated with malaria is not severe (defi ned as 
a haemoglobin level of 6–9.3 grams/dL), treat as follows. 
Give iron once daily in combination with folic acid (one tablet 
contains ferrous sulphate 200 mg, equivalent to 60 mg of 
elemental iron) plus 250 micrograms/kg/day of folic acid. 
Give 3–6 mg/kg (maximum 200 mg) of elemental iron in 
2–3 divided doses and for folic acid give 250 microgram/kg 
once daily (usually one 5 mg tablet). Stress the importance 
of keeping the tablets out of reach of young children. Iron 
poisoning is very dangerous.

If the child is taking sulfadoxine- pyrimethamine for 
malaria, or co- trimoxazole for HIV prophylaxis, do not give 
folic acid until 2 weeks later (it interferes with antimalarial 
action).

An alternative for a young child is iron syrup (ferrous 
fumarate) 140 mg in 5 mL and equivalent to 45 mg of iron. 
Give once daily (see Table 6.3.A.d.1).

Plus separate folic acid 250 micrograms/kg/day.
Treat for 3 months where possible (1 month to correct 

anaemia and 1–3 months to build iron stores).

Patients with HIV infection
Patients with HIV infection who develop malaria should 
receive prompt effective antimalarial treatment regimens 
as recommended above.

However, treatment with an ACT involving sulfadoxine- 
pyrimethamine should not be given to HIV- infected patients 
receiving co- trimoxazole (trimethoprim plus sulfamethoxa-
zole) prophylaxis.

Treatment in HIV- infected patients on zidovudine (AZT) or 
efavirenz should, if possible, avoid amodiaquine- containing 
ACT regimens. Amodiaquine can cause anaemia in G6PD 
defi ciency, and AZT may also cause anaemia.

Infection with P. vivax, P. ovale and 
P. malariae
Of the four species of Plasmodium that affect humans, only 
P. vivax and P. ovale form hypnozoites, parasite stages in 
the liver, which can result in multiple relapses of infection 
weeks to months after the primary infection. Thus a single 
infection causes repeated bouts of illness. Ideally, the 
objective of treating malaria caused by P. vivax and P. ovale 
is to cure (radical cure) both the blood stage and the liver 
stage infections, and thereby prevent recrudescence and 
relapse, respectively. However, primaquine which is used to 
produce a radical cure is contraindicated in children under 
4 years of age. 

Diagnosis
 O Microscopy using a Giemsa- stained quality- assured 

thin fi lm. 
 O pLDH tests can detect all species of malaria. Combination 

tests are now available that combine HRP2 and pLDH to 
detect both P. falciparum and non- P. falciparum malaria.

Treatment
Both P. ovale and P. malariae are regarded as very sensitive 
to chloroquine, although there is a single recent report of 
chloroquine resistance in P. malariae.

P. vivax is generally still sensitive to chloroquine, 
although resistance is prevalent and increasing in some 
areas (notably Indonesia, Peru and Oceania). Resistance 
to pyrimethamine has increased rapidly in some areas, 
and sulfadoxine/pyrimethamine is consequently ineffec-
tive. There are insuffi cient data on current susceptibility 
to proguanil and chlorproguanil, although resistance to 
proguanil was selected rapidly when it was fi rst used in 
P. vivax- endemic areas.

In general, P. vivax is sensitive to all of the other anti-
malarial drugs, and slightly less sensitive to mefl oquine 
(although mefl oquine is still effective). In contrast to P. 
falciparum, asexual stages of P. vivax are susceptible 
to primaquine. Thus chloroquine plus primaquine can 
be considered as a combination treatment. The only 
drugs with significant activity against the hypnozoites 
are the 8- aminoquinolines (bulaquine, primaquine and 
tafenoquine).

TABLE 6.3.A.D.1 Dose of ferrous fumarate 140 mg/5 mL in children

Weight Dose

3–6 kg 1 mL

6–10 kg 1.25 mL

10–15 kg 2.0 mL 

15–20 kg 2.5 mL 

20–30 kg 4 mL
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Treatment of uncomplicated P. vivax
For chloroquine- sensitive P. vivax malaria (i.e. in most places 
where P. vivax is prevalent), oral chloroquine at a total dose 
of 25 mg base/kg body weight for a course of treatment 
is effective and well tolerated. Lower total doses are not 
recommended, as these might encourage the emergence 
of resistance. Chloroquine is given in an initial dose of 
10 mg base/kg body weight followed by either 5 mg/kg 
body weight at 6 hours, 24 hours and 48 hours or, more 
commonly, by 10 mg/kg body weight on the second day 
and 5 mg/kg body weight on the third day. 

Recent studies have also demonstrated the effi-
cacy of the recommended ACTs in the treatment of 
P. vivax malaria. The exception to this is artesunate plus 
sulfadoxine- pyrimethamine.

For treatment of chloroquine- resistant P. vivax malaria, 
amodiaquine, mefl oquine and quinine are effective. ACTs 
based on either amodiaquine, mefl oquine or piperaquine, 
rather than monotherapy, are the recommended treatment 
of choice.

For the complete (radical) removal of P. vivax infection, 
primaquine is required, but is contraindicated in children 
under 4 years of age and in pregnant women and girls. 

Treatment of uncomplicated malaria caused 
by P. ovale and P. malariae
Treat with chloroquine as described for P. vivax above.

Prevention of malaria
Most important is the prevention of mosquito bites. All 
children, all pregnant girls and all patients who have 
had a recent bout of malaria should be provided with an 
insecticide- impregnated bed net.

Drugs for prophylaxis depend on the region and sensitiv-
ity of the malarial parasite.

This is important for:
 O children with sickle- cell disease: chloroquine 5 mg/kg 

weekly
 O children or adults who return to an endemic area after 

an absence of over 1 year, even if they are originally 
from that region

 O non- immune individuals: people from non- endemic 
areas.

Intermittent preventive treatment for 
malaria in infants (ITPi) and children 
(ITPc, now called seasonal malaria 
chemoprevention, SMC)
IPTi 

 O Malaria cases can be reduced by 30% in infants during 
the fi rst 12 months of life using this safe, affordable and 
simple tool. It can be implemented via existing vaccina-
tion programmes run by the WHO.

 O For infants, a treatment dose of sulfadoxine/pyrimeth-
amine (SP) should be given three times at the time of 
each immunisation, beginning at 2 months (DTP2), 
3 months (DTP3) and 9 months (measles and yellow 
fever). Each tablet of SP contains 500 mg sulfadoxine 
and 25 mg pyrimethamine, and for infants the following 
sizes for each dose are: a quarter tablet for children 
weighing less than 5 kg, and a half tablet for children 
weighing 5–10 kg. 

SMC 
 O For children living in areas where transmission is highly 

seasonal (e.g. in Mali, Senegal, Niger and northern 
Nigeria), aged 1–6 years, a single dose of one tablet 
of SP plus three doses of one tablet/day for 3 days of 
amodiaquine (200 mg) is given once a month during the 
malaria transmission season. 

 O Tablets are crushed and suspended in water and given 
by spoon. Side effects are very rare. Minor gastrointes-
tinal side effects may occur.

 O For areas in which there is resistance to SP, piperaquine 
may be used instead of SP.

ITPi and SMC are recommended in addition to treated bed 
nets in areas of moderate to high levels of malaria transmis-
sion and low to moderate levels of parasite resistance to SP. 

Preventive treatment for malaria in pregnant 
girls and women (see Section 2.8.D)
Follow- up care for anaemia

 O If moderate or severe anaemia has been documented, 
give home treatment with a daily dose of iron/folate 
tablet or iron syrup for 3 months where possible (it takes 
2–4 weeks to correct the anaemia and 1–3 months to 
build up iron stores).

 O However, if the child is taking sulfadoxine- pyrimetha-
mine for malaria, do not give iron tablets that contain 
folate until a follow- up visit in 2 weeks. The folate 
may interfere with the action of this antimalarial drug.

 O If the child is over 1 year and has not had mebendazole/
albendazole in the previous 6 months, give one dose 
of mebendazole (500 mg) for possible hookworm or 
whipworm infestation (see Section 6.3.C.a). Advise the 
mother about good feeding practices.

 O Omit iron in any child with severe malnutrition in the 
acute phase.

 O A study in Malawi showed that many children who were 
so anaemic as to require a blood transfusion died within 
6 months of discharge from hospital. Prophylactic anti-
malarial drugs (coArtem) at 1 month and 2 months post 
discharge prevented many readmissions and deaths.

Follow- up care after malaria has been 
treated

 O Ask the mother to return if the fever returns or persists 
after 2 days of treatment, or if the child’s condition gets 
worse in any way. 

 O If this happens, reassess the child to exclude the pos-
sibility of other causes of fever.

 O Check whether the child actually took the full course of 
treatment, and repeat a blood smear. If the treatment 
was not taken, repeat it. If it was taken but the blood 
smear is still positive (remember that an RDT can remain 
positive for up to 6 weeks after the initial infection), and 
the child is not seriously ill, re- treat with fi rst- line drugs.

 O If the child returns within 2 weeks, give a full course of 
oral quinine. 

 O If the child is severely ill, refer them to a hospital for 
inpatient treatment.
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6.3.B Other protozoal infections

Introduction
The organisms collectively termed protozoa are not closely 
related to each other. They do have some similarities when 
viewed under a microscope, as they are largely unicellular 
and motile, although with exceptions.

Toxoplasmosis
Toxoplasmosis is caused by infection with a common para-
site called Toxoplasma gondii. T. gondii can be found in:

 O undercooked or raw meat
 O cured meat 
 O unpasteurised goats' milk
 O cat faeces.

It cannot be passed from person to person apart from 
mother to unborn child.

During acute toxoplasmosis, symptoms are often 
infl uenza- like (swollen lymph nodes, or muscle aches and 
pains that last for a month or more).

Swollen lymph nodes are commonly found in the neck 
or under the chin, followed by the axillae and the inguinal 
region. Swelling may occur at different times after the 
initial infection, persist, and/or recur for various times inde-
pendently of antiparasitic treatment. It is usually found at 
single sites in adults, but in children multiple sites may be 
more common. Enlarged lymph nodes will resolve within 
1–2 months in 60% of patients. However, 25% of patients 
take 2–4 months to return to normal, and a few take longer 
than this. 

Young children and immunocompromised patients, 
such as those with HIV/AIDS, may develop severe toxo-
plasmosis. This can cause encephalitis or necrotising 
retinochoroiditis. 

Infants can develop a congenital infection acquired in 
utero. The key features are fever, rash, petechiae, lymphad-
enopathy, hepatosplenomegaly, jaundice, hydrocephalus or 
microcephaly, microphthalmia, epilepsy and chorioretinitis.

Management
Congenital toxoplasmosis in newborns and immunocom-
promised children with HIV infection can be treated for a 
year with pyrimethamine (with additional folinic acid) plus 
sulfadiazine. This treatment requires expert management. 

Amoebiasis
Infection by Entamoeba histolytica is acquired from human 
hosts via contaminated food, water or direct contact. Most 
infected children are asymptomatic, but some have sys-
temic illness. This can last for many weeks. The disease 
presents with acute diarrhoea with colicky abdominal pains. 
A small proportion have bloody diarrhoea with a fever, and 
rarely intestinal perforation with peritonitis or haemorrhage 
may occur.

The diagnosis can be confirmed by observing the 
amoebae in a fresh stool or following a biopsy of the ulcers 
at sigmoidoscopy.

Amoebic liver abscesses occur in less than 1% of 
infected individuals. They present with fever, abdominal 

pain, and a tender liver sometimes with a palpable mass. 
The liver abscess often occurs without gastrointestinal 
symptoms and with negative stools. The diagnosis can be 
confi rmed by ultrasound scan or CT scan (if available).

Treatment is required for those with systemic illnesses, 
those with diarrhoea due to invasive ulceration and those 
with liver abscesses.

 O Metronidazole is the drug of choice and is well absorbed 
orally: 7.5 mg/kg three times daily for 5–10 days (maxi-
mum daily dose 400 mg).

 O If the abscess is very large and particularly if there is 
concern that it may rupture, it may require aspiration 
under careful ultrasound support.

 O After the acute treatment of a liver abscess, diloxanide 
should be used immediately following the course of 
metronidazole in order to remove all amoebae from 
the bowel.

 O The dose of diloxanide is:
 — 1 month to 12 years of age: 6.6 mg/kg three times 
daily for 10 days

 — > 12 years of age: 500 mg three times daily for 
10 days.

Cryptosporidiosis
Cryptosporidium parvum can be acquired from infected 
human or animal hosts and from contaminated water and 
food.

It causes an acute gastroenteritis, which is self- limiting 
in most children. The enteritis is associated with watery 
diarrhoea, nausea and colicky abdominal pains. It lasts 
for approximately 2 weeks. In otherwise healthy children it 
does not usually require treatment with antimicrobial drugs 
unless it persists or is associated with systemic illness, in 
which case azithromycin may be effective.

In children with AIDS it can produce a protracted and 
severe illness involving major weight loss, in which case 
it can be treated with azithromycin. Avoid azithromycin in 
patients with liver disease.

The dose of azithromycin is:
 O 6 months to 12 years of age: 10 mg/kg once daily for 

3 days or longer in AIDS.

Giardiasis
Infection by Giardia lamblia can be acquired from infected 
human or animal hosts and from contaminated water and 
food. The organisms live in the duodenum.

The infection may be asymptomatic or it can produce an 
acute gastroenteritis with watery stools, colicky abdominal 
pains and nausea. It can also produce a chronic diarrhoeal 
illness with malabsorption and colicky abdominal pain last-
ing for many months.

Diagnosis is best made from examining a fresh stool. 
Sometimes more than one examination will be necessary.

 O Metronidazole (at the doses described for amoebiasis 
above) is appropriate in the chronic form of the infec-
tion. The acute form usually resolves without treatment.
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6.3.C Helminth infections

6.3.C.a Worms

BOX 6.3.C.A.1 Minimum standards 
 Q Faecal microscopy and egg count.
 Q Anoscopy.
 Q Eosinophil count and chest X- ray if available.
 Q Mebendazole, albendazole and ivermectin.
 Q Topical thiabendazole.

Introduction
In low-resource countries, children presenting to medical 
facilities may harbour intestinal helminthiasis (worms) or their 
juvenile forms (larvae) in other organs. Often this situation 
may exist without the presence of any signs or symptoms. 
In such situations ill health or the risk of serious complica-
tions is directly related to the number of parasites in a child; 
although children bearing heavy loads of parasites are in a 
minority. These patients will often present for other reasons, 
without their heavy worm infections being recognised.

Parasitology of worms
There are three important groups of helminth infections: 
1 Cestodes: Beef tapeworm (Taenia saginata) and pig 

tapeworm (Taenia solium).
2 Nematodes: Roundworms (Ascaris species), hook-

worms (Ancylostoma duodenale), whipworms (Trichurius 
species) and threadworms (Enterobius species).

 O Ascaris lumbricoides is the commonest human 
roundworm. Adult worms are whitish pink, several 
millimetres (mm) wide and up to 30 centimetres (cm) 
long, which may live for years in the small intestine. 
They are often seen in stool or vomit. Transmission 
is by ingestion of embryonated eggs from soil. Adult 
worms shed their eggs in faeces. The ill effects of 
ascariasis are largely indirect and rare (e.g. a worm 
in the common bile duct). The probability of this 
obstruction increases with worm load.

 O Hookworms are of two species, Necator americanus 
(the New World hookworm) and Ancylostoma duode-
nale. Both adult forms are hair- like, about 1 cm long, 
with cutting plates at the mouth end. Ancylostoma 
is generally the more virulent pathogen. Both spe-
cies occur widely, with overlap, and the differences 
between them can be ignored by clinicians without 
a special interest in this subject. They have invasive 
larvae, and both skin penetration and ingestion of 
embyonated eggs are involved in transmission. 
Sustained blood loss in the small intestine leads to 
an accumulating risk of anaemia. In chil dren, protein- 
losing enteropathy and systemic secondary effects of 
chronic infl ammation are equally important.

 O Trichuristrichiura commonly known as the whipworm 
can be up to 4 cm long with thickness of a hair 
except at the tail end which is wider. Transmission 
is similar to Ascaris but maturation occurs only in 

the gut without tissue invasion beyond the mucosa. 
Its ill effects are related to worm load and may lead 
to a form of colitis with systemic secondary effects 
of chronic infl ammation. This intensity of infection 
occurs only in a small minority of children.

 O Enterobius vermicularis is an intestinal helminth 
which is spread in the form of embryonated eggs 
by personal contact among children. It is largely 
harmless but can cause secondary infection in the 
vaginal introitus.

 O Strongyloides stercoralis is capable of indepen dent 
existence in the soil. It is an opportunistic parasite 
of several mammals, including humans. Person- 
to- person spread occurs with probability related 
to intimacy of contact. Although it is acquired in 
childhood, its most devastating (often fatal) effects 
occur only when fi lariform larvae become dissemi-
nated through asexual reproduc tion in the host. This 
happens if host immunity breaks down, for example 
with severe malnutrition or malignancy in later life. 
Surprisingly, dissemi nated strongyloidiasis is not 
associated with HIV infection, although it is associ-
ated with another retrovirus, HTLV1.

3 Trematodes or fl ukes, which include blood fl ukes (e.g. 
schistosomiasis) (see Section 6.3.C.c) and biliary tract, 
lung and gut fl ukes.

Diagnosis
The main clues to heavy parasitosis are in growth, nutrition 
and in the case of hookworm, anaemia. Gastrointestinal 
symptoms also occur. Often a presumptive diagnosis is 
based on manifestations suggestive of worm infections. 
An increasing number of studies on the effects of helminth 
infections on cognitive function and general physical fi tness 
have added to the case for community control of these 
infections as an important public health measure. 

Investigations
Investigation for adult worms in the intestine
Except for Enterobius, this depends on the examination of 
stool. Full laboratory details are beyond the scope of this 
manual, but for Ascaris, hookworm and Trichuris, exami-
nation by the Kato (modifi ed Kato or Kato- Katz) method 
is recommended. This requires only microscope slides, a 
standard hole in a fl at spatula with which a 50 mg stool 
sample is squashed on to the slide, cellophane, glycerol 
and a stain such as malachite green. A microscopic count 
of eggs per gram of stool gives an indication of the intensity 
of infection. 

Enterobius (thread worm) eggs are only occasionally 
seen in stool because they adhere to perianal skin where 
the female worm has deposited them. They can be picked 
up on sticky tape and transferred to a glass slide. Specifi c 
diag nosis of Enterobius is not really necessary in any case, 
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as it is reasonable to treat the patient and family when it 
is suspected, without proving the presence of the worm 
(see below).

The most effective way to establish that Trichuris infec-
tion is intense is to see the worms on prolapsed rectal 
mucosa or to perform anoscopy. An otoscope with a wide- 
aperture speculum can be used for anoscopy in young 
children. The worms are usually confi ned to the caecum, 
so if they have reached the lower rectal mucosa the infec-
tion must be intense.

Strongyloides is a rare cause of illness in young children, 
although it becomes more signifi cant in adolescence in 
some regions. Microscopy has a low sensitivity, and the 
stool requires culture by special techniques. Serology 
is not widely available and also lacks specificity (see 
Section 6.3.C.h).

Investigation for migrating larvae
Eosinophilia is characteristic of this stage with 20–50% of 
the leucocytes being eosinophils in some cases. By con-
trast, eosinophilia is not a constant feature of established 
infection with adult worms and so is a useless diagnostic 
marker for intestinal infection. 

The chest X- ray may show a fl aring shadow spreading 
out from the hila. 

Serology is diagnostically useful in visceral larva migrans 
(Toxocara infection), but is only undertaken in spe cial cen-
tres or research laboratories.

Diagnosis of cutaneous larva migrans (dog hookworm 

infection picked up from skin–ground contact) is purely 
clinical. The key is to think of it when looking at a patch of 
itchy pyoderma; the red line has often disappeared under 
the scratching.

It is not clear how much of the total burden of cough, 
wheezing and dyspnoea in a child population in an endemic 
zone is due to the pulmonary migration of helminth larvae. 
Factors that make the symptoms more severe are migration 
of children naive to Ascaris or hookworm infection into the 
endemic area, and zoonotic larvae (Toxocara) which can-
not complete their migration but die in their human hosts.

Treatment
The broad- spectrum antihelmintics, mebendazole and 
albendazole, are drugs which combine great effi cacy with 
an almost complete absence of side effects in ordinary 
use. They are the drugs of choice for ascariasis, hookworm 
infection, trichuriasis and enterobiaisis. Albendazole is as 
effective as thiabendazole for visceral larva migrans, and 
with fewer side effects. However, visceral larva migrans is a 
self- limiting condition where symptoms and signs resolve in 
3 months. Thiabendazole is still useful for cutaneous larva 
migrans in a topical preparation (10% in aqueous cream; the 
pharmacist may be able to make this on site, see Regimens 
below). Ivermectin is recommended for strongyloidiasis, but 
albendazole remains useful and is preferable to thiabenda-
zole because it is less toxic.

Mebendazole
This is most commonly available as 100 mg tablets, but is 
also produced as a 20 mg/5 mL liquid and a 500 mg tablet. 
The tablets are chewable and reasonably palatable. The 
500 mg tablet is useful for mass campaigns against Trichuris 
or hookworm. It is not approved for use in children under 
2 years of age, but clinical judgement should be used in a 
symptomatic child. It is considered unsafe in pregnancy 
or lactation.

Threadworms and pinworms
Oral dose:

 O Children from 6 months up to 10 kg body weight: Give 
50 mg as a single dose; if reinfection occurs a second 
dose may be needed after 2 weeks.

 O Children over 1 year of age or more than 10 kg body 
weight: Give 100 mg as a single dose; if reinfection 
occurs a second dose may be needed after 2 weeks.

TABLE 6.3.C.A.1 Diagnosis of helminth infections due to the pres-
ence of adult worms

Symptom or sign Likely species of adult 
worm in the viscera

Short stature, not growing Trichuris or hookworm

Mild or moderate muscle 
wasting

Trichuris or hookworm

Anaemia, microcytic 
hypochromic

Hookworm or severe 
trichuriasis; not Ascaris

Hypoproteinaemia, possible 
oedema

Hookworm or severe 
trichuriasis or disseminated

strongyloidiasis: not Ascaris
Pica, especially eating soil 
(geophagia)

Any or all helminths

Colicky abdominal pain Ascaris: common but a weak 
correlation

Intestinal obstruction Ascaris: a quite common 
surgical emergency

Jaundice and/or pancreatitis Ascaris: uncommon

Laryngeal obstruction Ascaris: rare

Vomiting up worms Ascaris: common

Chronic diarrhoea Trichuris or severe hookworm 
or strongyloidiasis

Defecating during sleep Trichuris
Blood and mucus in stool Trichuris
Rectal prolapse Trichuris
Finger clubbing Intense trichuriasis or 

hookworm; not Ascaris
Perianal itching Enterobius
Vulvovaginitis Enterobius

TABLE 6.3.C.A.2 Illness due to larvae rather than adult worms

Symptom or sign Likely species of larvae in the 
viscera

Cough and wheeze Toxocara canis or T. cati (dog or 
cat roundworm)

Also Ascaris and hookworm

Hepatomegaly Toxocara

Lymphadenopathy Toxocara

Leucocytosis with extreme 
eosinophilia

Toxocara

Epilepsy or encephalopathy Toxocara (rare)

Uveitis or proliferative 
retinitis

Toxocara (younger children 
escape in endemic areas: naive 
strangers are more susceptible)
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Whipworms, roundworms and hookworms
Oral dose:

 O Children from 6 months up to 10 kg body weight: Give 
50 mg twice daily for 3 days.

 O Children over 1 year of age or more than 10 kg body 
weight: Give 100 mg twice daily for 3 days.

Capillariasis
Oral dose:

 O Children over 2 years of age: Give 200 mg twice daily 
for 20 days.

Echinococcus (mebendazole is second- line therapy, 
albendazole is preferred)
Oral dose:

 O Child over 2 years of age: Give 15 mg/kg/dose three 
times daily.

Toxocariasis: visceral larva migrans (mebendazole is 
second- line therapy, albendazole is preferred)
Oral dose:

 O Children over 2 years of age: Give 100–200 mg twice 
daily for 5 days, although doses of up to 1 gram/day 
have been used for 21 days. Severe disease may war-
rant corticosteroid use.

Trichinosis (gastrointestinal phase of illness only)
Oral dose:

 O Children over 2 years of age: 5 mg/kg (maximum 200 mg) 
twice daily with food for 7 days; severe infection may 
require concomitant corticosteroid use; late- phase 
antihelmintic therapy is not indicated.

Albendazole
This drug is closely related to mebendazole, with similar 
pharmokinetics. It has superior effi cacy to mebendazole 
in systemically invasive conditions, and is more effective 
against migrating larvae. It is available as 200 mg tablets 
or 200 mg/5 mL liquid. Cautions are as for mebendazole, 
noting its greater systemic absorption.

Hookworms, roundworms, pinworms and threadworms 
(ancylostomiasis, necatoriasis, ascariasis and 
enterobiasis)
Oral dose:

 O Children aged 12 months to 2 years: Give 200 mg as 
a single dose.

 O Children over 2 years or 10 kg: Give 400 mg as a sin-
gle dose before food. Treatment may be repeated in 
3 weeks.

Echinococcus
Oral dose:

 O 7.5 mg/kg twice daily (maximum dose 400 mg twice 
daily). Given continuously for up to 2 years. 

Tapeworm (taeniasis) and strongyloidiasis
Oral dose:

 O Children under 10 kg: Give 200 mg daily before food 
for 3 days.

 O Children over 10 kg: Give 400 mg daily before food for 
3 days. Treatment may be repeated in 3 weeks.

Neurocysticercosis
Oral dose:

 O Children under 60 kg: Give 7.5 mg/kg (maximum dose 
400 mg) twice daily after food for 7–30 days.

Whipworm (trichuriasis)
Oral dose:

 O Children over 2 years of age: Give 200–400 mg as a 
single dose, or in heavier infections, 400 mg daily for 
3 days. Treatment may be repeated in 3 weeks.

Filariasis for community eradication programmes in 
combination with diethylcarbamazine or ivermectin
Oral dose:

 O Children under 10 kg: Give 200 mg once annually for 
5 years.

 O Children over 10 kg: Give 400 mg annually for 5 years.

Hairworm (trichostrongyliasis)
Oral dose:

 O Child over 10 kg: Give 400 mg as a single dose.

Cutaneous larva migrans
Oral dose:

 O Children over 10 kg: Give 400 mg as a single dose, or 
400 mg daily for 3 days.

Visceral larva migrans (toxocariasis)
Oral dose:

 O Child of all ages: Give 10 mg/kg daily (maximum 400 mg 
daily) for 5 days.

Trichinosis
Oral dose:

 O Children over 10 kg: Give 400 mg daily for 8–14 days.

For topical treatment of cutaneous larva migrans, thiaben-
dazole tablets can be crushed and mixed with aqueous 
cream or 1% hydrocortisone cream or ointment to a con-
centration of 10% thiabendazole. 

In places or situations where only the older 
drugs are available
Details and dosages are not given here. The manufacturers’ 
recommendations may be followed, but these drugs are 
inferior to mebendazole and albendazole, and should be 
replaced if possible.

 O Piperazine is effective against Ascaris and Enterobius. 
It has no action on Trichuris or hookworm, and is toxic 
in children prone to epileptic seizures.

 O Levamisole is effective against Ascaris and is fairly use-
ful effective in hookworm infection (especially Necator 
americanus); to be used in mass control programmes.

 O Thiabendazole has limited effectiveness in trichuriasis 
and is useful in strongyloidiasis, toxocariasis and cuta-
neous larva migrans.

 O Pyrantel is effective against Ascaris and Enterobius, 
with some action against Necator americanus and less 
against Ancylostoma duodenale. Only if combined with 
oxantel does the preparation affect Trichuris.

Further reading
WHO’s programme ‘Action against worms’ http://evidence

action.org/deworming/
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6.3.C.b Hydatid disease

BOX 6.3.C.B.1 Minimum standards 
 Q Ultrasound/radiology.
 Q Albendazole.
 Q Percutaneous aspiration, injection with hypertonic 

saline and re- aspiration (PAIR).
 Q Surgical excision.

Introduction
The adult stage of the tapeworm Echinococcus granulosus 
lives in the gut of dogs and certain other carnivores. The 
usual intermediate hosts are herbivores. Humans may 
become an accidental intermediate host for the cystic 
stage of the parasite following ingestion of eggs in 
dog faeces contaminating the fi ngers, food or water. 
Because of the slow rate of growth of hydatid cysts, symp-
toms from infection in childhood often present in adulthood. 
Many cysts remain asymptomatic, eventually calcify and 
become sterile. 

Epidemiology
The disease is widespread in sheep- farming countries and 
wherever there is intimate contact between humans and 
dogs or other canids, and where dogs scavenge dead 
animals or offal. There is a high incidence in the Turkana 
region of Kenya.

Clinical features
 O Cysts may occur in virtually any organ.
 O Many cysts are asymptomatic but may be palpable if 

they are large or superfi cial.
 O Abdomen:

 — Palpable mass: liver (60% of all cysts), spleen, other 
intra- abdominal cysts.

 — Communication with the biliary tract: cholangitis, 
rigors, jaundice.

 — Abdominal pain.
 — Rupture from trauma.

 O Chest:
 — Lungs (25% of cysts).
 — Pleuritic pain and cough. 
 — Often asymptomatic, detected on chest X- ray.

 O Other areas:
 — Brain: space- occupying lesions (3–5% in some 
countries).

 — Bone cysts: pathological fractures, respond poorly 
to chemotherapy.

 — Cyst rupture may cause anaphylaxis and/or spread 
by ‘seeding’ of daughter scolices (heads of immature 
worms).

Diagnosis
 O Ultrasound is effective in detecting liver and abdomi-

nal cysts. The presence of a separated membrane 
or daughter cysts makes the diagnosis highly likely. 
The condition needs to be differentiated from simple 
hepatic cysts.

 O Plain X- ray for lung or bone cysts. CT or MRI (if available) 
is also useful (e.g. for brain cysts).

 O Eosinophilia is present in around 20% of cases. This 
may be due to cyst leakage or rupture.

 O Serology: specific IgG ELISA AgB (antigen- B- rich 
fraction) (if available) is most sensitive. Serology lacks 
sensitivity for extra- hepatic cysts (note that false- positive 
results are obtained in cysticercosis).

 O A urine antigen detection test appears promising.

Treatment
Calcifi ed cysts require no treatment.

Medical treatment
 O Albendazole is useful for patients with inoperable, wide-

spread or numerous cysts, and for patients unfi t for 
surgery.

 O Continuous treatment is now recommended (for up to 
2 years). Its duration depends on the lesion’s response. 
The dose is 7.5 mg/kg orally twice daily. The maximum 
dose is 400 mg twice daily.

 O The absorption of albendazole is enhanced if it is taken 
with fatty meals. 

 O Albendazole plus praziquantel has greater proto-
scolicidal activity. The combination is successful for 
inoperable spinal, pelvic, abdominal, thoracic or hepatic 
hydatid, and as an adjunct to surgery.

 O Antihelmintics may reduce the need for surgery in 
uncomplicated pulmonary cysts.

 O Patients undergoing surgery or PAIR should receive 
pre- operative albendazole (for 1–3 months) with or 
without praziquantel.

Percutaneous aspiration under ultrasound 
control
Puncture, aspiration, injection, re- aspiration (PAIR):

 O The patient should be on albendazole for at least 
4 weeks prior to PAIR.

 O Following initial aspiration of the cyst, hypertonic saline is 
injected into the cyst and re- aspirated after 20 minutes. 

 O Percutaneous aspiration combined with an 8- week 
course of albendazole is more effective than either 
treatment alone. 

 O Laparoscopic treatment of liver and spleen hydatid is 
also effective. 

 O Contraindications to PAIR include cysts in the CNS or 
heart, and cysts communicating with the biliary tree, 
abdominal cavity, urinary tract or bronchi. 

Surgery
Surgical removal is standard treatment if the lesion is acces-
sible but is unsuitable for PAIR. The procedure is as follows:

 O The patient should be on albendazole for at least 
4 weeks prior to surgery.

 O Pack around the cyst and avoid spillage of the cyst 
contents (there is a risk of anaphylaxis and seeding).

 O Drain the cyst, replace fl uid with hypertonic saline, drain 
again, and then remove the cyst capsule.
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 O High rates of recurrence and of surgical complications 
are recorded in inexpert hands.

 O It is important to avoid hypertonic saline entering the bile 
ducts, as this may cause sclerosing cholangitis.

Prevention
 O Ensure disposal of infected herbivore carcasses and 

offal.
 O Treat dogs with praziquantel. 
 O Maintain strict hygiene, and protect food and water from 

contamination.

6.3.C.c Schistosomiasis

BOX 6.3.C.C.1 Minimum standards
 Q Public health measures to improve water and sanitation.
 Q Urine and faecal microscopy
 Q Praziquantel.

Introduction
Schistosomiasis occurs in areas of the world where there 
is a combination of warm fresh water containing specifi c 
snails, and urinary and/or faecal excretion of Schistosoma 
eggs by humans.

Parasite and life cycle
Eggs are passed from humans in stool or urine into 
freshwater containing snails, Bulinus (S. haematobium), 
Biomphalaria (S. mansoni) and Oncomelania (S. japoni-
cum). Miracidia hatch from the eggs, penetrate the snail, 
and replicate into cercariae (larval forms) which are then 
released into the water.

The cercaria penetrates the skin (or pharyngeal mucosa) 
of humans, loses its tail and becomes a schistosomula, 
which is then transported to the lung capillaries. It reaches 
the left side of the heart and is distributed throughout the 
body. Those that reach the portal system develop into 
mature worms about 1 cm in length in the liver.

Adult males and females copulate and migrate in pairs 
to their preferred egg- laying sites, S. haematobium to the 
vesical veins and pelvic plexus, and S. mansoni to the 
superior and inferior mesenteric veins.

Female flukes produce eggs daily throughout their 
average 3-  to 4- year lifespan. Most eggs pass through the 
vessel wall, and about 50% reach the lumen of the urinary 
tract or intestine and are excreted. Those that remain in 
the tissues provoke an immune reaction which causes the 
disease. Some eggs are transported to the liver and some 
reach the general circulation.

Pathogenesis
Pathogenesis can be divided into four stages.
1 Dermatitis. An itchy papular rash ‘swimmers itch’ last-

ing one to two days may develop as a result of humoral 
immune reaction to invading cercariae and schistoso-
mulae. However, it is more likely to be due to avian 
schistosoma (non- pathogenic to man). Older children 
and adults develop a degree of resistance to this stage 
of invasion.

2 Katayama fever (2–8 weeks). A humoral reaction to 
adult worms and eggs results in an acute illness associ-
ated with formation of immune complexes. Symptoms 
include fever, rigors, malaise, diarrhoea, cough, hepatos-
plenomegaly and marked eosinophilia. It is a self- limiting 
disease.

3 Established disease (usually after 2 months). A T- cell 
delayed- hypersensitivity response to eggs deposited in 
tissue results in granuloma formation. If the worm load 
is reduced by drug therapy at this stage, granulomata 
may resolve, leaving little disease.

4 Fibrotic complications. Repeated infections without 
treatment eventually result in fi brosis, for example of 
the ureter and bladder (S. haematobium) and liver 
(S. mansoni). There is little response to drug therapy at 
this stage.

TABLE 6.3.C.C.1 Schistosomiasis: geographical areas (the com-
monest species and areas are shown in bold type)

Schistosoma 
species

Disease Area

S. haematobium Urinary tract Africa, Middle East

S. mansoni Intestines, liver Africa, Middle East, 
South America

S. intercalatum Intestines, liver Central and West 
Africa, uncommon

S. japonicum Intestines, liver China, Indonesia, 
Philippines

S. mekongi Intestines, liver Laos, Kampuchea, 
small number of foci

Epidemiology
 O Schistosomiasis affects at least 240 million people 

worldwide, and more than 700 million people live in 
endemic areas. 

 O Schistosomiasis is associated with communities living 
near swamps, rivers, irrigation canals and rice fi elds, 
who have poor hygiene and sanitary facilities and lack 
a ready supply of clean water.

 O Infection is highest in children (5–14 years) who are an 
important reservoir of infection because of their indis-
criminate excretion habits near and in water. 

 O Infections decrease after puberty, but adults are still at 
risk when farming or washing clot hes.
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Clinical features

TABLE 6.3.C.C.2 Symptoms and complications of S. haematobium and S. mansoni

Initial stage S. haematobium S. mansoni Comments

Swimmers’ 
itch

Terminal

haematuria

Bloody diarrhoea

Anaemia

S. japonicum is similar to 
S. mansoni

Katayama 
fever

Obstructive uropathy

Calcifi cation of bladder and lower ureters

Bladder calculi

Hepatic fi brosis

Portal hypertension

Ascites

Colonic polyposis

Nephropathy

Hepatic fi brosis is most often seen 
with S. mansoni
Katayama fever is more severe with 
S. japonicum

S. haematobium
This causes urinary schistosomiasis. 

 O Terminal haematuria, there may be dysuria.
 O In a minority of children, frequent untreated infections 

eventually lead to structural disorder of the bladder and 
lower ureter, resulting in obstructive uropathy, hyperten-
sion and chronic renal failure.

 O Obstruction can be demonstrated by ultrasonography 
and intravenous pyelogram. Adequate treatment in the 
early stages may be followed by resolution of ureteric 
lesions.

S. mansoni
This causes intestinal schistosomiasis along with other spe-
cies, namely S. intercalatum, S. japonicum and S. mekongi.

 O Bloody diarrhoea. In long- standing cases there is severe 
iron- defi cient anaemia, and even heart failure (due to 
anaemia).

 O Protein- losing enteropathy with hypoalbuminaemia may 
result from colonic granulomatous disease and polyps.

 O The left lobe of the liver is enlarged more than the right 
lobe. Ascites may occur. Liver function is usually well 
preserved.

 O Marked splenomegaly due to portal hypertension is 
associated with pancytopenia.

 O Haematemesis from oesophageal varices is the fi nal 
event which infl uences the prognosis.

 O Ultrasonography is useful for grading the degree of 
peri- portal fi brosis and in differential diagnosis from 
other liver diseases.

 O Acute and long- term management of oesophageal 
varices requires endoscopy and decisions regarding 
sclerotherapy (see Section 5.7.B on liver disease).

 O Nephropathy due to immune complex disease may 
manifest with microscopic haematuria and proteinuria 
or nephrotic syndrome. Nephrotic syndrome has a poor 
prognosis, especially if associated with amyloid disease 
(see Section 5.6.A).

Salmonella infection
Schistosoma worms may harbour Salmonella species, 
including S. typhi, which cannot be eradicated until the 
schistosomiasis is treated. This phenomenon occurs in both 
S. haematobium and S. mansoni infections. Salmonella 
may cause a reversible nephritis in S. mansoni infection.

Complications common to S. haematobium 
and S. mansoni

 O Spinal cord myelopathy ( less common with 
S. haematobium).

 O Brain granulomata (more common with S. japonicum, 
less common with S. haematobium).

 O Pulmonary hypertension ( less common with 
S. haematobium).

 O Chronic Salmonella infection.

Diagnosis
Microscopy of urine or faeces
S. haematobium
A midday specimen is best. Urine should be sedimented 
or fi ltered. Viability of the eggs (and thus requirement for 
treatment) can be established by looking for miracidia, 
which hatch when eggs are put in boiled water that has 
been cooled.

S. mansoni
If stool smear is negative on microscopy, a concentration 
method must be undertaken. Miracidial hatching tech-
niques are also available.

Rectal biopsy
Rectal biopsy to demonstrate the presence of eggs is 
undertaken if urine and faeces are negative.

Serology
Serology is of little value for diagnosis in indigenous patients, 
but may be useful in the non- immune (e.g. tourists to an 
endemic area). Antigen tests are being developed.

Treatment
Praziquantel is effective against all human Schistosoma 
species, and is the only available drug treatment. Treatment 
at least three times in childhood usually prevents adult 
disease. 

Praziquantel is given at a dose of 40 mg/kg in two 
divided doses given 4–6 hours apart on one day. It can 
also be given as a single dose of 40 mg/kg. For heavy 
S. mansoni infection and for S. japonicum infection, 60 mg/
kg is advised, given in two doses 4–6 hours apart. Repeat 
urine or stool examination should be done at 3–4 months. 

Praziquantel is safe during pregnancy. The safety of 
praziquantel in children under 4 years of age has not been 
established, but this drug can be used to treat individually 
infected children. 
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Side effects include dizziness, drowsiness, skin reac-
tions, fever, headache and vomiting. 

Prevention
Control of schistosomiasis is very diffi cult. Measures include 

regular mass treatment of communities and improvement 
in water supply, sanitation and hygiene. Mollusciciding (use 
of chemicals to kill the snails) is usually impractical and too 
expensive for general use.

6.3.C.d Fascioliasis (liver fl uke infections)

BOX 6.3.C.D.1 Minimum standards 
 Q Vector control.
 Q Triclabendazole (preferred) or Bithional.

Introduction
This disease is caused by Fasciola hepatica and Fasciola 
gigantica, and occurs in sheep-  and cattle- rearing areas 
worldwide, especially South America. 

Freshwater snails act as the intermediate amplifying 
hosts, liberating free- swimming cercariae which encyst as 
metacercariae on water plants. Humans are infected follow-
ing ingestion of metacercarial cysts on raw aquatic plants 
(e.g. watercress) or from contaminated water. Following 
ingestion, the larvae emerge in the duodenum, penetrate 
the intestinal wall, migrate via the peritoneal cavity to the 
liver, penetrate the liver capsule, and after 3–4 months 
mature into adults in the bile ducts. 

Clinical features
Infections may be asymptomatic. Acute presentations 
occur 6–12 weeks after infection. Fluke migration may be 
associated with fever, malaise, abdominal pain, weight 
loss, urticaria, cough and wheeze. In chronic presentations, 
symptoms may be minimal or may be due to recurrent 
cholangitis, intermittent biliary obstruction or anaemia. 

Ectopic fl ukes may cause granuloma or abscess for-
mation in various organs, and also present as migrating 
skin nodules. 

Investigations
 O Eosinophilia is common. 
 O Liver ultrasound is often normal. 
 O CT of the liver (if available) may reveal hypodense lesions.
 O Serology may be helpful in established F. hepatica 

infections, but is less reliable for F. gigantica. Fasciola 
excretory–secretory (FES) antigen detection in faeces is 
available for F. hepatica.

 O In established infections, eggs may be found in faeces. 

Treatment
Triclabendazole is the drug of choice for F. hepatica 
and F. gigantica infections. One dose of 10 mg/kg taken 
with food is usually effective, but should be repeated 
after 12 hours in severe infections. Expulsion of dead or 
damaged fl ukes may cause biliary colic 3–7 days after 
treatment; the colic responds well to antispasmodics. 
Triclabendazole resistance has been reported in Ireland, 
the UK and Australia. 

Bithional, 30–50 mg/kg/day in three divided doses on 
alternate days for 10–15 days was the preferred treatment 
previously. Side effects include mild gastrointestinal upset 
and pruritus.

Nitazoxanide may be effective.
Praziquantel is unreliable in the treatment of 

fascioliasis.

Prevention and control
 O Avoid potentially contaminated watercress and other 

aquatic plants. 
 O Treat herbivores.
 O Undertake snail control.

6.3.C.e Dracunculiasis (guinea- worm disease)

BOX 6.3.C.E.1 Minimum standards 
 Q Early identifi cation of blister and worm emergence.
 Q Removal of worm and prevention of secondary infection.
 Q Filtering of water.
 Q Temephos to kill Cyclops species.

Introduction 
Guinea- worm disease is transmitted exclusively by drinking 
stagnant water contaminated with tiny water fl eas (Cyclops 
species) that carry infective guinea- worm larvae. Once 
ingested, the larvae mature into worms, growing up to 
1 metre in length. Humans are the only known reservoirs 
for the disease.

About 1 year after infection, a very painful blister forms, 
90% of the time on the lower leg, and one or more worms 
emerge accompanied by a burning sensation. To soothe 
the burning pain, patients often immerse the infected area 
in water. The worm then releases thousands of larvae into 
the water, contaminating the water and bringing the infec-
tive cycle full circle.

Epidemiology
The main source of infection is stagnant water sources such 
as ponds and sometimes shallow or step wells. ‘Man- made’ 
ponds are the main source of transmission. 

Only four African countries (Chad, Ethiopia, Mali and 
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South Sudan) are known to be affected, with the majority 
of cases in South Sudan.

Guinea- worm disease is seasonal, occurring with two 
broad patterns found in endemic areas of Africa, depend-
ing on climatic factors. In the Sahelian zone, transmission 
generally occurs in the rainy season (from May to August). 
In the humid savanna and forest zone, the peak occurs in 
the dry season (from September to January).

A successful eradication programme for guinea- worm 
disease consists of several preventive strategies, such as 
ensuring wider access to safe drinking- water supplies, fi ltra-
tion of drinking water (with cloth fi lters) to prevent infection, 
intense surveillance and control to detect every case within 
24 hours of the emergence of the worm(s), treatment of 
ponds with the larvicide temephos that kills the water fl eas, 
and promoting health education and behaviour change.

Early case detection (when the patient feels the initial 
pain) is vital in order to contain the disease. There are 
thousands of village volunteers in the remaining endemic 
countries who are trained to fi nd new cases, take care of 
them and report them to the area supervisor.

Clinical effects
Once a new case is identifi ed, the wound must be dis-
infected and bandaged to help to prevent secondary 
infection. The worm should be gently pulled out a few 
inches every day until all of it has been removed. Many 

patients are unable to leave their beds for a month after 
the emergence of the worm. 

Guinea- worm disease is not fatal, but infected people 
cannot work or attend school for months. Since the peak 
transmission period often coincides with the agricultural 
season, fields are left untended and food production 
declines. In Mali, guinea- worm disease is called ‘the disease 
of the empty granary’. As adults lie sick, older children 
must take on the household chores and miss months of 
schooling. Younger children may miss vital vaccinations.

Prevention
 O Effective surveillance to detect all cases within 24 hours 

of worm emergence. 
 O Ensure access to safe drinking water, and convert 

unsafe sources to safe ones.
 O Construction of copings around well heads or installation 

of boreholes with hand pumps.
 O There must be regular and systematic fi ltering of 

drinking water derived from ponds and shallow 
unprotected wells, or from surface water. Fine- 
meshed cloth or, better still, a fi lter made from a 0.15- mm 
nylon mesh, is all that is needed to fi lter out the Cyclops 
species from the drinking water.

 O Treatment of unsafe water sources with temephos to kill 
the Cyclops species.

 O Health education and social mobilisation to encourage 
affected communities to adopt healthy behaviour with 
regard to use of drinking water. 

6.3.C.f Filariasis

BOX 6.3.C.F.1 Minimum standards
 Q Treatment of endemic communities.
 Q Control of mosquitoes (the vector).
 Q Diethylcarbamazine citrate (DEC), albendazole, doxycy-

cline and ivermectin. 

Introduction
This painful and profoundly disfi guring disease is usually 
acquired in childhood.

The disease is caused by three species of thread- like 
nematode worms, known as fi lariae, namely Wuchereria 
bancrofti, Brugia malayi and Brugia timori. Around 90% of 
infections are caused by Wuchereria bancrofti and most of 
the remainder by Brugia malayi. About 120 million people 
are affected worldwide (of whom 60% live in South- East 
Asia and 30% live in Africa).

Life cycle of fi lariae
Filariae are transmitted by mosquitoes. When a mosquito 
with infective- stage larvae takes a blood meal, the parasites 
are deposited through the person’s skin, from which they 
enter the body. These larvae then migrate to the lymphatic 
vessels and develop into adult worms over a period of 
6–12 months, causing damage to and dilatation of the 
lymphatic vessels. The adult fi lariae live for several years 
in the human host. During this time they produce millions 
of immature microfi lariae that circulate in the peripheral 

blood and are ingested by mosquitoes that bite the infected 
human. The larval forms further develop inside the mosquito 
before becoming infectious to humans. Thus a cycle of 
transmission is established.

Threadlike adult worms of Wuchereria bancrofti live in 
the lymphatics (groin, scrotum, arm). Male worms are about 
3–4 cm in length, and female worms 8–10 cm. The male 
and female worms together form ‘nests’ in the lymphatic 
system. Females release thousands of microfi lariae into 
the peripheral blood periodically every day, synchronising 
with the biting habits of the predominant local mosquito 
vector. Nocturnal periodicity is commonest, except in some 
Polynesian islands where microfi lariae are more numerous 
by day. 

Brugia malayi has two main forms: the nocturnal peri-
odic form in swampy areas from India to Korea and Japan, 
and the nocturnal sub- periodic form in the damp forests of 
South- East Asia. The parasites of B. malayi are transmitted 
by various species of the genus Mansonia, and in some 
areas anopheline mosquitoes are responsible for transmit-
ting infection. Brugian parasites are confi ned to areas of 
East and South Asia, notably India, Indonesia, Malaysia 
and the Philippines.

An estimated 120 million people in tropical and sub-
tropical areas are infected, of whom almost 25 million men 
have genital disease (most commonly hydrocoele) and 
almost 15 million, mostly women, have lymphoedema or 
elephantiasis of the leg.
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Diagnosis
Eosinophilia is common in the acute stages. Examination of 
thick smears of 20–60 microlitres of blood from a fi nger tip 
or fi ltration of 1 mL of intravenous blood and examination of 
the fi ltrate can reveal the microfi lariae provided that the con-
centration is high (> 100 microfi lariae/mL). Concentration 
techniques can improve sensitivity (e.g. Nuclepore fi ltration). 

Samples should be appropriately timed (usually between 
22.00 and 02.00 hours for W. bancrofti). 

A variety of more sensitive diagnostic techniques are 
now available, including complement fi xation tests for cir-
culating W. bancrofti antigen (e.g. an ELISA ‘TropBio- test’) 
and a rapid fi nger- prick immunochromatographic card test 
(Amrad ICT, Binax). The rapid ICT has a high sensitivity and 
specifi city and is currently the preferred diagnostic test for 
W. bancrofti. It is also used for monitoring the success of 
mass drug programmes. The test requires 100 microlitres 
of fi nger- prick blood drawn at any time, day or night.

Clinical features
The majority of infected people are asymptomatic, but 
virtually all have subclinical lymphatic damage, and up to 
40% have kidney damage, with proteinuria and haematuria.

Infl ammatory episodes associated with lymphatic fi la-
riasis involve: 

 O responses to the parasite itself 
 O the effects of secondary bacterial infection 
 O sometimes infl ammatory mediators associated with 

endosymbiotic bacteria (Wolbachia).

Endosymbiotic bacteria infect most species of fi larial nema-
todes that are pathogenic to humans, and contribute to 
the damage done by the fi laria. Further characterisation 
of the Wolbachia–nematode relationship might allow the 
development of new therapeutic approaches to these 
parasitic diseases.

Acute episodes of local infl ammation involving the skin, 
lymph nodes and lymphatic vessels often accompany 
chronic lymphoedema or elephantiasis (see below). Some of 
these episodes are caused by the body’s immune response 
to the parasite, but many are the result of bacterial skin 

infections, linked to the partial loss of the body’s normal 
defences as a result of underlying lymphatic damage. 
Careful cleansing is extremely helpful in healing the 
infected areas and in both slowing and even reversing 
much of the damage that has already occurred.

Acute symptoms may recur several times a year in 
three forms: 
1 Acute fi larial fever without lymphadenitis.
2 Acute fi larial lymphangitis (AFL) follows the death of an 

adult worm, causing an infl ammatory nodule or cord with 
lymphangitis spreading away from the affected node. 
This is usually mild, but may develop into an abscess.

Acute dermatolymphangioadenitis (ADLA) resembles cel-
lulitis or erysipelas, and is often associated with secondary 
bacterial infection and impaired lymphatic fl ow, ascending 
lymphangitis and limb oedema. ADLA is more common 
than AFL, and is an important cause of lymphoedema and 
elephantiasis.

Chronic lymphatic fi lariasis may develop over months 
or years even without a history of acute symptoms. 
Lymphatic obstruction eventually leads to elephantiasis, 
most commonly affecting the legs, scrotum, arms and 
breast. Recurrent secondary bacterial skin infections (often 
streptococcal) cause acute pain and fever, and may be 
complicated by acute glomerulonephritis. 

Other presentations of lymphatic fi lariasis include:
 O hydrocoele, usually unilateral 
 O swelling of the scrotum 
 O acute epididymitis 
 O funiculitis (infl ammation of the spermatic cord) 
 O monoarthritis 
 O glomerulonephritis
 O chyluria, chylous diarrhoea, chylous ascites (due to rup-

ture of dilated lymphatics). (Malabsorption of fat- soluble 
vitamins may complicate chylous diarrhoea.) 

Brugian fi lariasis is usually less severe than Bancroftian 
fi lariasis.

The most severe symptoms generally appear in adults, 
and in males more often than in females. In endemic com-
munities, around 10–50% of men suffer genital damage 

TABLE 6.3.C.F.1 Recommended treatment strategies for mass drug distribution, individual drug administration, and morbidity control 
and treatment of lymphatic fi lariasis

Mass drug administration Individual drug administration Morbidity control and treatment

Africa Rest of world

IVM + ALB for at 
least 5 years

DEC + ALB for at 
least 5 years

(a) DEC (with or without ALB) 6 mg/kg single 
dose1 

(b) DEC 12- day course of 6 mg/kg per day in 
two or three divided doses

or
(c) doxycycline 200 mg/day for 4 weeks 
followed by one dose IV or IM

Lymphoedema: hygiene, physiotherapy,

doxycycline 200 mg/day for 6 weeks

Hydrocoele: surgical hydrocoelectomy,

doxycycline 200 mg/day for 6 weeks

Tropical pulmonary eosinophilia: doxycycline 
200 mg/day for 4 weeks followed by one 
dose IV or IM 

Based on Taylor M et al. (2010) Lancet, 376, 1175–85.
1 If the patient continues to live in an endemic area, or is less than 8 years of age (contraindication of doxycycline).

ALB, Albendazole; DEC, diethylcarbamazine (omit if there is onchocerciasis co- infection or a risk of serious adverse events with Loa 
loa); IVM, ivermectin (omit if there is a risk of serious adverse events with Loa loa).

Doxycycline: the doses above are suitable for children aged * 8 years and weighing > 45 kg. Children aged * 8 years but weighing 
< 45 kg should receive 4.4 mg/kg/day. Doxycycline should not be used for children < 8 years.
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(hydrocoele and elephantiasis of the penis and scrotum). 
Elephantiasis of the entire leg or arm, the vulva and the 
breast may affect up to 10% of men and women.

In endemic areas, chronic and acute manifestations of 
fi lariasis tend to develop more often and sooner in refugees 
or newcomers than in local populations. Lymphoedema 
may develop within 6 months, and elephantiasis as soon 
as 1 year after arrival.

Tropical pulmonary eosinophilia (TPE)
A hypersensitivity response to microfi lariae in the lungs can 
develop in some patients, causing cough and wheeze, 
especially at night. There may also be an enlarged liver, 
spleen and lymph nodes. Chest X- ray may show diffuse 
miliary shadows. Untreated TPE may progress to irrevers-
ible lung fi brosis. The condition is usually associated with 
high eosinophilia and high microfi laria titres. Microfi lariae are 
usually absent from peripheral blood, but the rapid antigen 
test is usually positive. 

Treatment and control of fi lariasis 
A number of antihelmintic agents are effective, although 
care must be taken in the choice of antihelmintic depending 
on the risk of co- infection with onchocerciasis and/or Loa 
loa. Mass drug administration is an important strategy in 
community control. The treatment and control options are 
summarised in Table 6.3.C.F.1.

Treating endemic communities (see Table 6.3.C.F.1)
The goal is to eliminate microfi lariae from the blood of 
infected individuals in order to interrupt the cycle of 
transmission by mosquitoes. A single dose of diethylcar-
bamazine citrate (DEC) has the same long- term (1- year) 
effect in decreasing levels of microfi laraemia as the formerly 
recommended 12- day regimen of DEC. More importantly, 
the use of single doses of two drugs administered together 
(optimally albendazole with DEC or ivermectin) is 99% effec-
tive in removing microfi lariae from the blood for a full year 

after treatment. The following recommended drug regimens 
need to be administered once a year for at least 5 years, 
with coverage of at least 65% of the total at- risk population: 

 O 6 mg/kg of body weight diethylcarbamazine citrate (DEC) 
+ 400 mg albendazole,

or 
 O 150 micrograms/kg of body weight ivermectin + 

400 mg albendazole (in areas that are also endemic for 
onchocerciasis).

Treating individuals
Most problems result from bacterial and fungal ‘super- 
infection’ of tissues, linked to compromised lymphatic 
function caused by earlier filarial infection. Antibiotics 
against streptococcal and other bacterial infections are 
important. Surgical procedures are available to correct 
hydrocoele. 

Because secondary bacterial infections play an impor-
tant role in precipitating acute adeno- lymphangitis episodes 
and progression of lymphoedema, simple hygiene (either 
alone or in combination with antibiotic treatment) plays 
an important role in preventing episodes of acute disease 
and in the management of lymphoedema. Daily washing of 
affected limbs with soap and safe water to prevent second-
ary infection, combined with simple exercises, elevation of 
the limb, and treatment of cracks and entry points, provides 
signifi cant relief from acute episodes and slows progression 
of the disease.

Vector control
Avoidance of mosquito bites through personal protection 
measures or community- level vector control is the best 
option for preventing lymphatic fi lariasis. If possible, malaria 
and lymphatic fi lariasis vector control should be integrated. 
Periodic examination of blood for infection and initiation of 
the above treatment is essential.

6.3.C.g Onchocerciasis

BOX 6.3.C.G.1 Minimum standards
 Q Rapid diagnostic tests.
 Q Ivermectin and doxycycline.

Introduction
Onchocerciasis is caused by the fi larial worm Onchocerca 
volvulus, and is an important cause of blindness and skin 
disease in tropical Africa, Yemen and Central and South 
America. It is transmitted by the bite of blackfl ies (Simulium 
species).

Epidemiology
This infection mainly affects people living or working near 
fast- fl owing rivers (Simulium breeding sites), but may be 
more widely distributed by fl ies carried on winds.

Pathology 
Adult worms evade the host immune response and cause 
few symptoms. The main problems are the result of 

immunological reactions to dying and dead microfi lariae 
and their endosymbiotic bacteria (Wolbachia), which release 
bacterial mediators that trigger the innate immune system. 
In addition, activated eosinophils release cellular proteins 
that cause connective tissue damage.

Onchocerciasis may increase the risk of HIV- 1 sero-
conversion. Treatment of onchocerciasis is associated with 
reduced HIV- 1 viral replication. Onchodermatitis is more 
severe in HIV- positive patients.

Clinical features
The incubation period is usually 15–18 months. Infected 
patients may be asymptomatic. Palpable fi rm painless 
subcutaneous nodules (intertwined adult worms), several 
centimetres in diameter, may be most obvious over bony 
prominences.
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Skin disease
A variety of different skin manifestations are seen, usually 
with a signifi cant degree of overlap:

 O Acute papular onchodermatitis (APOD): an intensely 
itchy papular rash, sometimes with local oedema. 

 O Chronic papular onchodermatitis (CPOD): larger pruritic 
(itchy) hyperpigmented papules. 

 O Lichenifi ed onchodermatitis (LOD): discrete or confl uent 
pruritic hyperpigmented papulonodular plaques, often 
with lymphadenopathy.

Severe itching may give rise to excoriation and secondary 
bacterial infection. Healing is associated with progressive 
hyperpigmentation, blackening and thickening of the skin.

Unrelenting itching may result in chronic sleep distur-
bance, poor concentration and depression. 

Heavy infections in childhood can impair growth. After 
some years, skin atrophy and depigmentation give a 
wrinkled prematurely aged appearance (presbydermia). 
Patchy depigmentation, especially of the legs, results in a 
‘leopard- skin’ appearance. 

Inguinal or femoral lymphadenopathy may give rise to 
the so- called ‘hanging groin’ appearance. 

Eye disease
Early symptoms include itching, redness and excess lac-
rimation. Late disease leads to varying degrees of loss of 
vision, and eventually to blindness. 

Anterior eye disease
 O Punctate keratitis due to death of microfi lariae in the 

cornea may appear as a reversible ‘snow- fl ake’ opacity. 
 O Pannus forms as blood vessels invade the cornea from 

the sides and below. The pannus may cover the pupil 
(sclerosing keratitis) and cause blindness. 

 O Iritis leads to a loss of the pigment frill and to syn-
echiae that cause a deformed, often pear- shaped pupil. 
Secondary cataracts occasionally result.

Posterior eye disease
 O Chorioretinitis with pigmentary changes.
 O Optic atrophy.
 O ‘Tunnel vision’ and various other forms of visual loss may 

become evident in young adults.

Diagnosis
 O Skin snips in saline examined under the microscope 

for microfi lariae.
 O Slit- lamp examination for microfi lariae in the anterior 

chamber of the eye.
 O Rapid diagnostic tests. A new luciferase immunopre-

cipitation systems (LIPS) assay has 100% sensitivity 
and specifi city for O. volvulus using a rapid 15- minute 
format (QLIPS). 

 O Biochemical methods: Recent advances include a serum 
antibody test card using recombinant antigen to detect 
O. volvulus- specifi c IgG4 in fi nger- prick whole- blood 
specimens, a triple- antigen indirect ELISA rapid- format 
card test, and a highly sensitive and specifi c urine anti-
gen dipstick test.

 O Surgery: Subcutaneous nodules can be removed to 
demonstrate adult worms, or aspirated with a needle 
to look for microfi lariae.

 O DEC patch test: Diethylcarbamazine (DEC), although 
no longer recommended for the treatment of oncho-
cerciasis because of the risk of provoking a Mazzotti 
reaction (see below), may be used in the following 
manner in patients with repeatedly negative skin snips, 
where other diagnostic techniques are unavailable. A 
1- cm square of fi lter paper soaked in a solution of DEC 
is applied to the skin of the patient. If positive, this will 
provoke intense localised itching and infl ammation at 
the site of application. DEC patch testing of children 
aged 3–5 years is advocated as an effective low- cost 
method for monitoring the endemicity and transmission 
of onchocerciasis in Africa.

 O Warning: A DEC patch test may precipitate a full- 
blown Mazzotti reaction. This consists of microfi laria 
death resulting in an intensely itchy papular rash, may 
be accompanied by fever, limb oedema, hypotension 
and worsening of eye damage, and may be fatal. It is 
commonly associated with the use of oral DEC, and is 
rarely caused by ivermectin. 

Treatment 
Ivermectin kills microfi lariae by immobilising them so that 
they are carried away via the lymphatics.

Warning: Ivermectin may precipitate meningoencepha-
litis or renal failure in patients who have Loa loa with a high 
microfi lariaemia (> 2500 microfi lariae/mL). 

It is therefore important to exclude Loa loa if there is any 
possibility of co- infection, before giving ivermectin.

Doxycycline kills the endosymbiotic Wolbachia, result-
ing in the slow, less pathogenic death of the microfi lariae. 
The drug also blocks worm embryogenesis and has a 
significant macrofilaricidal effect. Contraindications to 
doxycycline include age less than 9 years, pregnancy and 
breastfeeding.

Treatment of individual patients
Provided that the patient does not have a high Loa loa 
microfi laraemia, and ivermectin (or doxycycline) is not oth-
erwise contraindicated, the following options are available:

 O If the patient will continue to live in an endemic area, or 
is less than 9 years old and weighs more than 15 kg, 
give ivermectin 150 micrograms/kg every 3–6 months. 

 O If interruption of worm embryogenesis and cessation 
of microfi lariae production is desired, give doxycycline 
200 mg/day for 4 weeks, or 100 mg/day for 6 weeks, 
followed by one dose of ivermectin after 4–6 months 
(children aged > 9 years). 

 O If a strong macrofi laricidal effect is desired, give doxy-
cycline 200 mg/day for 6 weeks, followed by one dose 
of ivermectin after 4–6 months.

Patients with onchocerciasis who do have a high Loa loa 
microfi laraemia may be treated with doxycycline 200 mg 
daily for 6 weeks, unless contraindicated. If they are under 
9 years of age, in which case doxycycline is contraindicated, 
Loa loa microfi laraemia must be reduced by treatment with 
albendazole prior to treatment with ivermectin.

Surgical removal of head nodules (nodulectomy) was 
advised in the past in an attempt to reduce the likelihood 
of eye disease. There is no guarantee that this will elimi-
nate the risk of eye disease, because not all nodules are 
evident, and the remaining nodules continue to produce 
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microfi lariae. Improved drug treatment has reduced the 
justifi cation for nodulectomy. 

Control
There has been rapid progress in the past 30 years, largely 
due to successful international public–private partnerships, 
sustained funding for regional programmes, and technical 
advances. 

Initial efforts in vector control using the organophos-
phate larvicide temephos proved inadequate. 

A major breakthrough came with Merck’s donation of 
ivermectin. Thereafter larviciding was abandoned in favour 
of regular mass drug treatment. 

The African Programme for Onchocerciasis Control 

(APOC) is a Community- Directed Treatment with Ivermectin 
(CDTI) programme that aims to treat over 90 million people 
annually in 19 countries, protecting an at- risk population 
of 115 million, and should prevent over 40 000 cases of 
blindness every year. High- risk foci of Loa loa are currently 
excluded from community ivermectin programmes. 

The Onchocerciasis Elimination Programme for the 
Americas (OEPA) adopts a similar approach to APOC, 
except that ivermectin is administered twice a year until 
transmission has been interrupted. By the end of 2012, 
transmission of the infection, judged by surveys following 
WHO guidelines, had been interrupted or eliminated in four 
of the six endemic countries in the WHO Americas Region. 

6.3.C.h Strongyloidiasis

BOX 6.3.C.H.1 Minimum standards
 Q Hygiene, sanitation and shoes are useful in prevention.
 Q Ivermectin is the treatment of choice.
 Q Albendazole.

Introduction
This parasite affects 50–100 million people worldwide, and 
occurs in warm, wet, tropical and subtropical regions where 
sanitation is poor. Strongyloides stercoralis is the main spe-
cies infecting humans. However, Strongyloides fülleborni, 
which is principally a parasite of primates, also occurs in 
humans in Africa and Papua New Guinea. 

Human infection is due to percutaneous penetration of 
fi lariform larvae in contaminated soil. Filariform larvae travel 
via the lungs to the small intestine, where they develop into 
adults and penetrate the duodenal and jejunal mucosa. 
Fertilised females produce eggs which hatch in the intesti-
nal mucosa and release the fi rst- stage rhabditiform larvae, 
which are excreted in faeces. In favourable conditions, the 
rhabditiform larvae transform into infectious fi lariform larvae 
within 48 hours, and remain viable in the soil for weeks.

An important feature of Strongyloides is auto- infection. 
This occurs when rhabditiform larvae transform into infec-
tious dwarf fi lariform larvae in the gut lumen and penetrate 
the mucosa or the peri- anal skin. Infection may persist 
for decades without further exposure. Person- to- person 
transmission may also occur.

Clinical features
Initial skin penetration may cause itching, urticaria and 
sometimes a snake- like (serpiginous) rash. Migration 
through the lungs may cause cough, wheeze and evidence 
of pneumonitis. Invasion of the small bowel may cause 
abdominal pain, vomiting, malabsorption and paralytic ileus. 

Chronic infection is often asymptomatic, but may 
cause intermittent abdominal pain, diarrhoea and urticaria. 
Malabsorption and a protein- losing enteropathy may occur. 
A transient, intensely itchy serpiginous rash, known as ‘larva 
currens’ or ‘creeping eruption’, may appear on the trunk, 
buttocks or elsewhere. 

Episodic pneumonitis and, more rarely, a reactive arthri-
tis may occur.

Strongyloides hyperinfection syndrome
One of the major dangers associated with Strongyloides 
infection occurs as a result of massive auto- infection. Risk 
factors include immunosuppression induced by various 
drugs, including corticosteroids, or associated with dis-
eases such as malignancies (particularly leukaemia and 
lymphoma), severe malnutrition and severe infections, 
including advanced AIDS and human T- cell leukaemia virus 
type 1 (HTLV- 1). 

Hyperinfection syndrome may present with severe 
diarrhoea, often with blood in the stool. Bowel infl amma-
tion with micro- perforations may give rise to paralytic ileus, 
peritonitis and Gram- negative septicaemia. Proliferation and 
dissemination of larvae and enteropathogens may cause 
widespread pathology, including endocarditis, pneumonitis 
and meningitis. 

All patients with a history of possible exposure to 
Strongyloides should be screened before being treated 
with any drugs that cause immunosuppression. Those at 
signifi cant risk should be treated empirically even if inves-
tigations are negative.

Investigations 
Eggs are rarely found in the stool, and larvae may be dif-
fi cult to identify. Stool culture (e.g. on charcoal or agar) is 
recommended. 

Larvae may be seen in duodenal aspirates or using the 
string capsule technique (Enterotest).

Larvae may also be found in sputum, CSF and urine in 
hyper- infection syndrome.

Serology is useful for immune- competent patients who 
are not normally resident in an endemic area. However, 
interpretation of a positive test may be a problem due to 
cross- reactions with fi larial antigens.

Eosinophilia is common in immune- competent patients, 
but may be absent in hyperinfection syndrome.

Treatment
Ivermectin is the drug of choice for children over 5 years old 
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or weighing more than 15 kg. An oral dose of 200 micro-
grams/kg/day for 2 days gives excellent results. 

Albendazole 400 mg every 12 hours for 7 days may also 
be effective, and can be used in children over 2 years of age. 

Hyperinfection syndrome can be very diffi cult to manage. 
There may be problems with administration or absorption of 
oral medication, and no IV or IM preparations of ivermectin 
or albendazole are licensed for use in humans. However, 
parenteral ivermectin, available as a veterinary preparation, 

has been administered subcutaneously in the successful 
treatment of Strongyloides hyperinfection. Patients with 
hyper- infection syndrome also require treatment for Gram- 
negative septicaemia.

Prevention and control
 O Improve hygiene and sanitation.
 O Wear shoes.
 O Avoid contact with contaminated soil.



Section 7
Major injuries in 
pregnancy and 

childhood
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7.1 Wounds and their management

BOX 7.1.1 Minimum standards
 Q Analgesia. 
 Q Sutures.
 Q Adhesive strips/tissue glues.
 Q Human anti- tetanus immunoglobulin.
 Q Tetanus toxoid (or DTP, Td).
 Q Antibiotics.

Management of major injuries using 
the APLS/ATLS system
Before wounds are treated, if there are other injuries, the 
whole patient must be assessed according to the APLS/
ATLS system (see also Section 1.11).

Primary survey and resuscitation
 O Assess:

 — Airway and cervical spine control
 — Breathing
 — Circulation and haemorrhage control
 — Disability
 — Exposure.

 O Identify and correct life- threatening abnormalities.
 O Resuscitate and stabilise vital functions.

Secondary survey and emergency 
treatments
Remember that if simple resuscitative measures do not 
stabilise the child, operative intervention may be necessary 
before a formal secondary survey is done. In the secondary 
survey, determine the full extent of all injuries to the head, 
face, neck, chest, abdomen, pelvis, spine and extremities.

Have an emergency treatment plan to give emergency 
treatments in order of priority.

Defi nitive care
The defi nitive care of major injuries, which include wounds, 
is often carried out by teams that have not been involved in 
the resuscitation and emergency treatments. Good com-
munication is essential, using:

 O legible and detailed notes
 O prompt and effi cient transfer to a unit which can provide 

the defi nitive care (this may be an inter- hospital transfer)
 O a clear handover summary.

Wounds
Defi nition
In a medico- legal context, to wound is to destroy, how-
ever superfi cially or minutely, a bodily surface, be it skin 
or mucous membrane. A contusion (bruise) is excluded.

Nature of injuries causing wounds
 O Kinetic energy (impacts): from any object of any material 

purposefully or accidentally impacting.
 O Heat: from any heated solid, liquid or gas.

 O Cold: from any cooled solid, liquid or gas.
 O Chemical: acids and alkalis predominate.
 O Electrical: can cause signifi cant internal injury.

Types of wounds
 O Abrasion: friction injury, also known as graze.
 O Laceration: blunt injury.
 O Incision: injury from a sharp object.
 O Stab: injury from a knife, scissors, screwdriver, poker, 

etc., usually penetrating in nature.
 O Needlestick.
 O Bite: human or animal (see Sections 6.2.H and 7.5).
 O Firearm: shotgun, rifl e, revolver or pistol (see Section 

7.3.H).
 O Blast (see Section 7.3.G).
 O Burn (see Section 7.3.I.a and I.b).

It is important to remember that a variety of types of 
wounds may coexist following a single incident.

Assessment of minor wounds
Assessment of each wound should include the following:

 O nature of the injury causing the wound
 O type of wound
 O wound site: size, shape, position and depth
 O relevant motor function 
 O relevant sensation 
 O circulation distal to the wound.

Associated features include the following:
 O erythema (redness)
 O oedema (swelling)
 O contusion (bruise)
 O surgical emphysema: this needs urgent special ist 

care
 O tenderness: if this extends beyond the area of the 

wound, a fracture may be present (see Section 7.2)
 O pain.

General assessment includes the following:
 O allergies
 O immunisation status
 O intercurrent illness
 O medication
 O past medical history
 O time of last meal.

General principles
 O After assessment of pain, give appropriate analgesia 

(see Section 1.15).
 O If a radiopaque foreign body may be present, arrange 

an X- ray.
 O The most important local treatment for all wounds is 

vigorous cleaning with sterile saline to remove dirt and 
possible pathogenic organisms (after analgesia).
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 O Local, regional or general anaesthesia may be needed 
to achieve optimal cleaning (see Section 1.24).

 O Superfi cial palpable foreign bodies should be removed 
as soon as possible.

 O Removal of deeper foreign bodies may need specialist 
advice.

 O Dead or damaged tissue must be excised. Specialist 
advice is needed if this involves more than a very small 
area of skin or mucous membrane.

 O If tendons or nerves have been damaged, specialised 
care is needed.

Tetanus prevention
Give tetanus prophylaxis if the patient is not immunised 
or is not fully immunised (full immunisation is 5 doses of 

tetanus toxoid: 3 for the primary immunisation in infancy, 
one before school entry and one before leaving school). 
Wounds particularly prone to tetanus are those sustained 
more than six hours prior to presentation, those of puncture 
type, those with much devitalised tissue, those that appear 
septic, those associated with a compound fracture or for-
eign body and those contaminated with soil or dung. These 
wounds may need human anti- tetanus immunoglobulin 
(HATI), 250–500 units IM, depending on the patient’s teta-
nus status and the degree of contamination or devitalisation 
of the wound.

If the child has received anti- tetanus immunisation in 
the past, a single extra dose of tetanus toxoid IM (or, if 
they are due additional immunisation boosters, the relevant 
combination) should be given.

TABLE 7.1.1 Need for tetanus immunoglobulin and/or tetanus toxoid after a wound

History of tetanus vaccination Type of wound Tetanus vaccine 
booster (see below)

Tetanus 
immunoglobulin

* 3 doses < 5 years since last dose All wounds No No

5–10 years since last dose Clean minor wounds No No

All other wounds Yes No

> 10 years since last dose All wounds Yes No

< 3 doses or uncertain Clean minor wounds Yes No

All other wounds Yes Yes

Note: if a patient has not completed the 5 tetanus doses 
when they are injured, it is likely they have also not com-
pleted other immunisation schedules. If possible give a 
combined immunisation comprising, for example, DTaP, 
DTP or DTaP – IPV for young children and Td for older chil-
dren or adults according to local immunisation schedules.

Antibiotics
There is no substitute for thorough cleaning of wounds and 
for careful debridement of any devitalised tissue. However, 
in addition to cleaning and to tetanus prophylaxis, some 
wounds will need antibiotics. These will include wounds that 
have presented late and already are infected. Do not close 
these wounds but pack with sterile gauze dampened with 
sterile normal saline and review after antibiotic treatment 
for possible delayed primary closure after excision of the 
wound edges if feasible, or secondary closure.

Oral antibiotics to choose include flu/cloxacillin 
25–50 mg/kg four times a day or co- amoxyclav 125/31 mg 
three times a day for 1–6 years or 250/62 mg three times a 
day for 6–12 years. Co- amoxyclav is effective in bite injuries. 
A fi ve day course is usually suffi cient.

Specifi c injuries
Abrasions

 O After thorough cleaning and debridement, leave abra-
sions exposed or cover them for 5 days with vaseline 
gauze.

 O If debris is left in an abrasion, epithelium will grow over 
it and ‘tattooing’ will occur. 

Lacerations and incisions
 O Only clean fresh wounds should be closed immediately, 

preferably only less than 6 hours old, certainly less than 
12 hours old.

 O Distal- based fl ap lacerations may need specialist 
care if the blood supply is poor.

 O To close superfi cial wounds, adhesive strips and tissue 
glues are excellent, but these must not be used for 
deeper wounds, in which cavities will be created and 
healing will not occur.

 O Close deeper wounds in layers without tension.
 O Close skin with interrupted sutures, ideally using mono-

fi lament material.
 O If the wound is compound (associated with a fracture), 

an antibiotic should be given to prevent osteomyelitis 
(see Section 5.17).

 O Arrange for removal of sutures at the times shown in 
Table 7.1.2.

 O Younger patients heal more quickly. Malnourished 
patients take longer to heal.

TABLE 7.1.2 Times for removal of sutures

Site Days

Face 4

Scalp and neck 5–7 

Hand (fl exor surface) 5–7 

Trunk and arms (not extensor surfaces) 5–7

Legs (not extensor surfaces) 7–10 

Hands (extensor surfaces) 7–10 

Elbows and knees 10–14

Fingertip injuries
 O Preserve maximum length.
 O If the tip is amputated distal to the bone, regeneration 

will occur if the wound is kept clean and moist under 
paraffi n gauze dressings changed weekly.
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 O Other principles of treatment are the same as for lacera-
tions and incised wounds.

Tongue lacerations
 O Most stop bleeding spontaneously and do not need 

sutures.
 O Repair under general anaesthesia if there is profuse 

bleeding or the full thickness of tongue is involved.
 O Use absorbable sutures.

Stab wounds
 O Stabbing may cause serious penetrating injuries to 

deep structures, which may lead to rapid death from 
haemorrhage or air embolus.

 O The external dimensions of a stab wound may be decep-
tively small compared with the damage to underlying 
structures.

 O Superfi cial stab wounds are treated in the same way as 
lacerations and incised wounds.

 O Patients with penetrating wounds need resuscitation 
and emergency exploration under general anaesthesia.

 O Never remove the penetrating object until the patient has 
been resuscitated and is in a secure surgical environ-
ment with cross- matched blood available.

Needlestick injuries 
 O If there is skin puncture, encourage bleeding and wash 

the wound thoroughly with plenty of soap and water. 
Dry the wound and apply a dry dressing if appropriate.

 O If there is only skin contact, wash the wound with plenty 
of soap and water but do not scrub it. Scrubbing may 
damage the skin.

 O If there is splashing into the mouth, rinse with plenty 
of water.

 O If there is splashing into the eye, rinse with plenty of 
water. Obtain the help of a colleague to do this.

 O If the identity of the donor (the person whose blood is on 
the needle) is known, try to fi nd out whether that person 
has hepatitis B and/or HIV infection.

 O Consider immunisation for hepatitis B and triple therapy 
for HIV if these are available.

Complications of wounds
Retained foreign body

 O This will cause swelling beneath the wound.
 O Secondary infection is more likely if there is a retained 

foreign body. If the foreign body is superfi cial, it must be 
removed by a competent surgeon under local anaes-
thetic. A general anaesthetic will be required if the foreign 
body is deeply placed and/or in an area with important 
structures, such as the hand or face.

Infection
 O Tetanus: this is most likely to occur if the wound has 

been contaminated with soil and/or manure and the 
child is not fully immunised (see above).

 O Bacterial. Prophylactic antibiotics such as fl u/cloxacil-
lin or co- amoxyclav should be considered in cases 
where wounds have been contaminated, but this does 
not lessen the need for thorough cleaning of such 
wounds.

 O Antibiotic doses: fl u/cloxacillin 25–50 mg/kg four times 
a day or co- amoxyclav 125/31 mg three times a day 
for 1–6 years or 250/62 mg three times a day for 
6–12 years. Co- amoxyclav is effective in bite injuries. 
A fi ve day course is usually suffi cient.

Delayed healing
 O This may be due to poor apposition of the edges, mal-

nutrition and/or infection.
 O Excision of the edges of the wound and secondary 

suture may be helpful, except in malnutrition.

7.2 Fractures in children

BOX 7.2.1 Minimum standards 
 Q X- rays. 
 Q Splints.
 Q Plaster of Paris bandages.
 Q Traction.
 Q External and internal fi xation.
 Q Physiotherapy.

Introduction
As any parent knows, all children are susceptible to injury. 
However, children in resource- limited countries are prob-
ably more at risk than their developed- world counterparts, 
as they often live in less regulated and protective environ-
ments. Once injured, there may be a considerable delay 

in their presentation to a healthcare facility, a situation that 
can complicate and restrict treatment options.

Scarce X- ray resources and a limited range of treat-
ment modalities can then further complicate treatment of 
paediatric fractures.

However, on a more optimistic note it can be said that 
paediatric fractures are often more ‘forgiving’ when com-
pared to those of the adult; they are often easier to reduce, 
less requiring of internal fi xation, are quicker to unite and, 
due to the potential for remodelling with continued skeletal 
growth greater degrees of mal- union can be tolerated.

Diagnosis
Certain features of the history and examination may suggest 
the presence of a fracture:
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 O history of a signifi cant traumatic event
 O swelling
 O bruising
 O deformity
 O loss of function: inability to move or weight- bear
 O bony crepitus at the fracture site
 O consider the possibility of child abuse (see Section 7.6) 

if the fracture appears inconsistent with the history given 
or with the child’s developmental status.

Open fractures
Open fractures occur where the fracture site communicates 
with a laceration or break in the skin relating to it. There is 
potential for the introduction of contaminants and resultant 
infection. Often open fractures are the result of a greater 
degree of violence than is the case for closed fractures.

Open fractures are graded according to the Gustilo 
classifi cation:

 O grade 1: skin wound of < 1 cm with minimal soft- tissue 
injury

 O grade 2: skin wound of > 1 cm, with moderate soft 
tissue injury

 O grade 3: these wounds typically involve a far greater 
degree of violence and energy transfer. This is further 
subdivided into: 

 — A: extensive wound > 10 cm with crushed tissue and 
contamination but for which soft- tissue coverage is 
usually possible.

 — B: extensive wound > 10 cm, again with crushed tis-
sue and contamination, but where it is not thought 
that local soft- tissue coverage is possible, and there-
fore a regional or free fl ap may be necessary.

 — C: any open fracture with an associated major vas-
cular injury requiring repair for limb salvage.

Treatment is dictated by the extent of soft- tissue injury as 
refl ected in the above grading system. The initial priority 
is a thorough debridement and copious irrigation of the 
fracture site in order to reduce the burden of contamina-
tion and lower the risk of infective sequelae. Once this has 
been done, some form of stabilisation is necessary. Internal 
fi xation of open fractures carries a considerable risk of infec-
tion. Safer options are plaster application (with or without 
windowing to expose the wound) or external fi xation.

It is often useful for a photograph of an open fracture to 
be taken by the initial assessor (perhaps on a mobile phone) 
so that the wound can remain covered until the patient is in 
the operating theatre. It helps to prevent frequent opening 
of the dressings and infection. 

Compartment syndrome
The associated soft- tissue injury and subsequent swell-
ing leads to an elevation of interstitial pressure within a 
closed fascial compartment, which results in microvascular 
compromise. If left untreated, tissue necrosis will occur. 
The commonest site is in the lower leg, but compartment 
syndromes can also occur in the thigh, foot and upper 
limb. The signs and symptoms of compartment syndrome 
include the following:

 O a hard woody swollen extremity
 O severe pain on passive movement
 O tingling or burning sensations (paraesthesia) in the skin 
 O pain out of proportion to the severity of the fracture and 

not relieved by splinting or analgesia

 O numbness or paralysis (loss of movement) and absent 
distal pulses are late signs.

Although it is possible to monitor intra- compartment 
pres sures, such technology will rarely be available. The 
alternative is to have a high index of suspicion for fractures 
involving signifi cant soft- tissue injury, and regularly review 
the clinical condition of the limb.

Treatment of compartment syndrome is by prompt 
surgical fasciotomies to decompress the affected com-
partments. In the lower leg there are four muscular 
compartments separated by strong fascia:
1 the lateral compartment containing the peroneal muscles 
2 the anterior compartment containing the dorsifl exor 

muscles of the ankle and toes
3 the superfi cial posterior compartment containing the 

gastrocnemius and soleus muscles 
4 the deep posterior compartment containing the deep 

plantar fl exors of the ankle and toes. 

The lateral and anterior compartments can be decom-
pressed through the same antero- lateral longitudinal 
incision. A single postero- medial incision can be used for 
the deep and superfi cial posterior compartments. In each 
case the fascial envelope containing the muscle group must 
be incised along its length in order to permit swelling and 
prevent the build- up of pressure within the compartment.

X- rays
X- rays are the most useful and specifi c diagnostic modal-
ity. Where possible, two orthogonal X- rays (at 90 degrees 
to each other) should be obtained, ideally including the 
joints above and below the suspected fracture site. Terms 
relating to fracture appearance on X- ray include the 
following:

 O transverse: at 90 degrees to the long axis of the bone 
 O oblique: other than the above
 O simple: involving a single fracture line
 O comminuted: involving bony fragmentation
 O greenstick: visible fracture at only one cortex on the X- ray 

view. Greenstick fractures are only seen in paediatric 
fractures, due to the fl exible nature of paediatric bone; 
this implies intact periosteum along the opposite side to 
the fracture and is a good prognostic sign.

Salter–Harris classifi cation
This relates to the X- ray pattern of fractures occurring 
around the epiphysis, or growth plate, of a bone. Such frac-
tures occur in about 15–20% of  major long bone fractures 
and 34% of hand fractures in childhood.

There are fi ve grades, with increasingly poor prognosis 
for fracture outcome with increasing grade because of an 
increasing degree of damage to the growth plate. This will 
lead to limb shortening as the child grows.
1 Fracture across the epiphyseal line, not extending into 

the epiphysis or metaphysis. This occurs when the 
growth plate is very thick, and thus tends to be seen in 
young children. Healing is rapid and complications are 
rare.

2 Fracture across the epiphyseal line extending into the 
metaphysis, but not into the epiphysis. This usually 
occurs in children over the age of 10 years. Healing is 
usually rapid and there is rarely growth disturbance. 

3 Fracture extending completely across the epiphyseal line 
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and into the epiphysis. This type of fracture can occur 
at any age and is associated with a poor prognosis.

4 Fracture extending from the metaphysis through the 
growth plate and into the epiphysis. This type of fracture 
occurs when the growth plate is partially fused, and it 
has a poorer prognosis.

5 Crush injury to the growth plate. This is caused by severe 
axial loading during a fall from a height. Inevitably there 
is partial destruction of the epiphyseal plate, and thus 
a considerable risk of growth disturbance.

Treatment of fractures
 O Reduce the fracture (if displaced).
 O Hold the fracture while bony healing occurs.
 O Rehabilitate: restore function and range of motion.

The potential for remodelling with continued skeletal growth 
is more marked in younger children. It occurs to a greater 
degree in the plane of movement of the affected joint. As 
a result of remodelling, angular deformity can gradually 
resolve with growth, and thus accurate initial reduction is 
not mandatory. In contrast, it is important to accurately 
reduce intra- articular fractures in order to prevent second-
ary arthrosis.

Children will often be unable to tolerate reduction 
under local anaesthesia. General anaesthetic will usually 
be required (see Section 1.24).

Once reduced, the fracture needs to be held in position 
while bony union occurs.

During reduction of fractures, particularly in the lower 
limb, rotation of the limb should be checked clinically and 
compared with the opposite limb. X- rays, although useful 
for judging angulation, length and translation, are not very 
helpful for judging rotation. 

Splintage
Splintage of a fracture involves immobilising the fracture, 
thereby preventing relative motion of the bone ends. In the 

acute phase, this will help to relieve the pain associated 
with the fracture. In the longer term, the fracture stability 
conferred by the splint will help to promote bony union.

The commonest form of splintage uses plaster of Paris 
bandages (see plastercraft below). If these are not available 
preformed, then it is possible to make them from crepe 
bandages and calcium sulphate. The bandages can be 
applied in the form of a complete (circumferential) cast 
or as a backslab, along only one side of the injured limb.

In any situation where swelling is anticipated, a com-
plete cast should either be bivalved or split down to skin 
along its length.

In some circumstances, plaster of Paris may not be 
available. If this is the case, splints can often be fashioned 
from locally available materials. One example of this is the 
use of strips of bamboo and bandaging.

The splint should be applied with the limb in the position 
of function. Then if stiffness does occur the limb will still 
have some use. For the elbow, this position is 90 degrees 
of fl exion. For the ankle, a position of neutral plantar/dor-
sifl exion (the sole of the foot at 90 degrees to the lower 
leg) is preferred.

Plastercraft
Before starting to apply a plaster, all of the necessary 
equipment should be ready to hand. The limb should be 
covered in stockinette, if available, and then cotton wool. 
Bony prominences (ankle malleoli, fi bular head, wrist, olec-
ranon) should be covered with extra padding to prevent 
pressure sores.

The plaster bandage should be immersed in water 
for about 5 seconds, by which time bubbles should have 
stopped rising from the plaster. Cold water is usually best, 
but hot water causes the plaster to set faster, so the tem-
perature should be adjusted according to need.

For plaster slabs, the length required should have been 
premeasured and then the slab made up in readiness, 
most slabs requiring a thickness of between 5 and 10 lay-
ers of plaster bandage. Once dipped, the slab should be 
applied to the limb over the layer of cotton wool and then 
bandaged into place.

For circumferential casts, the bandage should be 
unwound half a turn before dipping, with the roll held in 
one hand and the free end in the other. After immersion, 
excess water should be allowed to fall from the plaster, but 
it should not be wrung or squeezed, as this will result in 
a plaster that is too dry to make a good cast. The plaster 
bandage can then be wound around the injured limb, with 
each turn overlapping the previous one by about two- thirds. 
Twists and turns in the plaster should be avoided, as these 
can constrict the limb. Once the plaster bandage has been 
applied, the limb should be held still until the plaster sets.

If proprietary plaster of Paris bandages are not avail-
able, it is possible to make them using gauze bandages 
and plaster. Medicinal- grade plaster (calcium sulphate PBC) 
is ideal, but failing this, building plaster can be used. The 
plaster should be sprinkled on to an unrolled bandage that 
is just damp (so that the plaster adheres). The bandage 
can then be rolled up and used in a similar way to a com-
mercially available plaster bandage.

Once set, a useful technique is to write, with broad 
marker pen, the details of the fracture on the plaster cast 
as a so- called ‘fracture passport’. These details can include 
the date of the fracture, the date when the plaster was 

FIGURE 7.2.1 Slings and splints for childhood fractures. From the 
Merck Manual Home Health Handbook, edited by Robert Porter. 
© 2010-11 Merck Sharp & Dohme Corp., a subsidiary of Merck & 
Co, Inc, Whitehouse Station, NJ. Available at: www.merckmanuals.
com/home/ (accessed 5/8/14).
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applied, the intended date of removal, and even a sketch 
of the fracture confi guration itself. This information can be 
invaluable for subsequent care, as notes and X- rays can 
easily be mislaid or lost.

Wedging of the plaster can be useful for improving 
reduction of the fracture.

Traction
An alternative to splintage is traction. By exerting a pull 
along the axis of the injured bone, traction helps to effect 
reduction and maintain alignment. Traction can either rep-
resent a defi nitive mode of treatment and be maintained 
until bony union, or be temporary, being maintained only 
until the fracture is stable enough to be treated in a plaster 
cast. Several types of traction exist.

 O Skin traction: Traction is exerted on the limb by means 
of a bandage (usually adhesive) applied around the limb.

 O Balanced traction: Traction of the more distal part of the 
limb is maintained by reaction against a more proximal 
structure. The classic example is the Thomas’ splint for 
femoral fractures, where the splint is braced against the 
ipsilateral ischial tuberosity.

 O Skeletal traction: Traction is exerted by means of a pin 
inserted into bone distal to the fracture. An example is a 
traction pin inserted through the proximal tibia as treat-
ment for a femoral fracture. In the paediatric context, 
care should be exercised to avoid growth plates when 
inserting the traction pins.

Traction methods of treatment are most applicable to 
fractures of the lower limb, but there are occasional circum-
stances in which these methods are used in the upper limb. 
One example is temporary skin traction for a supracondylar 
fracture of the humerus.

External fi xation
This involves stabilising the fracture by means of an external 
scaffold which is fi xed to the bones proximal and distal 
to the fracture by means of threaded pins. It is relevant 
to unstable compound fractures, particularly those with 
extensive soft- tissue wounding. Several different types of 
fi xator exist. The pins can be sited away from bone growth 
plates and the fracture reduced prior to the linking bar 
being tightened. Following application of the fi xator, the pin 
tracks must be cleaned daily with saline in order to prevent 
the build- up of crust, infection of the track and secondary 
osteomyelitis. The fi xator can remain in position until bony 
union occurs, or be replaced by a plaster cast once the 
fracture becomes stable enough to tolerate this and/or the 
soft- tissue wound heals.

A variant of external fi xation is percutaneous K- wiring, 
usually used in conjunction with plaster casting. Particularly 
relevant to peri- articular fractures, this involves the inser-
tion of smooth K- wires across the fracture line in order to 
prevent secondary displacement. The external ends of 
the wires should be bent to prevent migration. The wires 
can be removed once fracture stability permits, typically at 
2–3 weeks. In the absence of K- wires, improvisation using 
long K- wires- type needles is possible.

Internal fi xation
This involves the use of screws, plates and other types 
of metalwork to rigidly hold the reduction of a fracture. 

Although these techniques permit accurate stable reduc-
tion, there is an associated risk of infection of the fi xation 
device. Thus, when considering this form of treatment, the 
following should be borne in mind:

 O The fracture should warrant internal fi xation, as opposed 
to splintage, traction or external fi xation.

 O There should be an adequate supply of the metalwork 
in a full range of sizes and the required instruments 
for their insertion. For a sustainable fracture treatment 
philosophy, a constant supply of fi xation devices 
needs to be available.

 O The surgeon should be trained in the application of the 
device and in the surgical approach necessary for it.

 O The fi xation devices and tools should be sterile and the 
level of asepsis in the operating theatre must be high.

 O In some cases, intra- operative X- ray guidance (fl uoros-
copy) is necessary for accurate fi xation.

 O Intramedullary methods of fixation, popular in well- 
resourced countries for the fi xation of adult long bone 
fractures, are rarely appropriate in paediatric cases, as 
they violate the epiphyseal plates, potentially resulting 
in growth disturbance.

The decision to use this method of fi xation will be based 
on a risk- benefi t analysis with consideration given to the 
fracture confi guration, the age of the child, the operative 
resources available and the training of the surgeon involved.

Ongoing fracture care
Once reduction and stabilisation of the fracture have 
occurred, ongoing care is required to monitor the progress 
of the fracture to union. The treating physician should docu-
ment the treatment provided and estimate the duration of 
immobilisation needed. Where the provision of notes and 
X- rays is limited, one suggestion is to draw the fracture 
on the surface of the plaster cast along with the intended 
date of removal.

At initial follow- up, the quality of the plaster cast should 
be inspected and X- rays taken (where possible) to ensure 
that secondary displacement has not occurred. The overall 
duration of immobilisation required is dependent upon 
the age of the patient and the fracture configuration. 
Determination of bony union involves the removal of the 
plaster cast or external fi xation device (after an appropriate 
time period during which union would have been predicted 
to occur) and the gentle stressing of the fracture site. The 
presence of persistent tenderness, swelling or abnormal 
movement all indicate that union has yet to occur. The 
extent of fracture callus on X- ray is also indicative of the 
state of union.

Rehabilitation
Children rarely need dedicated physical therapy following 
fracture healing. They should be encouraged to move their 
joints through a full range of motion, and exercises should 
be prescribed to restore muscle bulk.

Specifi c fractures
Femoral shaft
Closed femoral shaft fractures in children are usually best 
treated with traction, with the type dependent on the age 
of the child. Typically the duration required is 1 week per 
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year of age, but this can be shortened by transfer into a 
plaster hip spica once fracture stability permits.

 O Age 0–2 years and weight under 12 kg: Gallows trac-
tion, thighs in 45-degree fl exion and hips 30-degree 
abduction. Limb length inequality is seldom a problem 
as fracture does not shorten excessively. Shortening 
of up to 1.5 cm and angulation of up to 30 degrees is 
acceptable. Early spica casting is often possible. This 
fracture is associated with non- accidental injury in 
50–80% of cases at this age.

 O Age 2–10 years: Skin traction, either in the 90/90 posi-
tion (hip and knee fl exed to 90 degrees) or Perkins type 
(straight traction). Alternatively, especially in the older 
members of this group, skeletal traction through a distal 
femoral traction pin; again either in the 90/90 position or 
straight. Up to 2 cm of bayonet shortening can be toler-
ated with no adverse effects. Early spica casting can be 
used if the position is acceptable. With skin traction the 
weight used should not exceed 5 kg, but with skeletal 
traction up to 10% of body weight can be applied.

 O Age 10–15 years: Skeletal traction, either in 90/90 posi-
tion or straight. There is a much greater risk of shortening 
in this group, and less potential for subsequent growth 
acceleration and length equalisation.

 O Above the age of 15 years, children can be treated as 
adults.

Tibial shaft
Closed tibial shaft fractures in children are usually uncom-
plicated, and can be treated satisfactorily with closed 
reduction and long leg cast application.

 O The cast should be applied with the knee in 5–10 degrees 
of fl exion.

 O In comparison to the femur there is less potential for 
overgrowth and thus it is important to maintain the 
fracture out to length, that is, to ensure that the length 
of the fractured limb is the same length as the uninjured 
side. Acceptable degrees of shortening are 5–10 mm in 
the 0–5 years age group, but aim for none in any older 
age group.

 O Acceptable axial alignment is less than 10 degrees of 
recurvatum (where the apex of the fracture site points 
posteriorly) and less than 5 degrees of varus or valgus 
angulation.

 O As union progresses it may be possible to convert the 
long leg cast to a patellar tendon bearing cast after 
3 weeks.

 O Undisplaced fractures in children aged 1–5 years can 
often be treated in below- knee casts or even below- knee 
plaster cylinders.

Distal humeral
Supracondylar fractures of the humerus have the highest 
rate of complications and some of the poorest results of 
treatment of all paediatric fractures. They are also diffi cult 
to diagnose without an X- ray. The peak incidence is at the 
age of 6 or 7 years.

 O The vast majority (98%) are extension type, featuring 
a posteriorly displaced distal part. Only 2% are fl exion 
type, resulting from a fall on to the point of the elbow.

 O A careful assessment of distal vascularity should be 
made. In fractures with posterolateral displacement, 
the medial humeral spike can tether the brachial artery.

 O If distal pulses are absent, closed reduction should be 

attempted. If this fails to restore pulses, immediate open 
reduction and surgical exploration of the brachial artery 
should be performed.

 O In other displaced fractures with palpable distal pulses, 
closed reduction should be attempted, possibly com-
bined with percutaneous pin fixation for unstable 
fractures.

 O Acceptable reductions will have no more than 4 degrees 
of varus as determined by Baumann’s angle on the 
antero- posterior radiograph. Additionally, the axis of the 
capitellum should be at 45 degrees to the humeral shaft.

 O If an acceptable position is not obtained, this may be 
an indication for open reduction and percutaneous 
K- wire fi xation.

 O Alternatively, the limb can be placed on traction in exten-
sion. As the swelling subsides, it will become easier 
to effect a closed reduction (with or without K- wiring).

 O Once reduced, an above- elbow plaster backslab 
should be applied with the elbow fl exed. Flexion above 
90 degrees will assist in maintaining the reduction of 
extension- type fractures, but care should be taken to 
ensure that distal pulses are maintained.

 O Ideally, X- rays should be taken on a weekly basis to 
ensure that reduction is maintained. The plaster cast 
can be completed once swelling has resolved, and 
percutaneous wires can be removed after 3 weeks.

 O The typical duration of immobilisation necessary for 
union is 4–5 weeks in the 0–5 years age group and 
6–7 weeks in the 5–10 years age group.

Forearm fractures
 O Both types of bone paediatric forearm fractures typi-

cally result from the indirect violence of a fall on an 
outstretched hand. They may be greenstick or complete. 
If the periosteal sleeve is disrupted the fractures may 
be unstable.

 O X- rays should include the wrist and elbow, as the integ-
rity of the proximal and distal radio- ulnar joints needs 
to be determined.

 O Be aware of the possibility of a Monteggia fracture, 
which consists of dislocation of the radial head along 
with fracture of the ulna.

 O In contrast to adult forearm fractures, the majority of 
these injuries can be treated by closed reduction and 
plaster immobilisation.

 O Up to the age of 9 years, acceptable reduction can be 
defi ned as anything less than 15 degrees of displace-
ment and 45 degrees of malrotation.

 O Above 9 years, at least bayonet apposition is required 
with less than 30 degrees of malrotation, less than 
10 degrees angulation if the fracture is proximal or less 
than 15 degrees if it is distal.

 O Immediately following fracture union, there may be a 
cosmetic deformity if the above reduction criteria are 
utilised, but this deformity should remodel if there is over 
2 years of skeletal growth remaining.

 O Following reduction, an assessment of forearm supina-
tion and pronation should be undertaken to ensure that 
there is no block.

 O The arm should be immobilised in an above- elbow cast 
with the elbow fl exed to 90 degrees. Opinion varies as 
to the position of the wrist in the cast. Some surgeons 
place the wrist in neutral supination/pronation for all 
fractures, others placing it in supination for proximal 
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third fractures, neutral for middle third and pronation for 
distal third.

 O Follow- up X- rays should be taken at 1-  and 2- week 
intervals following manipulation to ensure that secondary 
displacement has not occurred. If displacement does 
occur, re- manipulation can be attempted.

 O Some very unstable fractures may prove diffi cult to treat 
by closed methods. These may benefi t from intramedul-
lary pinning (Rush pins) or cross K- wiring if facilities exist 
for this (intra- operative fl uoroscopy is required).

Distal radial (‘wrist’) fractures
 O Children’s distal radial fractures are usually the result 

of a fall on the outstretched hand, and are rarely 
intra- articular.

 O Common types include the following: 
 — Galeazzi fracture (isolated fracture of the distal radius) 
implies associated disruption of the distal radio- ulnar 
joint.

 — Physeal fracture (pattern of injury described by the 
Salter- Harris classifi cation) 

 — Torus (buckling of the cortex on the compression side 
of the fracture without angulation).

 — Greenstick fracture (incomplete fracture).

 O In children these fractures can almost always be treated 
with closed reduction and plaster immobilisation.

 O The reduction manoeuvre is to hyperextend the wrist, 
followed by traction and ‘hinging’ of the distal fragment 
over the fracture site.

 O Acceptable reduction can be defi ned as anything less 
than complete displacement and slight angulation. As in 
forearm fractures, cosmetic deformity should remodel if 
more than 2 years of skeletal growth remain.

 O Check X- rays should be taken at 1 and 2 weeks post- 
reduction to exclude secondary displacement.

 O The duration of immobilisation required depends upon 
the fracture confi guration and the age of the child, but 
is typically 3–5 weeks.

Conclusions
 O Most paediatric fractures can be treated by closed 

methods.
 O Very often the periosteal sleeve will be intact, leading to 

enhanced fracture stability.
 O Completely accurate reduction is not always necessary, 

as children’s bones have the potential to remodel with 
continued skeletal growth.

7.3 Life- threatening trauma

7.3.A Structured approach to trauma in pregnancy and childhood

BOX 7.3.A.1 Minimum standards 
 Q Triage.
 Q Structured approach: primary assessment and resusci-

tation, and then secondary assessment and emergency 
treatment.

 Q Availability of emergency surgery or safe transport 
system.

 Q Oxygen.
 Q Blood transfusion service.
 Q Chest drain.
 Q Analgesia.
 Q High- dependency care.
 Q Tetanus immunoglobulin and toxoid.
 Q Mannitol or hypertonic saline.
 Q Tranexamic acid.

Introduction
Most regions of the world are experiencing an epidemic 
of trauma, but the most serious increase has been in the 
resource- limited countries. 

Proliferation of roads and increased use of vehicles 
have led to an increase in injuries and deaths, and many 

peripheral medical facilities fi nd themselves faced with mul-
tiple casualties from bus crashes or other disasters. Severe 
burns and drownings have always been more common in 
middle-  and low- income countries.

There are a number of important differences between 
high-  and low- income countries: 

 O use of open fi res and kerosene stoves for cooking and 
heating

 O unsafe water storage practices and unsupervised play 
in water courses, lakes and ponds by young children

 O poor or absent fl ood defences, making poor people 
much more vulnerable to natural disasters

 O poorly maintained road networks and vehicles, con-
tributing to a higher injury rate per distance travelled in 
low- income countries

 O the absence of a paramedic- manned emergency ambu-
lance service to give life- saving medical care at the scene

 O the great distances over which the injured may have to 
be transported, and therefore the time taken for them 
to reach medical care, thus losing the opportunity to 
prevent secondary damage caused by hypoxia and 
hypovolaemia

 O the absence of appropriate equipment, supplies, and the 
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necessary knowledge and skills to manage the injured 
once they have arrived at a healthcare facility

 O the absence of skilled people to operate and service 
equipment. 

Prevention of trauma is by far the best and most cost- 
effective way forward, but accident prevention has not yet 
had much impact in low- income countries.

Trauma is the commonest cause of death in children 
over the age of 5 years in high- income countries, and it 
is increasing in absolute numbers as well as in ranking in 
low-  and middle- income countries. In the World Health 
Organization (WHO) 2008 report ‘World Report on Child 
Injury Prevention’, the death rate in under 20 year olds 
from injury was 12.2 per 100 000 in high income countries 
while in low and middle income countries, the fi gure was 
41.7 per 100 000.

Trauma is also a major cause of disability, especially 
following head injury, burns and drownings. In high- income 
countries, road accidents and falls predominate; in low- 
income countries road traffi c accidents are increasing, but 
there has been no fall in the number of burns, falls and 
drownings. 

Children are less likely than adults to suffer from serious 
penetrating injuries, although in cities where stabbings and 
shootings are common, or in armed confl ict, such violence 
spills over into childhood. Intentional injury, in the form of 
child abuse, also contributes to a signifi cant degree to 
childhood trauma (see Section 7.6).

The patterns of injury and the physiological conse-
quences can be quite different in children compared with 
adults, refl ecting their different size and shape, the elasticity 
of their body tissues, and the immaturity of their physiologi-
cal systems.

The key principles of managing major trauma are to

Treat the greatest threat to life fi rst

Do no further harm

AVOID: hypoxia, hypercapnia, hypovolaemia, hypoglycaemia 
and hypothermia

By following a structured approach, problems will be 
identifi ed and managed in order of priority. The key steps 
are outlined in the primary assessment and resuscitation, 
enabling identifi cation and treatment of life- threatening inju-
ries. The secondary assessment identifi es all other injuries, 
and provides emergency treatment for them. 

Structured approach
 Q Primary assessment and resuscitation
 Q Secondary assessment and emergency treatment
 Q Defi nitive care

Primary assessment
 Q Airway and control of haemorrhage (and cervical 

spine control)
 Q Breathing 
 Q Circulation and continued haemorrhage control

If there is more than one injured patient, then treat the 
patients in order of priority (see Section 1.10). 

Management of major trauma
A team leader should be in overall charge of resuscitating 
a child or pregnant woman or girl who is suffering from 
major trauma. 

Primary assessment and resuscitation
During the primary assessment, assess and resuscitate in 
sequence – Airway, Breathing and Circulation (ABC) – as 
these, if compromised, can be an immediate threat to life.

Although the patient may have obvious severe injuries, 
the clinician’s fi rst task is to prevent further deterioration of 
the patient’s condition by ensuring that vital organs, espe-
cially the heart and the brain, are supplied with oxygenated 
blood by ensuring an open airway, adequate breathing and 
circulation. This is what is meant by primary assessment 
and resuscitation. 

Although ABC management is described sequentially, 
if there are suffi cient trained clinicians present, they can be 
managed at the same time. If there are limited personnel, 
the approach must be A then B then C. If there is only 
one trained person available, make use of untrained staff 
such as ward orderlies or relatives to perform tasks under 
your supervision. For example, if there is visible severe 
exsanguinating haemorrhage, once you have identifi ed and 
controlled it, the ward orderly can continue to apply the 
pressure while you open the airway and give oxygen, etc. 
You will need to continually monitor the untrained person’s 
actions to make sure that they are still effective.

The fi rst priority is establishment or maintenance of 
airway opening, and control of any obvious life- threatening 
haemorrhage. 

Primary Assessment and Resuscitation: 
Airway and control of exsanguinating haemorrhage (plus 
cervical spine control, if appropriate)

Breathing

Circulation

Stop visible external exsanguinating bleeding, if any, 
by applying direct pressure. This bleeding will be from a 
superfi cial artery or large vein. Minor bleeding can be left 
until the vital ABC have been assessed and resuscitated. 
Internal bleeding will be dealt with fi rst in ‘C’ by replacing 
fl uid, and then, if necessary, by emergency surgery.

Open and maintain the airway
We assess the airway patency by assessing its function, 
which is to allow air to pass through it into the lungs. If the 
airway is blocked, the lungs will not receive air.

The approach is similar to that used for managing any 
airway, in that you must:

LOOK for chest movement
 Q LISTEN for breath sounds
 Q FEEL for exhaled air
 Q Talk to the patient 
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If the patient is conscious, a rapid way to assess the air-
way is to ask them to speak, using the question ‘Are you 
all right?’

A patient who can speak (or, in the case of a baby, who 
can cry) must have a clear airway.

If the patient is unconscious, airway obstruction is most 
commonly due to obstruction by the tongue.

The signs of airway obstruction may include: 
 O snoring or gurgling 
 O stridor or abnormal breath sounds 
 O agitation (hypoxia) 
 O using the accessory muscles of ventilation/paradoxical 

chest movements 
 O cyanosis. 

Cervical spine protection
In countries where there is no trained emergency ambu-
lance service available to rescue trauma victims at the 
scene, the risk of an unstable cervical fracture causing 
permanent spinal cord damage, and subsequent paresis 
occurring before the patient is brought to medical atten-
tion, is high. Therefore any cervical fracture presenting to 
a medical facility after being brought in by passers- by is 
likely to be stable.

Fortunately, unstable cervical spinal fractures are rela-
tively uncommon. They are more likely to occur as a result 
of very severe road traffi c accidents or falls from a signifi -
cant height.

Protect the cervical spine with collar, sand bags and tape 
if the patient is likely to have an unstable cervical spine.

Defi nitive treatment requires specialist surgery, and 
health services in many low- income countries may strug-
gle to access the appropriate service for their population.

It is important to recognise that although protection 
of the cervical spine may occasionally be benefi cial, the 
opening and maintaining of a clear airway benefi ts every 
patient and is an absolute priority.

Cervical spine immobilisation
The cervical spine can be mobilised in three ways:
1 In- line stabilisation: the spine is held in the neutral posi-

tion (the same as the airway position for an infant; see 
Section 1.12) by the clinician’s hands on either side of the 
patent’s head, ensuring that the ears are not covered, 
as the patient must be able to hear to be reassured and 
informed. This position must be held until the collar and/
or blocks are in place.

2 A cervical collar can be placed around the neck. Before 
placing the collar, gently feel around the back of the 
patient’s neck to ascertain if there is any midline tender-
ness and/or a ‘step’ indicating a fracture or if there is any 
bleeding. Collars are manufactured in several sizes to fi t 
different sized patients. They are measured according 
to the manufacturer’s instruction and then gently slid 
under the neck at the back. The shaped part is placed 
under the chin at the front, and the collar is fastened 
with the ‘Velcro’ tape fastening. This should leave the 
patient with a fi rmly held neck in a neutral position. The 
collar is used by itself in the combative patient, and in 
conjunction with blocks or sandbags in the unconscious 
or cooperative patient (i.e. one who will remain still).

3 Sandbags or blocks and tape are usually added after the 
collar has been fi tted. They cannot be used in combat-
ive patients as their movements to free themselves will 

cause more injury. They are essential in the unconscious 
patient who has a possibility of neck injury. These objects 
are placed on either side of the patient’s head to prevent 
lateral movement, and held in place with two tapes, one 
across the patient’s forehead and the other across the 
chin part of the cervical collar.

Management of the airway
 O Head tilt/chin lift or jaw thrust. Jaw thrust is recom-

mended in trauma, as it does not require any neck 
movement. However, if a jaw thrust is unsuccessful, try 
chin lift with some head tilt. A closed airway will always 
be potentially fatal, so the airway takes priority. 

 O Suction/removal of blood, vomit or a foreign body, 
if any, but only under direct vision. Do not blindly suck 
in the mouth or pharynx.

 O If there is no improvement, place an oropharyngeal 
airway. Avoid using a nasopharyngeal airway if base of 
skull injury is suspected.

 O If the airway is still obstructed, a defi nitive airway 
by intubation or surgical airway may be needed.

 O Identify the ‘at- risk’ airway:
 — Altered level of consciousness will fail to protect the 
airway.

 — Vomiting, with risk of aspiration, is a major risk in 
pregnancy.

 — Facial trauma, including burns, will continue to worsen 
as the tissues swell.

Once the airway is open, give high- fl ow oxygen using a mask 
and reservoir.

If the airway cannot be maintained and/or protected, 
consider the need for advanced airway management. 

Indications for advanced techniques for securing the 
airway (intubation or surgical airway) include: 

 O persistent airway obstruction 
 O a conscious level of ) 8 on the Glasgow Coma Scale, 

or ‘P’ or ‘U’ on the AVPU scale (see below for both)
 O penetrating neck trauma with haematoma (expanding) 
 O apnoea 
 O hypoxia 
 O severe head injury 
 O chest trauma 
 O maxillofacial injury. 

Intubation techniques should ideally be performed by 
an experienced anaesthetist. A surgical airway is best 
performed by an ENT surgeon, but general surgeons will 
have been trained even if they are not experienced in the 
technique. The technique of emergency cricothyrotomy 
can be performed by any emergency clinician (see below).

For intubation, the following sequence should be 
followed:
1 Pre- oxygenation with 100% oxygen, with manual lung 

infl ation if required.
2 Administration of a carefully judged, reduced dose of an 

anaesthetic induction agent.
3 Application of cricoid pressure.
4 Suxamethonium 1–2 mg/kg.
5 Intubation with a correctly sized tracheal tube.
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Confi rmation of correct placement of the 
endotracheal tube
Signs such as chest movement and auscultation remain 
helpful, but are occasionally misleading, especially in inex-
perienced hands. The most reliable evidence is to see the 
tube pass through the vocal cords. The correct size is a 
tube that can be placed easily through the cords with only 
a small leak. Intubation of the right main bronchus is best 
avoided by carefully placing the tube only 2–3 cm below the 
cords, and noting the length at the teeth before checking by 
auscultation, which is best done in the left and right lower 
axillae. Capnography (if available) is a useful adjunct 
to help to confi rm correct tube placement.

Indications for surgical cricothyrotomy
 O Inability to open or clear the airway, and the patient 

losing consciousness due to cerebral hypoxia (usually 
also cyanosed and bradycardic).

 O Inability to ventilate the lungs despite high- level CPAP 
via a bag- valve- mask system and 100% oxygen through 
a reservoir attached to the bag. 

 O Inability to intubate through the larynx, either because 
this is not possible or due to lack of experience.

Method
 1 Place the patient in a supine position. 
 2 If there is no risk of neck injury, consider extending the 

neck to improve access. Otherwise, maintain a neutral 
alignment.

 3 Identify the cricothyroid membrane (see Figure 7.3.A.1).
 4 Prepare the skin, and, if the patient is conscious, infi l-

trate with local anaesthetic. 
 5 Place a hand on the neck to stabilise the cricothyroid 

membrane, and to protect the lateral vascular struc-
tures from injury.

 6 Make a small vertical incision in the skin, and press 
the lateral edges of the incision outwards, to minimise 
bleeding. 

 7 Make a transverse incision through the cricothyroid 
membrane, being careful not to damage the cricoid 
cartilage.

 8 Insert a tracheal spreader, or use the handle of the 
scalpel by inserting it through the incision and twisting 
it through 90 degrees to open the airway. 

 9 Insert an appropriately sized endotracheal or trache-
ostomy tube. 

 10 Ventilate the patient and check that this is effective.
 11 Secure the tube to prevent dislodgement.

Complications of surgical cricothyroidotomy
These include the following:

 O asphyxia
 O aspiration (e.g. blood)
 O laceration of the trachea
 O laceration of the oesophagus
 O haemorrhage or haematoma formation
 O mediastinal emphysema
 O subsequent glottic stenosis
 O creation of a false passage into the tissues
 O subsequent subglottic stenosis or oedema.

Primary assessment and resuscitation: 
Breathing
After management of the airway, the patient’s breathing 
should be assessed. The same approach is adopted as 
for the patient suffering a serious illness.

Assessment of breathing
 O Effort: recession, rate, added noises, accessory mus-

cles, alar fl aring.
 O Effi cacy: breath sounds, chest expansion, abdominal 

excursion.
 O Adequacy: heart rate, skin colour (look for cyanosis), 

mental status.
 O A pulse oximeter is very useful to monitor oxygenation 

adequacy (SaO2).

Unequal breath sounds or poor oxygenation:
 O Pneumothorax or haemothorax.
 O Misplaced or blocked endotracheal tube.

Looking at the respiratory rate and chest expansion is 
essential. In addition to the signs listed above, check 
whether any of the following are present: 

 O penetrating injury 
 O presence of fl ail chest 
 O sucking chest wounds.

Listen for breath sound character and equality:
 O pneumothorax (decreased breath sounds on site of 

injury) 
 O detection of abnormal sounds in the chest.

Feel for: 
 O tracheal shift (sign of tension pneumothorax on side 

away from the deviation) 
 O broken ribs 
 O subcutaneous emphysema. 

Percuss:
 O percussion is useful for diagnosis of haemothorax (dull 

on affected side) and pneumothorax (hyper- resonant 
on affected side). 

Continue giving high- fl ow oxygen (15 litres/minute) in all 
cases.

Careful examination of the trachea, neck veins and chest 
may indicate the presence of pleural collections of air or 
blood. Tension pneumothorax should be treated immedi-
ately with needle thoracocentesis in the second intercostal 
space in the mid- clavicular line.FIGURE 7.3.A.1 Anatomy of neck, showing landmarks for surgical 

cricothyroidotomy.
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Needle thoracocentesis
This procedure is used for the rapidly deteriorating patient 
who has a life-threatening tension pneumothorax. If it is used 
with a patient who does not have a tension pneumothorax, 
there is a 10–20% risk of producing a pneumothorax or 
causing damage to the lung, or both. In such cases imme-
diate subsequent insertion of a chest drain is mandatory.
1 Identify the second intercostal space in the mid- clavicular 

line on the side of the pneumothorax (the opposite side 
to the direction of tracheal deviation, and the same side 
as the hyper- resonance). 

2 Swab the chest wall with surgical prep or an alcohol 
swab.

3 Attach the syringe to the over- needle venous cannula.
4 Insert the cannula into the chest wall, just above the rib 

below, aspirating all the time.
5 If air is aspirated, remove the needle, leaving the plastic 

cannula in place. Alternatively, insert the over- needle 
venous cannula without a syringe and note a ‘hiss’ of 
air on relief of the tension pneumothorax when the metal 
stylet is removed from the plastic cannula.

6 Tape the open cannula in place and proceed to chest 
drain insertion as soon as possible.

Complications of needle thoracocentesis
 O Local cellulitis.
 O Local haematoma.
 O Pleural infection.
 O Empyema.
 O Pneumothorax.

Ventilation
Provide assisted ventilation if needed to patients with 
breathing problems, using a bag and mask with a reservoir 
attached, or by intubation and intermittent positive pres-
sure ventilation. Do not persist with intubation attempts 
without oxygenating the patient.

Look for and treat the following:
 O airway obstruction (see above)
 O tension pneumothorax
 O open pneumothorax
 O haemothorax
 O fl ail chest
 O cardiac tamponade.

See below for details.

TABLE 7.3.A.1 Serious chest trauma: signs and treatment

Breathing problem Clinical signs Treatment

Tension pneumothorax  O Decreased air entry on side of pneumothorax
 O Decreased chest movement on side of 

pneumothorax
 O Hyper- resonance to percussion on side of 

pneumothorax
 O Tracheal deviation away from side of 

pneumothorax
 O Hypoxic shocked patient
 O Full neck veins

High- fl ow oxygen

Needle thoracocentesis

Chest drain insertion

Open pneumothorax  O Penetrating chest wound with signs of 
pneumothorax

 O Sucking or blowing chest wound

High- fl ow oxygen

Chest drain

Wound occlusion on three sides

Massive haemothorax: blood 
in pleural space

 O Decreased chest movement
 O Decreased air entry
 O Dullness to percussion
 O Shock and hypoxia
 O Collapsed neck veins

High- fl ow oxygen

Venous access and IV volume replacement

Chest drain (a haemothorax of 500–1500 mL 
that stops bleeding after insertion of an 
intercostal catheter can generally be treated 
by closed drainage alone; a haemothorax of 
greater than 1500–2000 mL, or with continued 
bleeding of more than 200–300 mL/hour, may 
be an indication for further investigation, such 
as thoracotomy)

Flail chest: paradoxical 
movement of a chest wall 
segment associated with 
underlying lung contusion

 O Rare in children because they have an elastic 
chest wall

 O Decreased effi ciency of breathing

Oxygen and pain relief

May need intubation and ventilation 

Transfer if feasible

Cardiac tamponade: blood 
in pericardial sac causing a 
decrease in cardiac output

 O Shock associated with penetrating or blunt 
chest trauma

 O Faint apex beat and/or muffl ed heart sounds
 O Distended neck veins

Oxygen

IV access and IV fl uids

Emergency needle pericardiocentesis (see 
Section 8.4.C: may need to be repeated)

Consider transfer if feasible
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Primary assessment and resuscitation: 
Circulation
Assessment of circulation
Circulatory assessment includes identifi cation of actual 
and potential sources of blood loss. Closed fractures and 
bleeding into the chest, abdomen or pelvis may make it 
diffi cult to detect how much blood has been lost. The abil-
ity to estimate the percentage blood loss is helpful when 
planning resuscitation. Remember that a child’s circulating 
blood volume is only 80 mL/kg, so is easily compromised. 
Blood volume in pregnancy is 100 mL/kg, or 5–7 litres.

TABLE 7.3.A.2 Blood loss in pregnancy

 Percentage blood loss

Sign < 25 25–40 > 40

Heart rate slight 
increase

moderate 
increase

marked 
increase or 
bradycardia

Systolic BP normal normal beginning 
to fall

Pulse volume normal or 
decreased

seriously 
decreased

very seriously 
decreased

Skin* cool, pale, 
sweaty

cool, mottled, 
sweaty

cool and 
sweaty

Respiratory 
rate

slight 
increase

moderate 
increase

sighing 
respirations

Mental status slight 
agitation

lethargic or 
uncooperative

only reacts to 
pain

* Capillary refi ll time > 3 seconds.

Note that blood pressure may be normal until up to 50% 
of the patient’s circulatory volume has been lost. The blood 
pressure is initially well maintained despite continuing 
bleeding in children and pregnant women and girls. As an 
indicator of haemorrhage, it can be falsely reassuring. A pro-
gressively worsening tachycardia is a more revealing feature. 

A monitoring device which records pulse rate, ECG 
trace and blood pressure is a very useful adjunct if available.

Resuscitation of circulation
Management is focused on avoiding hypovolaemia and 
controlling blood loss. 

Loss of blood is the most common cause of shock in 
major trauma.

Concealed bleeding severe enough to cause shock can 
occur into the pleural cavity, abdomen, pelvis and femur. 
Around 40% of the circulating blood volume can be lost via 
an open femoral fracture, wherein initial treatment should 
include pressure, splinting and analgesia.

Stop bleeding
The fi rst priority is to stop obvious bleeding by applying 
direct pressure. Do not forget that the patient may have a 
wound on their back that is bleeding into the bed. To exam-
ine the back, the patient should be log- rolled, if indicated.

 O Injuries to the limbs: tourniquets do not work well 
and may cause reperfusion syndromes and add to the 
primary injury. The recommended procedure of ‘pres-
sure dressing’ is an ill- defi ned entity. Severe bleeding 
from high- energy penetrating injuries and amputation 
wounds can be controlled by sub- fascial gauze pack 

placement, plus manual compression on the proximal 
artery, plus a carefully applied compressive dressing of 
the entire injured limb. 

 O Injuries to the chest: the most common source of 
bleeding is chest wall arteries. Immediate placement of 
a chest tube drain plus intermittent suction plus effi cient 
analgesia (IV ketamine is the drug of choice, if available) 
expand the lung and seal off the bleeding.

Recent evidence has shown that tranexamic acid can 
reduce mortality from major haemorrhage in major trauma 
in adults. It is also now recommended for use in children. 
The drug should be started as soon as possible, and within 
the fi rst 3 hours after the trauma, to be effective. 

In pregnancy 
The loading dose is 1 gram over 10 minutes followed by an 
IV infusion of a further 1 gram over 8 hours. 

The slow IV bolus dose is given by injecting 1 gram 
of tranexamic acid into a 100- mL bag of 0.9% saline and 
letting it run through over about 10–20 minutes (the exact 
timing is not crucial).

The 8- hour infusion is given by injecting 1 gram of 
tranexamic acid into a 500- mL bag of 0.9% saline and giv-
ing it over 8 hours (approximately 60 mL/hour). If there is a 
gap between the initial bolus and the subsequent infusion 
this probably does not matter too much, but ideally one 
should follow the other.

In children 
The loading dose is 15 mg/kg (maximum 1 gram) diluted in 
a convenient volume of sodium chloride 0.9% or glucose 
5% and given over 10 minutes.

The maintenance infusion rate is 2 mg/kg/hour. The 
suggested dilution is 500 mg in 500 mL of sodium chloride 
0.9% or glucose 5% given at a rate of 2 mL/kg/hour for at 
least 8 hours, or until bleeding stops.

Elevate the legs if the patient is in shock.

IV fl uid resuscitation
The goal is to restore oxygen delivery to the tissues. As 
the usual problem is loss of blood, fl uid resuscitation must 
be a priority.

 O Adequate vascular access must be obtained. This 
requires the insertion of at least one, and ideally two, 
large- bore cannulae (14–16 G). Peripheral cut- down or 
intra- osseous infusion may be necessary. 

 O Infusion fluids: These should be warmed to body 
temperature if possible (e.g. pre- warm in a bucket of 
warmed water or under a relative’s clothing). Remember 
that hypothermia can lead to abnormal blood clotting. 
Use crystalloids such as Ringer- lactate or Hartmann’s 
solution. Normal (0.9%) saline can be used if these 
fl uids are unavailable, but be aware that, especially 
in larger volumes, normal saline causes a hyper-
chloraemic acidosis which is detrimental to sick or 
injured patients.) 

 O Avoid solutions containing ONLY glucose (e.g. 5% 
Dextrose in water or 5% Dextrose with 1/5N saline, 
these are dangerous in this situation) but glucose can 
be added to Ringer–lactate, Hartmann’s or N saline if 
there is evidence of or concern about hypoglycaemia. 

 O Take blood for Hb, group and cross match and glucose, 
electrolytes and amylase for urgent analysis.
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Not all cases of hypovolaemia require aggressive fl uid 
therapy. In adults, withholding fl uids in penetrating trunk 
trauma before achieving surgical haemostasis has been 
associated with an improved outcome. The rationale is 
to avoid pushing up the blood pressure, which hinders 
clot formation and promotes further bleeding. Aggressive 
crystalloid fl uid replacement can lead to increased fl uid 
requirements, hypothermia, dilution of clotting factors, 
excessive blood transfusion and its associated immunosup-
pression. Aim to give suffi cient fl uid to maintain vital organ 
perfusion. This can be monitored by monitoring the patient’s 
state of alertness which is a measure of brain perfusion in 
the absence of a head injury.

On the other hand, in severe head injury, cerebral perfu-
sion is critically dependent on maintaining blood pressure. 
If the patient has both a severe head injury and major 
trunk bleeding, the apparently confl icting requirements 
are best managed by maintaining priorities in ABC order 
and achieving prompt surgical haemostasis. Beyond this 
strategic confl ict, it should be remembered that the normal 
blood pressure is lower in children, hypovolaemia mimics 
head injury, and blood pressure itself is a poor indicator of 
organ perfusion.

As outlined above, the concept of ‘targeted fluid 
resuscitation’ is important if the cause of hypovolaemic 
shock is haemorrhage from penetrating injury. Here the 
initial boluses of IV crystalloids required to treat shock 
should only be given to keep the vital organs (especially 
the brain, heart and kidneys) perfused before emergency 
surgery and blood transfusion is available. Fresh blood is 
particularly useful to combat the coagulopathy that occurs 
in major blood loss if specifi c coagulation components such 
as platelets are unavailable.

However, it must be borne in mind that penetrating 
trauma is not common in women and children in civilian life.

We suggest that when giving boluses of crystalloid or 
blood to patients in shock due to bleeding in major trauma, 
only the amount needed to keep the blood pressure at a 
level suffi cient to perfuse the vital organs should be given. 
There is no clear evidence to indicate the precise blood 
pressure that should be achieved in a pregnant woman or 
child in shock due to haemorrhage. Adequate perfusion 
of vital organs may best be indicated by a radial pulse 
which can be palpated and an alert conscious level (in 
the patient without a signifi cant head injury). In preg-
nancy, the adequacy of the fetal heart rate may also 
be helpful. 

In children under 2–3 years of age, the radial pulse may 
be diffi cult to feel, and the presence of a palpable brachial 
pulse may be the best available indicator at present. 

Therefore to maintain a palpable radial pulse in preg-
nancy, start with IV boluses of 500 mL of crystalloid or ideally 
blood, and reassess after each bolus.

In children, to maintain a radial or brachial pulse give 
10 mL/kg IV boluses of crystalloid or, ideally, blood, and 
reassess after each bolus. 

In the absence of further evidence, it is recommended 
that in children it is best to start with 10 mL/kg boluses 
(infusions given as rapidly as possible) of Ringer- lactate 
or Hartmann’s solution or plasma expander with frequent 
reassessment, rather than the full 20 mL/kg recommended 
in other life- threatening situations, such as meningococcal 
sepsis or severe dehydration. 

Fluid resuscitation in pregnancy starts with a 500- mL 

bolus of Ringer- lactate or Hartmann’s solution or plasma 
expander. 

After repeating boluses twice (i.e. 10 mL/kg twice in 
a child, or 500 mL twice in pregnancy), the transfusion of 
blood (packed red cells) should be considered. The most 
important aspect of fl uid resuscitation is the patient’s 
response to the fl uid challenge.

Improvement is indicated by the following:
 O a decrease in heart rate 
 O an increase in systolic blood pressure
 O an increase in skin temperature
 O faster capillary refi ll
 O improving mental state.

Failure to improve should prompt an urgent search for 
chest, abdominal or pelvic haemorrhage, with the immedi-
ate involvement of an experienced surgeon. Similar volumes 
may be repeated if there is continuing evidence of haemor-
rhagic shock, after re- evaluating the state of the circulation. 

It is useful to delegate the initial fl uid bolus to a member 
of the trauma team (if a team is available), who attaches 
the warmed fl uid bag to the IV cannula via a three- way 
tap to which is attached a 20-  or 50- mL syringe to give 
the boluses. 

Blood transfusion 
There may be considerable difficulty in getting blood. 
Remember possible incompatibility, and hepatitis B and 
HIV risks, even among the patient’s own family. 

Blood transfusion must be considered when the patient 
has persistent haemodynamic instability despite fluid 
(colloid/crystalloid) infusion. If the type- specifi c or cross- 
matched blood is not available, type O negative packed red 
blood cells should be used. Transfusion should be seriously 
considered if the haemoglobin level is less than 7 grams/
dL and if the patient is still bleeding. Blood transfusion is 
most important, and requires blood to be taken for urgent 
cross- matching. 

As described above, early surgical involvement is 
essential.

Vascular access
This is essential in all seriously injured patients. A minimum 
of two relatively large- bore IV cannulae is essential.

TABLE 7.3.A.3 Infusion IV line fl ow rates

Colour code Gauge Crystalloid fl ow rate (mL/minute)

Brown 14 240

Grey 16 172

Yellow 17 130

Green 18 76

Pink 20 54

Blue 22 25

Lime green 24 14

Peripheral veins are preferable; the inexperienced should 
not attempt central venous cannulation. The external jugular 
vein can be accessed even in shock, but the cannula can 
become easily displaced and must be very carefully taped 
in place. A cut- down on to the long saphenous vein at the 
ankle can also be used. If venous access is diffi cult and is 
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taking too long, the new intra- osseous EZ- IO drill is simple 
to operate and can be life- saving (see Section 8.4.C), and 
should be available in all emergency departments.

Central venous cannulation can permit large volumes to 
be rapidly infused and also permit central venous pressure 
measurements. It must be undertaken by a skilled person 
(e.g. an anaesthetist), and a Seldinger technique should 
be used. The femoral vein is used for children, but not for 
pregnant women where the internal jugular or subclavian 
vein may be used. Peripheral venous access can often be 
established once peripheral perfusion has been improved. 
Both femoral venous and tibial intra- osseous access are 
best avoided if there is clinical evidence of a pelvic or 
abdominal injury. In such cases it is better to secure vascular 
access above the diaphragm. The upper outer aspect of 
the humerus can be used for intra- osseous access in that 
case (see Section 8.4.C).

Blood from a vein or bone marrow should be drawn 
for typing and cross- matching, haemoglobin, glucose and 
electrolytes. These tests are clinically accurate on a marrow 
sample from an intra- osseous approach provided there 
has not been prior infusion of blood or crystalloid fl uid. The 
infused fl uids should be warm. Physiological coagulation 
works best at normothermia, and haemostasis is diffi cult 
at core temperatures below 35°C. Hypothermia in trauma 
patients is common during protracted improvised outdoor 
evacuations, even in the tropics. It is easy to cool a patient 
but diffi cult to rewarm them, so prevention of hypothermia 
is essential. IV fl uids should have a temperature of 40–42°C 
(using IV fl uids at ‘room temperature’ means cooling!). 

Venous cut- down
Anatomical considerations
In adults the primary site for cut- down is over the long 
saphenous vein above the ankle at a point approximately 
2 cm anterior and 2 cm superior to the medial malleolus, 
but not if there is signifi cant injury proximal to this site.

Identify the surface landmarks. These are shown in 
Table 7.3.A.4.

TABLE 7.3.A.4 Surface landmarks for cut- down incision

Saphenous

Infant Half a fi nger’s breadth superior and 
anterior to the medial malleolus 

Small children One fi nger’s breadth superior and 
anterior to the medial malleolus 

Older children and 
pregnant mothers

Two fi nger breadths superior and 
anterior to the medial malleolus

 O Apply a venous tourniquet proximal to the intended 
cannulation site.

 O Prepare the skin with antiseptic and sterile drapes.
 O Infi ltrate the area with local anaesthetic (1% lignocaine 

using a fi ne 24–25G needle).
 O Make a full-thickness transverse incision through the 

skin.
 O By blunt dissection, identify and display the vein.
 O Free the vein from its bed and elevate a 2 cm length.
 O Pass a  dissolvable suture around the proximal end of 

the vein but do not tie it yet.
 O Introduce the plastic cannula (with trochar) through the 

venotomy, remove the trocar and secure it in place by 
tying the proximal ligature.

 O Attach the giving set and commence fl ow at the required 
rate.

 O If possible, close the incision; otherwise apply a sterile 
dressing and secure the giving set tubing in place.

See also Section 8.4.C.

Complications
 O Haemorrhage or haematoma.
 O Perforation of the posterior wall of the vein.
 O Nerve transection.
 O Phlebitis.
 O Venous thrombosis.

External jugular venous cannulation
Procedure
Place the patient in a head- down position to dilate the vein 
and reduce the risk of air embolus.
1 Place the patient in a 15–30-degree head- down position 

(or with padding under the shoulders so that the head 
hangs lower than the shoulders).

2 Turn the head away from the site of puncture. 
3 Clean the skin over the appropriate side of the neck.
4 Identify the external jugular vein, which can be seen 

passing over the sternocleidomastoid muscle at the 
junction of its middle and lower thirds.

5 Have an assistant place their fi nger at the lower end 
of the visible part of the vein just above the clavicle. 
This stabilises it and compresses it so that it remains 
distended.

6 Puncture the skin and enter the vein.
7 When free fl ow of blood is obtained, ensure that no air 

bubbles are present in the tubing and then attach a 
giving set.

8 Tape the cannula securely in position.

Other less common causes of shock in major 
trauma
Cardiogenic shock 
Inadequate heart function may result from: 

 O myocardial contusion (bruising) 
 O cardiac tamponade 
 O tension pneumothorax (preventing blood from returning 

to the heart) 
 O myocardial infarction. 

Assessment of the jugular venous pressure is essential in 
these circumstances. It will be elevated compared with 
hypovolaemic shock, where it may not be visible. 

An ECG should be recorded (if available). 

Neurogenic shock 
This is due to the loss of sympathetic tone, usually 
resulting from spinal cord injury, with the classical pres-
entation of hypotension without refl ex tachycardia or skin 
vasoconstriction.

Tension pneumothorax
See under breathing section above. This can present with 
shock as well as breathing impairment.
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Primary assessment: neurological 
failure
Head injury is the major cause of death in trauma.

Rapid assessment of the central nervous system for evi-
dence of failure includes determining the AVPU score: AVPU 
score: A = Alert, V = responds to a Voice, P= response to 
Pain, U = Unresponsive.

 O With a score of ‘P’ or ‘U’, intubation should take place 
in order to maintain and protect the airway. If there is 
no one skilled in intubation available, the patient should 
be placed in the recovery position. 

 O Remember to check for a pain response above the level 
of the clavicle, as a patient with a spinal injury may not 
be able to respond by moving their limbs.

 O Look for signs indicative of injury (e.g. bruises, lacera-
tions or haematoma) in the head and neck area.

 O Examine the pupils for size, equality and reaction to light. 
Look for other lateralising signs, such as limb weakness 
or focal seizures.

At this stage, the brain is best cared for by close atten-
tion to managing A B and C, and by correction of any 
hypoglycaemia. 

If there is evidence of raised intracranial pressure (RICP): 
 O Intubate and ventilate to maintain oxygenation, and aim 

for a pCO2 of about 4 kPa.
 O Maintain systolic blood pressure. 

 O Nurse the patient in a 30-degree head- up position.
 O Contact a neurosurgeon (if available).

Mannitol 0.5 mg/kg should be administered after first 
excluding intracranial haematoma. If this is not excluded, 
there will be temporary improvement due to relief of cerebral 
oedema, but there may be sudden worsening a short time 
later due to rapid expansion of the haematoma. An alterna-
tive is hypertonic saline (see Section 7.3.C).

Low blood glucose levels are common in child 
trauma victims, and can cause brain damage. Always 
check the blood glucose level where possible. If it is not 
possible to check it, treat any baby or small child 
immediately with 5 mL/kg of 10% glucose IV.

Analgesia in major trauma (see Section 1.15)
Pain increases fear and distress, makes the patient 

less able to cooperate, and raises intracranial pressure. If 
the patient is fully conscious and in severe pain, control of 
pain is required.

Pain relief takes several different forms:
 O Reassurance. 
 O Splinting of fractures.
 O Covering wounds, especially burns.
 O Drugs:

 — There is no place for oral or IM medication in a major 
trauma situation.

 — There are three alternatives in severe trauma: keta-
mine, morphine and Entonox.

Management of circulation
• Peripheral or intra-osseous access (see procedures)
• Direct pressure on bleeding sites
• Elevate the legs
• External jugular or femoral venous access
• Saphenous or brachial cut-down
• Fluid resuscitation if there is any evidence of shock 
• Monitor response and only continue with fluids if 

needed
• Do not give excess fluids, especially to patients 

with head or chest injuries, or malnutrition
• Consider the need for surgical intervention

If possible take blood for: 
• Cross-matching
• Haemoglobin and full blood count
• Glucose
• Electrolytes

Fluid resuscitation

Crystalloid/colloid (10 mL/kg in child or 
500 mL in mother)

Monitor response 

If no change or worse, repeat above bolus

Monitor response: if no change or worse

Blood (10 mL/kg in child or 250–500 mL in 
mother)

Urgent surgery may be needed

The most important aspect of fluid resuscitation is the 
response to a fluid challenge.
Improvement is indicated by
• Decreased heart rate
• Increased skin temperature
• Faster capillary refill
• Improved mental state
• Increased systolic blood pressure
• Improved urinary output

If the patient fails to improve, look for chest, abdominal or 
pelvic blood loss and consider surgical intervention

Cardiorespiratory arrest despite secure airway and adequate oxygenation:
• Tension pneumothorax needs emergency thoracocentesis and insertion of intercostal drain(s) 
• Exsanguination needs large fluid boluses and blood transfusion
• Pericardial tamponade needs pericardiocentesis

Warnings

FIGURE 7.3.A.2 Managing the circulation in major trauma.
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Ketamine
The positive inotropic effects of ketamine, and the fact that 
it does not affect the gag refl ex, make this a very helpful 
analgesic, especially if there is or has been shock. Repeated 
IV doses of 200 micrograms/kg followed by careful reas-
sessment are usually effective, especially during transfer 
to a more specialised hospital (if available and relevant). 

Morphine
In major trauma, 100–200 micrograms/kg morphine IV in 
a child, or 5–10 mg in a mother, is the drug of choice, fol-
lowed by careful reassessment. If the conscious level falls, 
the effect can be reversed with naloxone, showing whether 
the effect is caused by the morphine or by a worsening brain 
injury. If there is respiratory depression, fi rst ventilate with a 
bag- valve- mask before giving naloxone. 

Entonox
Entonox (a 50:50 mixture of nitrous oxide and oxygen) is 
useful, especially for limb injuries while splints are being 
applied. Do not use it in the presence of head, chest or 
abdominal trauma.

A head injury is NOT a contraindication to giving 
morphine unless there is depressed consciousness, 
when great care is needed.

Summary of primary assessment and 
resuscitation 

The injured patient should have:
 Q a team approach with an urgent call for surgical and 

anaesthetic availability
 Q a clear airway and 100% oxygen for breathing
 Q adequate respiration, achieved by manual or mechani-

cal ventilation and chest decompression when indicated
 Q venous access and an initial fl uid challenge, if indicated 

on circulatory assessment
 Q blood sent for typing and cross- matching
 Q identifi cation of the need for life- saving surgery and 

preparation under way
 Q identifi cation of any serious head injury, and attention 

paid to maximising A, B and C 
 Q cervical spine immobilisation, where appropriate

Life- threatening injuries identifi ed and treated

Injury Treatment

Airway 
obstruction

Head tilt, chin lift and jaw thrust, 
oropharyngeal airway, intubation or 
surgical airway

Tension 
pneumothorax

Needle thoracocentesis and chest 
drain

Open 
pneumothorax

Three- sided dressing, then chest 
drain

Massive 
haemothorax

IV access, chest drain and blood 
transfusion

Flail chest Intubation if needed

Cardiac 
tamponade

Pericardiocentesis

Before the secondary assessment begins, it should be 
remembered that:

ABC and neurological failure components of the primary 
assessment and resuscitation require constant re- evaluation, 
as deterioration can be rapid and unexpected.

Emergency operative treatment to control life- threatening 
haemorrhage should be performed promptly, without waiting 
for non- urgent examination and imaging.

Identifi cation of all anatomical injuries remains an impor-
tant goal, but may be overridden by pressing physiological 
requirements to ensure that oxygenated blood reaches vital 
organs in suffi cient degree. This may require emergency 
surgery before all non- life- threatening injuries have been 
identifi ed. 

Secondary assessment and emergency 
treatment
Secondary assessment and emergency treatment are 
undertaken only when the patient’s ABC’s are stable. If any 
deterioration occurs during this phase, secondary assess-
ment must be interrupted by another primary assessment 
and resuscitation.

Documentation is required for all procedures under-
taken. This involves careful examination from head to toe 
in a systematic way, including a controlled examination 
of the back, avoiding spinal movement by log- rolling 
(see Section 8.5). Clear documentation of all injuries is 
required, to serve as the basis of the subsequent manage-
ment strategy.

Shortly after the primary assessment and resuscita-
tion, various adjuncts help with protecting the patient and 
monitoring progress.

Secondary assessment: adjuncts
 Q Monitoring ECG, SaO2 and blood pressure
 Q Urinary and gastric catheters
 Q Portable X- rays of chest and pelvis
 Q Ultrasound of abdomen (if available)
 Q Adequate pain control (see below)
 Q Baseline blood tests (especially haemoglobin, cross- 

matching, biochemistry and clotting)

History
 Q Events before and after incident
 Q First aid given at scene
 Q Past medical history
 Q Medications and allergies
 Q Immunisation status
 Q Last food and drink

Adjuncts to the secondary assessment and emergency 
treatment include:

 O ECG, oxygen saturation and blood pressure monitor-
ing (as used in primary assessment and resuscitation).

 O Gastric and urinary catheters.
 O Portable X- rays of the chest, neck and pelvis.

Head examination 
This includes the following:

 O scalp and ocular abnormalities 
 O external ear and tympanic membrane 
 O periorbital soft- tissue injuries.
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Head injury patients should be suspected of having 
cervical spine injury until demonstrated otherwise.

Neck examination 
This includes the following:

 O looking for a penetrating wound
 O subcutaneous emphysema 
 O tracheal deviation 
 O neck vein appearance (JVP). 

Neurological examination 
This includes the following:

 O brain function assessment using the AVPU Scale or the 
Glasgow Coma Scale (GCS) 

 O spinal cord motor activity 
 O sensation and refl ex.

Chest examination 
This includes the following:

 O the clavicles and all ribs 
 O breath sounds and heart sounds 
 O ECG monitoring (if available).

Abdominal examination 
This includes the following:

 O look for a penetrating wound of the abdomen requiring 
surgical exploration 

 O look for blunt trauma; a nasogastric tube is inserted (but 
not in the presence of facial trauma) 

 O rectal examination (but not in children unless absolutely 
essential) 

 O insertion of urinary catheter except in children (check 
for meatal blood before insertion). 

Examination of pelvis and limbs 
This includes the following:

 O pain, tenderness on palpation
 O deformity
 O wounds.

X- rays (if possible and where indicated) 
These include the following:

 O chest X- ray and cervical spine fi lms (it is important to 
see all seven vertebrae) 

 O pelvic and long bone X- rays 
 O skull X- rays may be useful to search for fractures when 

head injury is present without focal neurological defi cit 
if CT is unavailable 

 O CT scans of the head and abdomen (if available).

Head injury
This remains the commonest cause of death and disability 
in severe trauma in children, and is dealt with in more detail 
elsewhere (see Section 7.3.C). The scalp and face are 
examined for bruising, abrasions, lacerations and evidence 
of fracture. 

Basal skull fracture is manifested by signs such as:
 O ‘raccoon eyes’ (bilateral peri- orbital haematoma), bleed-

ing from the ears or a visible haemotympanum
 O Battle’s sign (bruising over the mastoid process, which 

is a relatively late sign) 
 O CSF leakage from the nose, mouth or ears.

The AVPU Scale score or the Glasgow Coma Scale score 
is again evaluated (see Section 7.3.C), allowing a dynamic 
comparison with the primary assessment estimation, unless 
the child is now intubated and sedated. 

As infants and small children are prone to hypoglycae-
mia, it is important to consider this as a potential cause of 
altered consciousness (see Section 5.8.B).

Delay in the early assessment of head- injured patients 
can have devastating consequences in terms of survival 
and patient outcome. Hypoxia and hypotension double 
the mortality of head- injured patients. 

The following conditions are potentially life- threatening 
but diffi cult to treat in district hospitals. It is important to 
treat what you can with the expertise and resources that 
you have available, and to triage casualties carefully. 

Immediate recognition and early management of the 
following conditions are essential: 

Acute extradural haemorrhage
Classical signs consist of: 

 O loss of consciousness following a lucid interval, with 
rapid deterioration 

 O a rapid rise in intracranial pressure, due to bleeding from 
the middle meningeal artery

 O development of hemiparesis on the opposite side, with 
a fi xed pupil on the same side as the impact area. 

The management is surgical, and every effort should be 
made to do burr- hole decompressions. 

Acute subdural haematoma
There is bleeding with clotted blood in the subdural space, 
accompanied by severe contusion of the underlying brain. 
This condition results from tearing of bridging veins between 
the cortex and the dura. Again, surgery is needed, but it 
requires a neurosurgeon, not burr- holes alone. 

The following conditions should be treated with more 
conservative medical management, as neurosurgery does 
not usually improve the outcome:

 O base- of- skull fractures 
 O cerebral concussion, with temporari ly altered 

consciousness 
 O depressed skull fracture: an impaction of fragmented 

skull that may result in penetration of the underlying 
dura and brain 

 O intracerebral haematoma, which may result from acute 
injury or progressive damage secondary to contusion 

 O in children, diffuse brain swelling is a more frequent prob-
lem than bleeding; again this is managed medically, but 
apart from ventilation and general supportive therapy, 
recovery is dependent on the severity of the injury and 
the effect of the initial physiological support of ABC. 

Alteration of consciousness is the hallmark of brain 
injury. 

The most common errors in head injury evaluation and 
resuscitation are: 

 O failure to perform ABC and prioritise management
 O failure to look beyond the obvious head injury
 O failure to assess the baseline neurological examination 
 O failure to re- evaluate the patient who deteriorates.
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Management of head trauma 
The Airway, Breathing and Circulation are stabilised (and 
the cervical spine immobilised, if possible). 

Vital signs are important indicators of the patient’s 
neurological status, and must be monitored and recorded 
frequently. 

The Glasgow Coma Scale (GCS) score is interpreted 
as follows:

 O severe head injury: GCS score is ) 8 
 O moderate head injury: GCS score is 9–12 
 O minor head injury: GCS score is 13–15. 

Remember:
 O Deterioration may occur due to bleeding or brain 

swelling.
 O Unequal or dilated pupils may refl ect an increase in 

intracranial pressure.
 O Head or brain injury is never the cause of hypotension 

in the adult trauma patient.
 O Sedation should be avoided, as it decreases the level of 

consciousness, and promotes hypercarbia due to slow 
breathing with retention of CO2. 

 O The Cushing response is a late sign, refl ecting a lethal 
rise in intracranial pressure, associated with a poor 
prognosis. The hallmarks of the Cushing response are: 

 — bradycardia
 — hypertension
 — decreased and erratic respiration.

Basic medical management for severe head injuries 
includes: 

 O Intubation and ventilation, producing normocapnia 
(pCO2 in the range 4.5–5 kPa, if it is possible to monitor 
this). This will reduce both intracranial blood volume and 
intracranial pressure temporarily. 

 O Sedation with possible paralysis provided that the airway 
is fully protected by intubation and a means of assisted 
ventilation present.

 O Moderate IV fl uid input with diuresis: do not overload. 
 O Nursing with the head up at an angle of 20 degrees.
 O Prevention of hyperthermia/fever.
 O Avoidance of hypoglycaemia and electrolyte 

abnormalities.

Chest trauma
The majority of chest injuries result from blunt trauma, and 
are usually associated with injuries in other organ systems. 

Approximately 25% of deaths due to trauma are attrib-
uted to chest injury. Immediate deaths are essentially due to 
major disruption of the heart or of the great vessels. Early 
deaths due to chest trauma include airway obstruction, 
tension pneumothorax, cardiac tamponade or aspiration. 

The majority of patients with thoracic trauma can be 
managed by simple manoeuvres and do not require surgi-
cal treatment. 

Respiratory distress may be caused by: 
 O rib fractures/fl ail chest 
 O pneumothorax 
 O tension pneumothorax 
 O haemothorax 
 O pulmonary contusion (bruising) 
 O open pneumothorax 
 O aspiration. 

Haemorrhagic shock may be due to: 
 O haemothorax 
 O haemomediastinum. 

The increased compliance of the chest wall in the child is 
protective, but can make interpretation of the severity of 
injury diffi cult. Rib fractures are uncommon in the infant 
or child, but indicate that signifi cant blunt force has been 
applied. Moreover, serious chest injury can occur without 
obvious external signs of trauma. The energy that is not 
dissipated in breaking the elastic ribs may be transferred 
to the lungs, to be manifested as pulmonary contusion. 
Respiratory failure can occur quickly in infants and young 
children with chest trauma, yet the majority of chest injuries 
require no more than the insertion of an intercostal drain.

 O Thorough re- examination of the chest front and back, 
using the classical inspection–palpation–percussion–
auscultation approach, is combined with a chest X- ray.

 O Particular attention is directed to the symmetry of chest 
movement and breath sounds, the presence of surgical 
emphysema and pain, or instability on compressing 
the chest.

 O Tracheal deviation and altered heart sounds are noted.
 O On log- rolling the child, it is important to reconsider 

fl ail chest, as a posterior fl oating segment is often poorly 
tolerated in children.

Rib fractures 
Fractured ribs may occur at the point of impact, and 
damage to the underlying lung may produce lung bruising 
or puncture. The ribs usually become fairly stable within 
10 days to 2 weeks. Firm healing with callus formation is 
seen after about 6 weeks. 

Flail chest 
The unstable segment moves separately and in an oppo-
site direction from the rest of the thoracic cage during the 
respiration cycle. Severe respiratory distress may ensue. 
Treatment is by analgesia, as breathing is painful, and 
shallow breathing may predispose to pneumonia in this 
situation. In severe cases, ventilation is needed in children 
but not usually in adults.

Pneumothorax
 O A tension pneumothorax develops when air enters 

the pleural space but cannot leave, increasing the com-
pression of the underlying lung with each breath. The 
consequence is progressively increasing intra- thoracic 
pressure in the affected side, resulting in mediastinal 
shift. The trachea may be displaced (late sign) and is 
pushed away from the midline by the air under tension. 
The patient will become short of breath and hypoxic. 
Urgent needle decompression (thoracocentesis) is 
required prior to the insertion of an intercostal drain. 

 O A simple pneumothorax can be diagnosed by X- ray or 
ultrasound scanning and, although not life- threatening, 
may be associated with signifi cant underlying lung injury. 
All traumatic pneumothoraces require close observa-
tion. Small ones often absorb spontaneously, but larger 
ones frequently require chest drainage. 

 O Open pneumothoraces, or sucking chest wounds, 
allow bidirectional fl ow of air through a chest wall defect. 
The lung on the affected side is exposed to atmos-
pheric pressure with lung collapse and a shift of the 
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mediastinum to the uninvolved side. This must be 
treated rapidly. In compromised patients, intercostal 
drains, intubation and positive pressure ventilation are 
often required. Alternatively, they can be treated by 
applying an occlusive dressing, taped on three sides to 
serve as a fl ap valve, followed by insertion of a chest 
drain remote from the site of injury. A better dressing is 
the customised Asherman chest seal, which consists of 
an adhesive ring, similar to that on a colostomy stoma 
bag, which projects into a pipe- shaped flap valve, 
resembling that in a Heimlich valve. Beware of the 
possibility of a tension pneumothorax developing 
when one of these is used. 

Pulmonary contusion 
This is usually caused by blunt trauma, and may occur in 
association with rib fractures with or without a fl ail segment. 
It is common after chest trauma, and is a potentially life- 
threatening condition. The onset of symptoms may be slow, 
progressing over 24 hours post- injury. Pulmonary contusion 
is likely to occur in cases of high- speed accidents, falls from 
great heights, and injuries by high- velocity bullets. 

Symptoms and signs include: 
 O dyspnoea 
 O cyanosis 
 O sparse or absent breath sounds 
 O hypoxaemia 
 O tachycardia. 

Treatment involves supplemental oxygen, careful fl uid man-
agement and particular attention to pain relief. Endotracheal 
intubation may be necessary in severe cases.

Traumatic haemothorax 
This is more common in penetrating than in non- penetrating 
injuries to the chest. If the haemorrhage is severe, hypovol-
aemic shock will occur, and also respiratory distress due to 
compression of the lung on the involved side. 

Optimal therapy consists of the placement of a large 
chest tube and the concomitant replacement of lost blood. 
In some instances where the bleeding continues and is 
signifi cant, open chest surgery is necessary to stop the 
bleeding (see below).

 O A haemothorax of 500–1500 mL in pregnancy, or 
10–30 mL/kg in a child, that stops bleeding after inser-
tion of an intercostal catheter, can generally be treated 
by closed drainage alone 

 O A haemothorax of greater than 1500–2000 mL in preg-
nancy, or > 30 mL/kg in a child, with continued bleeding 
of more than 200–300 mL per hour in pregnancy or 
> 5 mL/kg per hour in a child, is an indication for further 
investigation e.g. thoracotomy.

The injuries listed below are also possible in severe trauma, 
but carry a high mortality even in regional centres.
1 Myocardial contusion: This is associated, in blunt 

chest trauma, with fractures of the sternum or ribs. The 
diagnosis is supported by abnormalities on ECG and 
elevation of serial cardiac enzymes (if available). Cardiac 
contusion can simulate a myocardial infarction. The 
patient must be closely observed, with cardiac monitor-
ing (if available). This type of injury is more common than 
is often realised, and may be a cause of sudden death 
some time after the accident. 

2 Pericardial tamponade: Penetrating cardiac injuries 
are a leading cause of death in young men in some 
notorious urban areas, but rare in other settings. It is 
rare to have pericardial tamponade with blunt trauma. 
Pericardiocentesis must be undertaken early if this injury 
is considered likely (see Section 8.4.B for method). Look 
for pericardial tamponade in patients with: 

 O shock 
 O distended neck veins 
 O no pneumothorax 
 O muffl ed heart sounds. 

3 Thoracic great vessel injuries: Injury to the pulmonary 
veins and arteries is often fatal, and is one of the major 
causes of on- site death. 

4 Rupture of the trachea or major bronchi: This is a 
serious injury with an overall estimated mortality of at 
least 50%. The majority (80%) of the ruptures of bronchi 
are within 2.5 cm of the carina. 

The usual signs of tracheobronchial disruption are: 
 O haemoptysis 
 O dyspnoea 
 O subcutaneous and mediastinal emphysema 
 O occasionally cyanosis. 

Trauma to the oesophagus
This is rare in patients with blunt trauma, and more frequent 
in association with penetrating injury. It is lethal if unrecog-
nised, because of mediastinitis. Patients often complain 
of sudden sharp pain in the epigastrium and chest, with 
radiation to the back. Dyspnoea, cyanosis and shock occur, 
but these may be late features. Urgent IV broad- spectrum 
antibiotics covering both aerobic and anaerobic organisms, 
as well as nil- by- mouth nursing, are required. 

Diaphragmatic injuries 
These may occur in association with either blunt or pen-
etrating chest trauma, paralleling the rise in frequency of 
road traffi c accidents. The diagnosis is often missed. 

Diaphragmatic injuries should be suspected in any 
penetrating thoracic wound which is: 

 O below the fourth intercostal space anteriorly 
 O below the sixth interspace laterally 
 O below the eighth interspace posteriorly. 

These injuries are more commonly seen on the left side. 

Thoracic aorta rupture
This occurs in patients who are exposed to severe decel-
erating forces, such as high- speed car accidents or a fall 
from a great height. It has a very high mortality due to rapid 
exsanguination; the total adult blood volume of 5 litres may 
be lost in the fi rst minute following injury. 

Abdominal trauma
Abdominal injuries are common and, if unrecognised, may 
prove fatal. Any patient involved in any serious accident 
should be considered to have an abdominal injury until it 
has been ruled out.

Severe visceral injuries occur more frequently in children 
than in adults especially to the liver because of its relative 
size and lack of protection by the ribs in the young child. 
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Unexplained blood loss evident during the primary assess-
ment may be due to intra- abdominal haemorrhage.

The abdomen is a classical silent area after trauma. It 
has to be actively cleared of injury rather than simply noted 
to be soft and non- tender, especially in the face of altered 
consciousness.

Cardiovascular decompensation may occur late and 
precipitously.

The organ most commonly injured in penetrating trauma 
is the liver, and in blunt trauma the spleen is often torn and 
ruptured. This is especially the case in children, in whom 
these organs are poorly protected by ribs and muscles, and 
especially where chronic illness may cause enlargement 
and fragility of the liver and spleen.

Thorough history taking and a careful examination of 
the abdomen may give clues to the origin of bleeding or 
perforation.

Gastric distension may cause respiratory embarrass-
ment, and a gastric tube should be placed.

In order to gain the cooperation of a frightened child, 
place the examiner’s hand over the mother’s hand to 
undertake palpation.

There are two basic categories of abdominal trauma: 
1 Penetrating trauma, where the need for surgical con-

sultation is urgent. For example: 
 O gunshot
 O stabbing.

2 Non- penetrating trauma. For example: 
 O compression injuries
 O crushing injuries
 O seat- belt injuries
 O acceleration/deceleration injuries.

About 20% of trauma patients with acute haemoperitoneum 
have no signs of peritoneal irritation at the fi rst examination, 
and repeated primary assessment must be undertaken. 

Blunt trauma can be very diffi cult to evaluate, especially 
in the unconscious patient. These patients may need a peri-
toneal lavage although where ultrasound and/or abdominal 
CT is available, peritoneal lavage has been superceded. 
However, an exploratory laparotomy may be the best defi ni-
tive procedure if abdominal injury needs to be excluded. 

Complete physical examination of the abdomen 
includes rectal examination (although this should be avoided 
in children as a routine, and only performed if clinically 
indicated), assessing: 

 O sphincter tone 
 O integrity of the rectal wall 
 O blood in the rectum 
 O prostate position in adults. 

Remember to check for blood at the external urethral 
meatus. 

Women and girls of childbearing age should be con-
sidered pregnant until pregnancy has been excluded. The 
fetus may be salvageable, and the best treatment of the 
fetus is resuscitation of the mother. A pregnant mother at 
term, however, can usually be resuscitated properly only 
after delivery of the baby. This diffi cult situation must be 
assessed at the time (see Section 1.13). 

The diagnostic peritoneal lavage (DPL) may be helpful 
for determining the presence of blood or enteric fl uid due to 
intra- abdominal injury. The results can be highly suggestive, 

but it is overstated as an important diagnostic tool. If there 
is any doubt, a laparotomy is still the gold standard. 

The indications for DPL include: 
 O unexplained abdominal pain 
 O trauma of the lower part of the chest 
 O hypotension, and a fall in haematocrit with no obvious 

explanation 
 O any patient with abdominal trauma who has an altered 

mental state
 O any patient with abdominal trauma and spinal cord 

injuries 
 O pelvic fractures. 

The relative contraindications to DPL are: 
 O pregnancy 
 O previous abdominal surgery 
 O operator inexperience 
 O if the result would not change your management (e.g. if 

laparotomy is planned). 

Other specifi c issues with regard to 
abdominal trauma

 O Pelvic fractures are often complicated by massive 
haemorrhage and urological injury. 

 O It is important to examine the rectum for the presence 
of blood and for evidence of rectal or perineal laceration 
(see above for the approach in children).

 O X- ray of the pelvis may be valuable, if clinical diagnosis 
is diffi cult.

The management of pelvic fractures includes: 
 O resuscitation (ABC) 
 O transfusion 
 O immobilisation and assessment for surgery 
 O analgesia. 

In a severely injured child, a urinary catheter should be 
inserted. This may be omitted in small babies and in less 
severely injured children. Small boys are particularly prone 
to urethral stricture after catheterisation. If the mechanism 
of injury is of concern, it is important to exclude renal tract 
injury by examining the fi rst urine for red blood cells.

Management of severe abdominal 
injury
Abdominal ultrasound (and CT scanning, if available) have 
become invaluable adjuncts to the secondary assessment, 
not only for diagnosing intra- abdominal injury, but also for 
monitoring progress when a defi ned injury is being man-
aged conservatively. 

Bleeding from solid organs may not show up immedi-
ately in the resuscitation room, and evidence of hollow- organ 
rupture may take 24 hours or more to show as free fl uid 
on ultrasound. This commits the trauma team to a high 
index of suspicion well beyond the classical ‘golden hour’. 
This phrase indicates the importance of prompt identifi ca-
tion and resuscitation of Airway, Breathing or Circulation 
problems that, without intervention, would lead to further 
damage from hypoxia and hypovolaemia being suffered by 
the injured patient.

Patients with refractory shock, penetrating injuries or 
signs of perforation require laparotomy.

Other injuries may be managed conservatively. After 
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initial fl uid transfusion, an experienced surgeon may decide 
that bleeding from an injured spleen, liver or kidney does 
not require immediate operative intervention. CT scanning 
(if available) is an invaluable aid to decision making.

Splenic injury is relatively common, and can occur after 
relatively minor trauma, especially if the spleen is enlarged fol-
lowing an infl ammatory process or infection, notably malaria. 
Signs include left upper quadrant pain and tenderness, with 
referred pain to the shoulder tip. Non- operative manage-
ment is used frequently in many centres, but long- term 
problems of splenectomy are insignifi cant by comparison 
with the potential consequences of inadequate supervision 
of conservative management which requires careful moni-
toring and fl uid management with on- site, round-the-clock 
theatre, anaesthetic and surgical availability: all of which are 
diffi cult to provide in a low resource setting. 

Increasingly, liver injuries are also being managed 
conservatively. Unlike the relatively straightforward opera-
tion of splenectomy, operative liver repair or resection is 
hazardous, and packing plays a major role in the operative 
management of uncontrolled hepatic bleeding.

Injuries to the retroperitoneal organs, such as the kid-
neys or pancreas, may present with vague or atypical signs, 
again requiring a high index of suspicion. A signifi cant kidney 
injury does not always cause demonstrable haematuria. 

Ultrasound studies and dynamic contrast CT scans 
(if available) may provide valuable information on renal 
structure and function, but false- negative results commonly 
occur. Intravenous urography remains useful for demon-
strating the details of renal and ureteric injury, especially in 
centres without a CT scanner. Pancreatic injury may occur 
with a normal amylase level, and the amylase level may be 
raised in the absence of pancreatic damage. 

Spinal trauma (see Section 4.2.D)
Management of spinal cord injuries is particularly diffi cult 
in resource- limited settings, where spinal surgery may not 
be available within the country. Usually patients in these 
settings have not been handled carefully during transport 
from the site of injury to the hospital. Decisions have to be 
made as to whether or not cervical spinal immobilisation 
is appropriate, especially if it could interfere with airway 
resuscitation.

Spinal injury should be ruled out in any patient who has 
been subject to a mechanism of injury capable of damaging 
the spine. This seemingly obvious statement highlights the 
fact that it is often surprisingly diffi cult to ascertain whether 
there has been an injury to the spine or not, particularly in 
the face of a concomitant head injury, or in a child who is 
too young to communicate. 

Even in an alert older child, distracting pain from a limb 
injury may lead the patient to ignore and deny neck pain, 
even when a spinal fracture exists. Radiological clear-
ance in children is further complicated by the diffi culty of 
interpreting X- rays of immature bones (see Section 7.3.B), 
and by the relative laxity of ligaments, which gives rise to 
pseudo- subluxation. 

Be aware of the signifi cant incidence of spinal cord 
injury without radiological abnormality (SCIWORA) in 
children.

Spinal injury is less common in children than in adults, 
partly because of the elasticity of the bones and ligaments. 
This same elasticity contributes to the different patterns of 
spinal injury that are seen. In the cervical spine, for example, 

injuries tend to occur at a higher level than in adults, and 
often span several segments rather than dissipating energy 
in fracturing a single vertebra.

Examination of potentially spine- injured patients must 
be carried out with the patient in the neutral position (i.e. 
without fl exion, extension or rotation), and without any 
movement of the spine. 

The patient should be: 
 O log- rolled
 O properly immobilised (using in- line immobilisation, a stiff 

neck cervical collar or sandbags) 
 O transported in the neutral position. 

With vertebral injury (which may overlie spinal cord injury), 
look for: 

 O local tenderness 
 O deformities, as well as (for a posterior spinal cord injury) 

oedema. 

Clinical fi ndings pointing to injury of the cervical spine 
include: 

 O diffi culties in respiration (diaphragmatic breathing; check 
for paradoxical breathing) 

 O fl accidity, with no refl exes (check the rectal sphincter) 
 O hypotension with bradycardia (without hypovolaemia). 

The entire spine should be palpated during a log- roll, when 
the patient is turned on to their side in a controlled way, 
keeping the spine in line. The presence of palpable steps, 
bogginess or tenderness should be noted. The limbs 
should be examined for sensory and motor signs of focal 
or segmental defi cit. 

Neurological assessment 
Assessment of the level of injury must be undertaken. If the 
patient is conscious, ask him/her questions relevant to their 
sensation, and ask them to try to make minor movements, 
to enable you to assess motor function of the upper and 
lower extremities. 

Key refl ex assessment to determine the level of the 
lesion is summarised below.

Motor response 
 O Diaphragm intact level C3, C4, C5
 O Shoulder shrug C4
 O Elbow fl exion (biceps) C5
 O Wrist extension C6
 O Elbow extension C7
 O Wrist fl exion C7
 O Abduction of fi ngers C8
 O Active chest expansion Tl- T12
 O Hip fl exion L2
 O Knee extension L3- L4
 O Ankle dorsifl exion L5- S 1
 O Ankle plantarfl exion S1- S2

Sensory response
 O Anterior thigh L2
 O Anterior knee L3
 O Anterolateral ankle L4
 O Dorsum great and 2nd toe L5
 O Lateral side of foot Sl
 O Posterior calf S2
 O Peri- anal and perineal sensation S2- S5 
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If no sensory or motor function is exhibited, with a com-
plete spinal cord lesion, the chance of recovery is small.

A diaphragmatic breathing pattern, bradycardia, hypo-
tension, peripheral vasodilatation and priapism suggest 
spinal cord injury. 

Throughout the primary and secondary assessments, 
precautions for spinal protection should ideally be main-
tained, using a hard collar and side- supports (blocks and 
straps or sandbags and tape), except for airway procedures 
and local examination, when manual in- line immobilisation 
is reinstituted.

If the patient is alert, able to communicate clearly and 
has no distracting pain from another injury, the spine can 
be cleared clinically without resorting to X- rays. Otherwise, 
ideally spinal precautions are maintained until radiological 
clearance is achieved and the patient is re- examined. 

If possible, three X- rays of the cervical spine should 
be taken: cross- table lateral view with arm traction to 
reveal the C7- T1 interface; antero- posterior view and 
transoral odontoid peg view. These must be assessed by 
an experienced professional (if available), paying particular 
attention to the soft tissues as well as the bony structures 
(see Section 7.3.B).

If the mechanism of injury warrants it, thoracic and 
lumbar views are also required.

If the lower cervical spine is not adequately visualised 
on the lateral view, oblique views are requested. If the 
X- rays are inadequate or show suspicious areas, CT scan-
ning (if available) is recommended to confi rm or exclude a 
fracture. The MRI scan provides a better examination of 
neural, ligamentous and other soft tissues, although its 
sensitivity reveals minor as well as major tissue injury, mak-
ing interpretation more diffi cult. It remains expensive and 
is not universally available. The MRI scanner is a frighten-
ing environment for an unsedated child, and the powerful 
magnetic fi eld creates challenging logistical problems for 
the monitoring equipment applied to the patient.

Other neurological injuries include damaged nerves to 
fi ngers and the brachial plexus.

Pelvic trauma
Pelvic injury remains a potentially life- threatening injury, 
especially if it is associated with a large retroperitoneal 
haematoma, or if the fracture site communicates with the 
rectum. External fi xation of the pelvis may be valuable in 
controlling major venous haemorrhage.

Arterial bleeding may be controlled by embolisation (if 
available).The suitability of these techniques depends on the 
particular confi guration of the fracture. It may be diffi cult to 
distinguish retroperitoneal haemorrhage from intraperitoneal 
haemorrhage, the latter requiring laparotomy. 

In the absence of suitable equipment, tight compres-
sive binding of the pelvis may help bleeding vessels to clot, 
although this is not practical in the presence of advanced 
pregnancy.

The purpose of pelvic binding is to reduce the volume of 
the pelvis thus tamponading any haemorrhage, as well as 
providing biomechanical stabilisation. This can be achieved 
by wrapping a folded sheet around the pelvis. The sheet 
should centre on the greater trochanters and extend to the 
iliac crests. Taping the thighs or the feet together also helps 
maintain the anatomical position of the pelvis.

Not all pelvic trauma is serious. Some pubic rami 

fractures are minor injuries, with little intervention required. 
Nevertheless, the pelvis is a ring structure that tends to 
break in two places. On inspecting the pelvic X- ray, careful 
attention should be paid to the sacro- iliac joints and sacral 
foramina, to seek subtle evidence of a second break in 
the ring.

Limb trauma
In general, limb fractures in children are more likely to be 
managed conservatively than those in adults, refl ecting 
the child’s capacity to heal, and the risk of interfering with 
growth plates. An understanding of the Salter–Harris clas-
sifi cation of epiphyseal fractures is essential, and access 
to a radiological atlas of developmental stages is helpful 
(see Section 7.2).

Examination must include: 
 O skin colour and temperature 
 O distal pulse assessment 
 O grazes and bleeding sites 
 O limb’s alignment and deformities 
 O active and passive movements 
 O unusual movements and crepitation 
 O the severity of pain caused by injury. 

Management of extremity injuries
Aim to: 

 O keep blood fl owing to peripheral tissues 
 O prevent infection and skin necrosis 
 O prevent damage to peripheral nerves. 

Special issues relating to limb trauma 
Stop active bleeding by applying direct pressure, rather 
than by using a tourniquet, as the latter can be left on by 
mistake, and this can result in ischaemic damage. 

Open fractures
Any wound situated in the vicinity of a fracture must be 
regarded as a communicating one. 

Principles of the treatment are to: 
 O stop external bleeding
 O immobilise, and relieve pain.

Amputated parts of extremities (such as fi ngers) should 
be covered with sterile gauze towels which are moistened 
and put into a sterile plastic bag. A non- cooled amputated 
part may be used within 6 hours after the injury, and a 
cooled one as late as 18–20 hours after it. This practice is 
only worthwhile if facilities for reimplantation are available.

Early fasciotomy 
Compartment syndrome is fairly common, and often under-
estimated. This condition is caused by an increase in the 
internal pressure of fascial compartments, which may result 
from crush injuries, fractures, intramuscular haematomas 
or amputations. This causes compression of vessels, with 
resultant hypoperfusion and hypoxia of tissues, including 
peripheral nerves.

Compartment syndrome is recognised by the following 
signs in a fractured or otherwise injured limb:

 O pain, accentuated by passive stretching of the involved 
muscles

 O decreased sensation
 O swelling
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 O limb pallor
 O limb paralysis
 O absence of limb pulse.

The fi nal result of this compartment syndrome is ischaemic 
(or even necrotic) muscles with restricted function.

Fasciotomy involves cutting the fascial bands around 
the affected muscle to release the pressure within the com-
partment, allowing the tissues to re- perfuse. The procedure 
requires a good knowledge of the relevant anatomy, and is 
usually performed by an orthopaedic surgeon.

Special issues with regard to major 
trauma in pregnancy
Road traffi c accidents are the most common cause of major 
trauma in pregnancy. Intimate partner violence starts or 
increases during pregnancy, and 40% of women who are 
murdered are killed by a current or former partner. 

Anatomical and physiological changes of 
pregnancy and the management of trauma
The anatomical and physiological changes that occur in 
pregnancy are extremely important in the assessment and 
resuscitation of the pregnant trauma patient. 

Anatomical changes 
 O As the uterus increases in size during pregnancy, it 

becomes more vulnerable to damage by both blunt 
and penetrating injury. Before 12 weeks of gestation it 
is protected by the bony pelvis, but thereafter it is an 
abdominal organ. The uterine fundus reaches the umbili-
cus at 20 weeks, and the xiphisternum at 36 weeks. 

 O In the fi rst trimester, the fetus is well protected by the 
thick- walled uterus and relatively large amounts of amni-
otic fl uid. As the pregnancy progresses, the uterine wall 
becomes thinner, providing less protection for the fetus.

 O In late pregnancy, the uterus and its contents shield 
the maternal abdominal contents, providing a degree 
of protection for the maternal viscera, at the expense 
of fetal well- being.

Physiological changes in pregnancy
These include the following:

 O increased tidal volume 
 O blood volume increases by 40% to 100 mL/kg 
 O basal heart rate increases to 85–90 bpm
 O 30% increased cardiac output 
 O a fall in blood pressure of 5–15 mmHg
 O aortocaval compression as the uterus increases in size 

from 20 weeks’ gestation, with the potential for reduced 
cardiac output

 O upward displacement of the diaphragm as the uterus 
increases in size, with an impact on lung volume, and 
predisposing to gastro- oesophageal refl ux.

Special issues in the traumatised pregnant 
woman or girl 
Blunt trauma may lead to:

 O haemorrhage from abdominal organs, notably the 
spleen and liver

 O uterine irritability and premature labour
 O partial or complete uterine rupture

 O partial or complete placental separation (up to 48 hours 
after trauma)

 O fetal death
 O fetal distress.

Pelvic fractures may be associated with severe blood loss.

What are the priorities? 
 O Assessment and resuscitation according to the ABC 

and neurological failure structured approach.
 O Resuscitation in the left lateral position after 20 weeks’ 

gestation, to avoid aortocaval compression: remember 
the left lateral tilt. 

 O Assessment of fundal height and tenderness, and fetal 
heart rate monitoring as appropriate. 

 O Vaginal examination or speculum examination to assess 
vaginal bleeding, cervical dilatation and rupture of 
membranes.

If placenta praevia is known or suspected, digital vaginal 
examination should not be performed, as major haem-
orrhage may occur. Careful speculum examination is 
acceptable.

It is important to be alert to signs of hypovolaemia, 
which are delayed in pregnancy as the mother has a higher 
circulating volume. Hypovolaemia may compromise the 
fetus before the mother’s vital signs become abnormal. A 
fall in maternal blood pressure is a late and ominous sign.

Resuscitation of the mother may save the baby as well. 
There are times when the mother’s life is at risk and the 
fetus may need to be delivered in order to save the mother. 

Action plan
1 Call for the most senior help available.
2 Perform standard primary assessment and resuscitation.
3 In addition:

 O Assess fetal well- being. Use ultrasound examination 
to detect the fetal heart rate and to identify any retro- 
placental or intra- abdominal bleeding. Ultrasound 
is also useful for ascertaining the presentation of 
the fetus; transverse lie may suggest rupture of the 
uterus.

 O Consider whether Caesarean section is indicated for 
maternal or fetal reasons.

Indications for Caesarean section (if facilities 
are available to perform it safely)
These include the following:

 O cardiac arrest
 O uterine rupture
 O inadequate exposure during laparotomy for other 

abdominal trauma
 O placental abruption
 O an unstable pelvic or lumbo- sacral fracture with the 

patient in labour
 O fetal distress with a viable fetus.

Peri- mortem Caesarean section
This should be undertaken when maternal cardiac output 
has not been restored by initial cardiopulmonary resuscita-
tion (CPR). Delivery should ideally be accomplished within 
5 minutes of cardiac arrest.

The rationale behind peri- mortem Caesarean section 
is as follows:
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 O improvement in maternal cardiac output due to relief of 
aortocaval compression

 O improvement in maternal oxygenation 
 O greater effi cacy of CPR due to better access
 O better chance of fetal survival if in third trimester.

Peri- mortem Caesarean section should be undertaken 
with a left lateral tilt of 15–30 degrees, or preferably with 
manual displacement of the uterus. CPR should continue 
throughout, until cardiac output is restored. The operation 
should take place at the scene of cardiac arrest, rather than 
after moving the patient to the operating theatre, which 
wastes precious time. Blood loss is minimal until cardiac 
output resumes. The woman can be moved to the operat-
ing theatre once cardiac output is restored. The fetus may 
survive, but this is a secondary consideration. The aim of 
peri- mortem Caesarean section is to save the mother’s life, 
as resuscitation is more likely to be effective if the gravid 
uterus is emptied.

Secondary assessment
Left lateral tilt should be maintained throughout the assess-
ment, in order to minimise aortocaval compression. If spinal 
injury is suspected, manual displacement of the uterus 
should be undertaken instead.

Specifi c types of trauma
Blunt trauma 
The three commonest causes are road traffi c accidents, 
falls and intimate partner violence.

Uterine rupture due to blunt trauma is relatively rare. 
Blunt trauma to the abdomen may cause placental 

abruption. Kleihauer testing, if available, is useful for detect-
ing feto–maternal haemorrhage as an indicator of placental 
damage. Detection of intra- abdominal haemorrhage may be 
diffi cult in pregnancy, so laparotomy should be considered. 
Remember that the mother may lose a third of her blood 
volume before the vital signs become abnormal.

Penetrating abdominal wounds
Knife and gunshot wounds are the most common. 
Penetrating injuries can cause uterine injury at any stage 
of pregnancy. The uterus, fetus and amniotic fl uid reduce 
injury to the mother by absorbing energy and displacing 
bowel upwards and to the side. Penetrating injuries above 
the uterus may cause extensive gastrointestinal and vas-
cular damage. Exploratory laparotomy is usually required 
in the management of penetrating abdominal wounds, in 
pregnancy as in the non- pregnant patient. 

Thoracic trauma
Injury to major thoracic structures is particularly dangerous 
in pregnancy, due to the combination of pre- existing relative 
aortocaval compression, reduced respiratory excursion and 

increased oxygen requirement. However, most injuries can 
be identifi ed by careful assessment, and managed with 
simple measures, including left lateral tilt and facial oxygen.

Special issues with regard to major 
trauma in children
Trauma is a leading cause of death for all children, with a 
higher incidence in boys. The survival of children who sus-
tain major trauma depends on the severity of the trauma, 
effective pre- hospital care and early resuscitation. 

The initial assessment of the paediatric trauma patient is 
identical to that of the adult. The fi rst priority is the Airway, 
Breathing and Circulation, then early neurological assess-
ment, and fi nally exposing the child for full examination, 
without loss of heat. 

TABLE 7.3.A.5 Paediatric ‘normal’ values are helpful as follows:

Variable < 1 year 1–2 years 2–5 years 5–12 years > 12 years

Respiratory rate (breaths/minute) 30–40 25–35 25–30 20–25 15–20

Heart rate (beats/minute) 110–160 100–150 95–140 80–120 60–100

Systolic blood pressure (mmHg) 
50th centile

80–90 85–95 85–100 90–110 100–120

Primary 
assessment 
and 
resuscitation

Airway: increased risk of aspiration – early 
gastric tube

Breathing: if chest drain is needed, place at 
higher level (3rd or 4th intercostal space)

Circulation: left lateral tilt

Abnormalities in pulse rate, blood pressure 
and capillary refi ll are late because of 
hypervolaemia of pregnancy

‘Targeted resuscitation’ with IV crystalloids, 
colloid or blood

Neurological failure: convulsions may be 
due to eclampsia as well as head injury

Secondary assessment and emergency treatment:
Assess for:

 O Ruptured uterus and placental abruption after blunt 
trauma to abdomen (including seat- belt injury). Uterine 
tenderness, vaginal bleeding, shock all occur. They may be 
indistinguishable clinically. Scan may show fetal death or 
intra- abdominal fl uid (blood)

 O Rupture of membranes (by speculum)
 O Fetal distress

Evidence of intra- abdominal bleeding or injury to abdominal 
organs

Consider bowel injury (compressed by uterus and therefore 
more vulnerable to blunt trauma or penetrating injuries)

Ensure anti- tetanus measures

X- rays as needed

On discharge from hospital, patient to report abdominal pain, 
decreased fetal movements, vaginal bleeding or fl uid leakage

Pathway of care: trauma in pregnancy.
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Specifi c resuscitation and intubation issues 
in children

 O The head, tongue and nasal airway are relatively large.
 O The angle of the jaw is greater, the larynx is higher 

and the epiglottis is proportionally larger and more ‘U’ 
shaped.

 O The cricoid is the narrowest part of the larynx, which lim-
its the size of the endotracheal tube. By adulthood, the 
larynx has grown and the narrowest part is at the cords. 

 O Obligatory nose breathing occurs in small babies.
 O The trachea in the full- term newborn is about 4 cm long, 

and will admit a 2.5 or 3.5 mm diameter endotracheal 
tube. (The adult trachea is about 12 cm long.) 

 O Gastric distension is common following resuscitation, 
and a nasogastric tube is useful for decompressing 
the stomach. 

If tracheal intubation is required, avoid using cuffed tubes in 
children under 10 years of age, so as to minimise subglottic 
swelling and ulceration. Oral intubation is easier than nasal 
intubation for infants and young children. 

Shock in the paediatric patient 
The femoral artery in the groin and the brachial artery in 
the antecubital fossa are the best sites at which to palpate 
pulses in the child. If the child is pulseless, cardiopulmonary 
resuscitation should be commenced. 

Signs of shock in paediatric patients include: 
 O tachycardia 
 O weak or absent peripheral pulses 
 O capillary refi ll time > 3 seconds 
 O tachypnoea 
 O agitation 
 O drowsiness 
 O poor urine output. 

Hypotension is a late sign, even in the presence of severe 
shock. 

A normal urine output is 1–2 mL/kg/hour for the infant 
and 0.5–1 mL/kg/hour in the older child.

Hypothermia is a major problem in children because of 
their relatively large surface area. They lose proportionally 
more heat through the head. All fl uids should be warmed. 
Exposure of the child is necessary for assessment, but 
cover them as soon as possible.

Continuing care for patients who have 
suffered major trauma
Tetanus prophylaxis
This is often forgotten in the management of severe trauma. 
In the fully immunised patient, an additional booster will 
depend on a clinical decision as to the possibility of expo-
sure to contamination, the severity of injury and the timing 
of the last tetanus immunisation. In an unimmunised or 
incompletely immunised patient, tetanus immunoglobulin 
should be given and a full course of or a completing course 
of tetanus toxoid started (using a different limb to the one 
receiving the immunoglobulin).

Guidance on tetanus- prone wounds
These include the following:

 O compound fractures 
 O deep penetrating wounds 
 O wounds containing foreign bodies (especially wood 

splinters)
 O wounds complicated by pyogenic infections
 O wounds with extensive tissue damage (e.g. crush inju-

ries, contusions or burns)
 O any wound that is obviously contaminated with soil, 

dust or horse manure (especially if topical disinfection 
is delayed for more than 4 hours). 

TABLE 7.3.A.6 Guidance on the use of tetanus immunoglobulin and tetanus toxoid

History of tetanus vaccination Type of wound Tetanus vaccine booster 
(see below)

Tetanus immunoglobulin

* 3 doses < 5 years since last dose All wounds No No

5–10 years since last dose Clean minor wounds No No

All other wounds Yes No

> 10 years since last dose All wounds Yes No

< 3 doses or uncertain Clean minor wounds Yes No

All other wounds Yes Yes

Transfer
Not every hospital has the resources and expertise to safely 
care for injured pregnant women or girls and children. 
Ideally, children with serious injuries should be transported 
directly from the scene of the accident to a centre with 
such capability (if one exists in the country). Even then, 
geographical constraints may render transfer unsafe.

Patients should be transported only if they are going to 
a facility that can provide a higher level of care.

Even when the transfer is urgent, it is essential to achieve 
physiological stability before embarking on a hazardous 
journey in the isolated environment of the ambulance. 
There is always physiological deterioration during transfer. 
Thorough assessment should take place prior to transfer, 

to exclude coexisting life- threatening conditions which may 
be amenable to treatment on site. For example, a child with 
a head injury should not be transferred in a hypotensive 
condition caused by unrecognised and untreated intra- 
abdominal bleeding.

It is essential that there is effective communication with: 
 O the receiving centre 
 O the transport service
 O escorting personnel
 O the patient and their relatives. 

Communication between the referring and admitting 
clinicians is necessary, not only to agree that transfer 
is indicated, but also to establish guidelines for care in 
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transit, and to warn the receiving centre when the patient 
is expected to arrive.

Effective stabilisation necessitates: 
 O prompt effective initial resuscitation 
 O control of haemorrhage and maintenance of the 

circulation 
 O immobilisation of fractures
 O analgesia. 

If the patient deteriorates, re- evaluate them by using 
the primary assessment, checking and treating life- 
threatening conditions, and then make a careful 
assessment focusing on the injuries area. 

Inter- hospital transfer requires careful planning, to 
provide: 

 O trained medical and nursing escorts
 O simple compact robust equipment 
 O drugs for resuscitation, sedation, pain relief and muscle 

relaxation
 O fl uids and blood products if indicated 
 O a suitable vehicle and ambulance staff.

In trauma care, some transfers are time- limited (e.g. to 
evacuate an extradural haematoma). In such cases, the 
extra time taken for a retrieval team to reach the referring 
hospital may offset the benefi t of their specialised skills. 

Peri- operative care in major trauma
In the operating theatre, defi nitive anatomical reduction, 
repair or resection of individual injuries takes place. While 
the surgical team focuses on anatomical correction, the 
anaesthetic team maintains physiological system control. 
The impetus and sense of urgency evident in the Emergency 
Department should be maintained, without losing the thor-
oughness necessary to manage all aspects of care.

If the patient has a signifi cant head injury, the anaesthetic 

agents should be chosen to avoid increasing intracranial 
pressure or cerebral blood fl ow. In general, this means 
avoiding high doses of volatile agents such as halothane 
or isofl urane. Ketamine has long been considered to be 
contraindicated in head injury, although there is recent 
evidence that challenges this view. It may be the only 
anaesthetic available. 

If the child is undergoing lengthy extracranial surgery 
in the face of a severe head injury, it is wise to observe the 
pupils at frequent intervals.

Maintaining the child’s core temperature is a key aim 
during prolonged surgery. Hypothermia impairs platelet 
function and increases the risk of infection, although it has 
been claimed to help to preserve brain function in severe 
head injury. 

High- dependency care
In the immediate management of the injured patient, the 
focus was on physiological assessment and intervention 
using an ABC structured approach, followed by anatomical 
assessment and defi nitive care. 

When high- dependency care is instituted, physiological 
stabilisation again becomes the main concern, although it 
is important to remain alert to the possibility of any further 
injuries that were not evident in the secondary assessment. 
Detailed physiological control is facilitated by monitoring 
and good nursing. 

See Section 1.14 for further information.

Step- down care and rehabilitation
High- dependency care, acute ward care and rehabilitation 
serve to minimise disability, rather than infl uence mortal-
ity, which is already largely determined by this time. The 
emphasis shifts towards integration back into normal life, 
physically and psychologically, although the course may be 
interrupted by further reconstructive surgery. 

7.3.B Emergency trauma radiology

Introduction
Essential initial trauma fi lms to screen for major injuries 
include the following. 

 O lateral cervical spine radiograph 
 O chest X- ray 
 O pelvic X- ray. 

These should only be taken after immediately life- threatening 
injuries have been identifi ed and treated (resuscitation).

The ABCD approach to X- ray interpretation is as follows:
 O Adequacy, Alignment and Apparatus.
 O Bones.
 O Cartilage and soft tissues.
 O Disc spaces (in the spine), Diaphragm (in the chest).

First, all X- ray fi lms should be checked for adequacy. Do 
they include all of the part that needs imaging? Is the fi lm 
a proper antero- posterior view or is it at an angle? If the 
fi lm is not of reasonable quality, interpretation is diffi cult 
and may be faulty.

Cervical spine
The cervical spine should be immobilised (see Section 7.3.A) 
before any radiology. The standard fi lm is a lateral radio-
graph, which may be supplemented by an AP (lower 
cervical spine and odontoid peg views) if appropriate. 

Bony injury is not the primary focus in spinal injury. The 
main concern is to delineate actual or potential injury to the 
cord, as any unstable fracture, if inadequately immobilised, 
may lead to progressive cord damage.

A normal lateral cervical X- ray fi lm may be falsely reas-
suring. The plain fi lm only shows the position of the bones 
at the time when the fi lm was taken, and gives no idea of 
the magnitude of fl exion and extension forces applied to the 
spine at the time of injury. The cord may be injured even in 
a child without any apparent radiographic abnormality. This 
phenomenon is known as SCIWORA (see below).

Unlike adult spine injuries, most paediatric cervical spine 
injuries occur either through the discs and ligaments, at the 
cranio- vertebral junction (C1, C2 and C3), or at C7/T1. The 
relatively large head of the child, moving on a fl exible neck 
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with weaker muscles, leads to injury in the higher cervical 
vertebrae.

Children show three patterns of spinal injury:
1 subluxation or dislocation without fracture
2 fracture with or without subluxation or dislocation
3 spinal cord injury without radiographic abnormality 

(SCIWORA).

The last of these, SCIWORA, is said to have occurred when 
radiographic fi lms are completely normal in the presence 
of signifi cant cord injury. If the fi lm is normal in a conscious 
child with clinical symptoms (such as pain, loss of func-
tion or paraesthesia in a limb), neck protection measures 
should be continued. In an unconscious child at high risk, 
a cord injury cannot be excluded until the patient is awake 
and has been assessed clinically, even in the presence of 
a normal cervical spine fi lm. Adequate spinal precautions 
should be continued until the child is well enough to be 
assessed clinically.

The most common site of a ‘missed’ spinal injury is 
where a fl exible part of the spine meets the fi xed part. In 
the neck these are the cervico- cranial junction and the 
cervico- thoracic junction.

The whole spine should be viewed from the lower clivus 
down to the upper body of T1 vertebra.

Alignment 
When studying a cervical spine X- ray, look for the four lines 
shown in Figure 7.3.B.1. These lines should be uninter-
rupted. It there is a ‘step’ in any line, the spinal cord is at 

risk. The cervical immobilisation must be continued and an 
orthopaedic opinion sought.

The four lines are as follows:
1 anterior vertebral line 
2 posterior vertebral line (anterior wall of the spinal canal) 
3 facet line 
4 spino- laminar line (posterior wall of the spinal canal).

Figure 7.3.B.2 shows an actual cervical spine X- ray with 
three of the lines delineated and the odontoid, a facet joint, a 
spinous process and a lamina identifi ed. The gaps between 
the adjacent spinous processes and between each facet 
joint should be similar. Again, any discrepancy is suggestive 
of a potentially unstable spine.

FIGURE 7.3.B.2 X- ray of the lateral cervical spine, showing three 
of the lines that are indicated in Figure 7.3.B.1. Od, odontoid; F, 
facet joint; L, lamina; SP, spinous process spaces.

The spinal cord lies in the canal between the posterior 
vertebral line (2) and the spino- laminar (4) line. 

Bones
The outline of each vertebra should be reviewed in turn. 
Fracture lines going through the cortex, vertebral bodies, 
laminae or spinous processes should be sought. 

The spaces between the facet joints and the gaps 
between adjacent spinous processes should be similar. 
The joint between the odontoid peg and the anterior arch of 
the atlas should be 1–4 mm in a child (see Figure 7.3.B.3). 

FIGURE 7.3.B.3 C1/C2 anatomy in the older child.

The orientation of the odontoid peg should always be 
perpendicular to the body of C2. 

FIGURE 7.3.B.1 Lines to examine on X- ray of the lateral cervical 
spine.
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Cartilage and soft tissues 
Abnormal widening of the pre- vertebral soft tissues may 
indicate a haematoma due to cervical spine injury. However, 
there may be a signifi cant spinal injury with normal soft 
tissues. Thus the absence of soft- tissue swelling does not 
exclude major bony or ligamentous injury. When a child is 
intubated, it is diffi cult to assess pre- vertebral soft- tissue 
swelling. Small children have large adenoids, which are 
seen as well- demarcated soft tissue swelling at the base 
of the clivus. 

Acceptable soft- tissue thicknesses are as follows: 
 O above the larynx: less than one- third of the vertebral 

body width 
 O below the larynx: not more than one vertebral body 

width.

Below the level of the larynx, the pre- vertebral soft tissues 
become progressively narrower towards the cervico- 
thoracic junction (see Figure 7.3.B.4). If the pre- vertebral 
soft tissues are wider at C7 than at the C5 level, this sug-
gests trauma at the C7/T1 level.

FIGURE 7.3.B.4 Lateral cervical spine showing soft tissues.

Any soft- tissue swelling outside these limits should 
be regarded as abnormal, and neck protection measures 
maintained until a further clinical opinion can be obtained. 
In small children the soft tissues may appear abnormally 
wide if the fi lm is taken with the infant lying in fl exion. If in 
doubt, maintain the neck protection and ask for advice.

Discs 
The height of the vertebral disc should be compared from 
C2/C3 to C7/T1. The discs should all be of similar height, as 
shown earlier in Figure 7.3.B.1. Any signifi cant discrepancy 
suggests a crush fracture of the vertebrae (usually caused 
by a fall from a height).

Flexion and extension cervical spine fi lms should never 
be performed in the acute trauma situation. 

Chest X- ray
Adequacy and alignment 
Adequacy can be assessed by evaluating both radiographic 
penetration and the depth of the patient’s inspiration. The 
fi lm should just show the disc spaces of the lower thoracic 
vertebrae through the heart shadow. At least fi ve anterior 
rib ends should be seen above the diaphragm on the right 

side. If the fi lm is taken in expiration, it may mimic a chest 
infection. Films are diffi cult to take in young children, as 
they are unable to ‘hold their breath’ on command, so the 
radiographer has to try to take the picture at the moment 
of full inspiration. 

Alignment can be assessed by ensuring that the medial 
ends of both clavicles are equally spaced about the spinous 
processes of the upper thoracic vertebrae. Abnormal rota-
tion may create an apparent mediastinal shift. The trachea 
should be equally spaced between the clavicles.

Apparatus 
Check the position of any apparatus, including the following: 

 O tracheal tube 
 O central venous lines 
 O chest drains. 

Misplacement of the endotracheal tube (ETT) into a bron-
chus should be evident clinically, but may be seen on a 
chest fi lm if you look for it. Do this fi rst when reviewing any 
chest X- ray on an intubated patient. Ventilation of only one 
lung will lead to hypoxia in a compromised patient.

The ideal position for an ETT is below the clavicles and 
at least 1 cm above the carina. To fi nd the carina, identify 
the slope of the right and left main bronchi. The carina is 
where the two lines meet in the midline. 

Bones
Look at each rib in detail. This can be done by tracing out 
the upper and lower borders of the ribs from the posterior 
costochondral joint to the point where they join the anterior 
costal cartilage at the mid- clavicular line. The individual 
internal bone patterns can then be assessed. 

The ribs in children are soft and pliable, and only break 
when subjected to considerable force. Even greater force 
is required to fracture the fi rst rib or to break multiple ribs. 
Consequently, the presence of these fractures should 
stimulate you to look for other sites of injury both inside and 
outside the chest. Fractures in children’s rib bones are hard 
to see while fresh unless there is displacement. Diagnosis 
is often made a week or so later if an X- ray is taken then, 
when the calcifying new callus is seen. 

Finish assessing the bones by inspecting the visible 
vertebrae and the clavicles, scapulae and proximal humeri. 

Thoracic spine injuries may be overlooked on a chest 
radiograph. Abnormal fl attening of the vertebral bodies, 

FIGURE 7.3.B.5 Vertical fracture of the thoracic spine.



791

Section 7.3

widening of the disc spaces, or gaps between the spinous 
processes or pedicles may be seen. On the antero- posterior 
views, increased vertical or horizontal distances between 
the pedicles or spinous processes indicate an unstable 
fracture, as shown in Figure 7.3.B.5.

If there are rib fractures in the fi rst three ribs, these 
may be associated with major spinal trauma and great 
vessel injury. 

Cartilage and soft tissues 
Lungs
In a well- centred fi lm, the lungs should appear equally black 
on both sides. Compare the left and right lungs in the upper 
third, middle third and lower third of the chest. 

Check that the lungs go all the way out to the rib cage 
(i.e. that there is no pleural effusion or pneumothorax). A 
lung that is black on one side may be due to a pneumo-
thorax or air trapping. A lung that is white on one side may 
be due to collapse, pulmonary haemorrhage, contusion or 
effusion (including haemothorax). 

On the supine fi lm, blood or fl uid lies posteriorly, giving 
a generalised greyness to the lung, rather than the typical 
meniscus sign seen on the erect fi lm. At the apex of each 
lung, an effusion displacing the lung downward may indicate 
spinal injury or major vessel damage.

A suspected tension pneumothorax should be treated 
clinically in the emergency situation, without confi rmatory 
X- ray. 

On a supine fi lm, the air in a simple pneumothorax rises 
anteriorly and may only be evident from an abnormal black-
ness or ‘sharpness’ of the diaphragm or cardiac border. The 
standard appearances of a pneumothorax, where there is 
a sharp lung edge and the vessels fail to extend to the rib 
cage and the lung edges, may not occur in the supine fi lm. 

The heart 
The cardiac outline should lie one- third to the right of the 
midline and two- thirds to the left of the midline. If the fi lm 
is not rotated, which should be checked, mediastinal shift 
is due to the heart being either pushed from one side or 
pulled from the other. For example, mediastinal shift to the 
left may be due to a pneumothorax, air trapping or effusion 
on the right side, or collapse of the left lung. 

All emergency major trauma X- rays are taken in the 
supine position because of the seriousness of the patient’s 
condition, often using portable X- ray machines. The X- ray 
tube is near to the patient and the heart is anterior with the 
fi lm posterior. The heart in this situation appears abnormally 
magnifi ed (widened), and the cardiothoracic ratio is diffi cult 
to assess on supine AP fi lms. 

The mediastinal cardiac outline should be clear on 
both sides. Any loss of defi nition suggests consolidation 
(de- aeration) of adjacent lungs. A ‘globular’ shape to the 
heart may suggest a pericardial effusion. Tamponade is 
managed clinically. A cardiac ultrasound scan is useful in 
equivocal cases. 

The upper mediastinum 
In the teenager the mediastinum should appear as narrow 
as in an adult. In children under the age of 18 months, 
the normal thymus is large, causing a confusing and 
often ‘sail- shaped’ upper mediastinal shadow. A normal 
thymus may touch the right chest wall, left chest wall, left 
diaphragm or right diaphragm, making it very diffi cult to 

exclude mediastinal pathology. Fortunately, mediastinal 
widening due to aortic dissection or spinal trauma is very 
rare in small children. 

In the older child involved in trauma, mediastinal widen-
ing may mean aortic dissection, or major vessel or spinal 
injury. Ultrasound scanning will be helpful (if available). 

Diaphragms 
The cardiophrenic and costophrenic angles should be clear 
on both sides. The diaphragms should be clearly defi ned 
on both sides, and the left diaphragm should be clearly 
visible behind the heart. Loss of defi nition of the left dia-
phragm behind the heart suggests left lower lobe collapse, 
an abnormal hump suggests diaphragmatic rupture, and 
an elevated diaphragm suggests effusion, lung collapse 
or nerve palsy. 

At the end of the systematic ABCD review of the X- ray, 
check again in the key areas shown in the following list:

 O Behind the heart: left lower lobe consolidation or 
collapse.

 O Apices: for effusions, pneumothorax, rib fractures and 
collapse or consolidation.

 O Costophrenic and cardiophrenic angles: fluid or 
pneumothorax.

 O Horizontal fi ssure: fl uid or elevation (upper lobe collapse).
 O Trachea for foreign body (and ETT).

Pelvic X- ray
A single, antero- posterior pelvic view is suffi cient.

Adequacy and alignment 
It is very important to have the pelvic fi lm positioned as a 
true antero- posterior (AP) view, as rotation causes interpre-
tation problems. In a true AP fi lm the tip of the sacrum will 
be aligned with the symphysis pubis. 

The whole of the pelvis from the top of the iliac crests to 
the ischial tuberosities and both hip joints should be seen. 
The femoral necks shown to the level of the trochanters 
should be included. 

Bones
The pelvis is composed of the sacrum, innominate bones 
(iliac wings), ischium and pubic bones. These come together 
to form a Y- shaped cartilage in the fl oor of the acetabulum. 
In young children, the joint between the ischium and the 
pubis (ischiopubic synchondrosis) is commonly seen and 
may simulate a fracture. 

FIGURE 7.3.B.6 Normal pelvis in a young child.
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The pelvis is reviewed as a number of rings on the 
two- dimensional fi lm. These include the pelvic brim, the 
two obturator rings and both acetabular fossae. The rings 
should appear smooth and symmetrical in a well- centred 

fi lm (see Figure 7.3.B.6, which shows a normal child pelvis). 
The femoral necks must be checked for fracture. Figure 
7.3.B.7 shows a pelvis with multiple fractures, at major risk 
of serious pelvic bleeding as large vessels are torn with the 
force shown by the widespread fractures.

Cartilage and soft tissues 
Minor rotation, hip fl exion or rotation will distort the fat plane 
and make assessment of soft- tissue displacement diffi cult. 
Abnormal widening of the obturator fat pad may indicate a 
pelvic side wall haematoma. 

The paediatric pelvis is held together by cartilage. 
Separation through the cartilage of the sacro- iliac joint, the 
symphysis pubis or the ‘Y’ cartilage of the acetabular fl oor 
may occur without apparent bony injury. Comparison of 
both hips and sacro- iliac joints on a well- centred fi lm may 
show this. On a well- centred fi lm the distance between the 
femoral head and the fl oor of the acetabulum ‘crescent’ 
should be symmetrical – it is abnormal in effusion or dislo-
cation of the hip joint. 

7.3.C The child with a head injury

BOX 7.3.C.1 Minimum standards
 Q ABC and neurology and maintenance of oxygenation and 

blood pressure with control of environmental tempera-
ture while exposing and examining the whole patient.

 Q Emergency burr- hole by an experienced operator if 
available.

 Q Parenteral antibiotics.
 Q Mannitol or hypertonic saline (2.7% or 3%).
 Q Anticonvulsants.

Introduction
The primary aim of the management of traumatic brain 
injury is to prevent secondary brain injury, which results 
from failure to maintain adequate oxygenation and optimal 
blood pressure in the head- injured child, in addition to the 
brain swelling which is the usual response of the child’s 
brain to injury. This aim is made more diffi cult by the pres-
ence of other injuries which may be reducing oxygenation 
and causing shock. Severity of brain injury in toddlers and 
children can be measured by using the Glasgow Coma 
Scale (GCS). The GCS score ranges from 3 to 15. A GCS 
score of 14–15 is categorised as minor brain injury, a score 
of 9–13 as moderate brain injury, and a score of 3–8 as 
severe brain injury. 

The GCS is based on eye opening (E), best motor 
response (M) and verbal response (V).

Scores for best eye response (4) 
1 None 
2 Eye opening to pain
3 Eye opening to verbal command 
4 Eyes open spontaneously

Scores for best verbal response (5) 
1 None 

2 Incomprehensible sounds 
3 Inappropriate words 
4 Confused conversation
5 Orientated 

Scores for best motor response (6) 
1 None 
2 Extension to pain (decerebrate)
3 Flexion to pain (decorticate) 
4 Withdrawal from pain
5 Localises pain
6 Obeys commands

Children’s Coma Scale
Scores for best eye response (4)
1 None 
2 Eye opening to pain
3 Eye opening to verbal command
4 Eyes open spontaneously

Scores for best verbal response (5)
1 Alert, babbles, usual words
2 Less than usual words spontaneous irritable cry
3 Cries only to pain
4 Moans to pain
5 No response to pain

Scores for best motor response (6)
1 Spontaneous or obeys verbal command
2 Localises to pain or withdraws to touch
3 Withdraws from pain
4 Abnormal fl exion to pain (decorticate)
5 Abnormal extension to pain (decerebrate)
6 No response to pain

Another factor that must be documented is pupillary size 

FIGURE 7.3.B.7 Multiple pelvic fractures.
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and reaction to light. This helps when lateralising brain injury 
and its progress.

Major diffuse brain injury
Cerebral oedema is the most likely pathological process 
following serious head injury in children. Intracranial hae-
matomas are quite uncommon in childhood: they are more 
likely to be found in an adult patient. Even the presence of 
unequal pupils in a seriously head injured child may be a 
false localising sign, and does not have the same signifi -
cance that this sign has in the adult head- injured patient.

The only measures that are of proven value are main-
tenance of adequate oxygenation and perfusion and 
the avoidance of adverse effects (see below). Removal 
of intracranial haematomas, if identifi ed, is very helpful, 
but this pathology is much less frequently found in the 
paediatric population, where cerebral oedema predomi-
nates. A CT scan (if available) will identify any haematoma. 
Artifi cial ventilation, tracheostomy and more sophis-
ticated medical measures designed to control raised 
intracranial pressure may be of value, but require 
evacuation to a fully equipped and staffed children’s 
neurointensive care unit.

In the absence of such a facility, the best strategy is 
to concentrate on optimising the care of the unconscious 
patient with attention to:

 O preservation of the airway
 O maintenance of adequate ventilation
 O avoidance of hypotension by maintaining the circulat-

ing volume with normal Ringer- lactate or Hartmann’s 
solution 

 O the maintenance of appropriate fl uid and electrolyte 
balance, avoiding hypotonic IV fl uids, hyponatraemia 
and hypoglycaemia

 O avoidance of fever > 38°C. Use rectal paracetamol: child 
1–5 years 125–250 mg/dose up to 4 doses in 24 hours; 
5–12 years 250–500 mg/dose maximum 4 doses; 
12 years–adult 500 mg/dose maximum 4 doses

 O maintaining the patient in a 20-degree head- up position 
with no neck fl exion and with the head in the midline

 O if there is deterioration of the GCS score, giving an IV 
infusion of mannitol 0.25–0.5 g/kg

 O mannitol can be repeated later but there is a decreas-
ing response to this treatment. Alternatively, hypertonic 
saline can be used (2.7% or 3% at a dose of 3 mL/
kg). This may not be associated with a ‘rebound’ brain 
swelling as occurs with mannitol and does not induce 
a diuresis like mannitol but rather augments plasma 
volume

 O care of the skin, bladder and bowel.

Fluid restriction is not indicated, but fl uid overload should 
be avoided.

If transfer or evacuation is required within the first 
48 hours after injury, endotracheal intubation and mechani-
cal ventilation are desirable. Steroids are of no value and 
increase the risk of intercurrent infection. Antibiotics are 
reserved for patients with evidence of sepsis. Anticonvulsant 
drugs are only given if there are seizures.

Intracranial haematomas
Only 6 in 1000 patients will develop a signifi cant intracranial 
haematoma following a non- missile head injury. The most 
useful guide to the development of an intracranial haema-
toma is deterioration in the level of consciousness. The 
presence of inequality of the pupils will help to identify the 
lesion. The ideal investigation is CT (if available). If CT 
is not readily available, burr- hole exploration on the same 
side as the injury as the dilated pupil and the opposite side 
to any motor weakness is justifi ed in the hope of fi nding an 
extradural or subdural clot. However, burr- holes must only 
be made by a skilled surgeon using appropriate equipment. 

Emergency temporary reduction of raised intracranial 
pressure can be achieved by one or more of the following 
medical measures:

 O mannitol 20% by IV infusion over 20 minutes (0.25–0.5 g/
kg). This can be repeated as required but response 
becomes progressively lessened

 O Alternatively, hypertonic saline can be used (2.7% or 
3% at a dose of 3 mL/kg). This may not be associated 
with a ‘rebound’ brain swelling as occurs with mannitol 
and does not induce a diuresis like mannitol but rather 
augments plasma volume

 O intubation and artifi cial ventilation to keep PaCO2 around 
4 KPa.

An extradural clot will always be beneath the site of trauma. 
The place to make the burr- hole is therefore at the site of any 
external site of injury. This may be known from the history, 
or may be found by shaving the entire scalp in search of 
bruises, grazes, lacerations or soft- tissue swelling. A plain 
skull radiograph (if available) may show a fracture, and if so 
the burr- hole should be made at the site of the fracture. If 
there are none of the above- mentioned clues, then ‘blind’ 
burr- hole exploration will be required. This should com-
mence on the side of the dilated pupil, or on the side of 
the pupil that dilated fi rst.

Three standard burr- holes can be made: subtemporal, 
frontal and parietal. It is crucial to make the sub- temporal 
burr- hole low enough in the middle cranial fossa. The 
correct position is immediately above the zygoma at the 
midpoint between the outer canthus of the eye and the 
external auditory meatus. If an extradural clot is found, the 
burr- hole must be extended as either a craniectomy or a 
craniotomy. The margins should extend suffi ciently far to 
uncover the entire clot, which can then be evacuated by 
suction. Bleeding meningeal arteries can be controlled with 
diathermy or by under- running with a suture. Bleeding from 
major venous sinuses can be controlled by haemostatic 
gauze and by hitching the adjacent dura to the surround-
ing pericranium with sutures. Diffuse meningeal oozing will 
stop spontaneously if it is not tampered with; the applica-
tion of hydrogen peroxide or warm saline packs may help. 
When the clot has been evacuated and the bleeding has 
stopped, it is essential to hitch the dura around the perim-
eter of the bone opening to the adjacent pericranium in 
order to prevent recurrence. In very young children, it may 
be better to pass sutures through small drill holes in the 
surrounding bone. If a craniotomy has been made, the 
bone fl ap is replaced.

If no extradural haematoma is found at any of the burr- 
hole sites, the dura should be opened cautiously. If there 
is a subdural clot, a craniotomy is necessary. It is safer to 
make multiple short dural incisions rather than a wide dural 



794

International Maternal & Child Health Care

opening. It is diffi cult to be certain whether a tense dura is 
due to subdural clot or brain swelling. Most acute subdural 
clots are associated with quite severe brain injury, and a 
wide dural opening is very likely to be followed by massive 
uncontrollable extrusion of the brain material.

Post- operatively, anaesthesia can be reversed unless 
the patient is to be evacuated to another facility. If a sig-
nifi cant clot has been found, there should be a prompt 
improvement in the level of consciousness.

In a baby with severe signs of rapidly progressive raised 
intracranial pressure following a closed head injury, it is 
reasonable to search for an acute subdural haematoma 
by passing an adult (18- gauge) lumbar puncture needle 
into the subdural space through the anterior fontanelle or 
through a diastased coronal suture. The baby is wrapped 
in a sheet and held supine by an assistant so as to secure 
the head, the arms and the trunk. The entry point is either 
at the most lateral extremity of the anterior fontanelle or at 
a point in line with the pupil, whichever is the furthest from 
the midline. In a conscious child, local anaesthesia must fi rst 
be applied. The needle is passed at a shallow angle, in an 
anterior direction, through the skin and then through the 
relatively resistant dura. The trochar is removed from the 
needle and any subdural fl uid allowed to drain spontane-
ously. The needle is then withdrawn and the puncture hole 
in the skin closed with a suture.

Skull fractures
Most skull fractures heal without treatment, but they should 
be observed for 24 hours in case an intracranial haema-
toma occurs unless a CT scan has shown no intracranial 
bleeding. Fractures which are compound, either externally 
(i.e. the overlying scalp is broken) or internally (i.e. there 
is a fracture into a paranasal sinus or into the middle ear) 
require attention.

Externally compound fractures
 O Like all wounds, these should be explored to remove 

all dead tissue and foreign material. This is the most 
effective means of preventing infection. Operation should 
be performed as soon as possible. Simple wounds can 
be explored under local anaesthetic, but more complex 
wounds will require general anaesthesia.

 O Depressed fractures may require elevation to ensure 
that the full extent of the wound, including the brain 
substance, has been cleaned and that the dura is 
repaired if it has been torn. If the wound is less than 
24 hours old and not heavily contaminated, the bone 
fragments can be replaced. If the wound is older than 
24 hours or is heavily contaminated, it is safer to discard 
the bone fragments.

 O Antibiotics are not generally required, as it is the mechan-
ical debridement of the wound that is the crucial step. 
However, compound depressed skull fractures that have 
occurred in any setting, especially an agricultural or 
rural one, may be contaminated with Clostridium tetani 
and are best cov ered with 5 days of IV benzylpenicil-
lin (for children aged 1 month to 12 years, 50 mg/kg 
every 6 hours by slow injection, and for those over 
12 years, 2.4 grams every 6 hours) with anti- tetanus 
active immunisation and toxoid as appropriate (see 
Section 7.3.A). Animal bites, especially from dogs, will 
be contaminated with Pasteurella multocida and should 
be covered with ampicillin IV (40 mg/kg 8- hourly up to a 

maximum of 4 grams/day). If surgery is delayed for more 
than 24 hours, antibiotics should be given.

The scalp has excellent vascularity and every effort should 
be made to preserve scalp. Once signifi cant areas are 
lost, complex skin fl aps will be required. Split- skin grafts 
will not take on bare calvarial bone. If substantial areas of 
full- thickness scalp are lost, as in burns or attacks by large 
animals, a useful technique is to make multiple burr- holes, 
leaving the dura intact. Over the course of a few weeks the 
fl orid granulation tissue that grows out of the burr- holes will 
form a satisfactory base to accept split- skin grafts.

Internally compound fractures
 O These carry the risk of CSF fi stula and meningitis.
 O Prophylactic antibiotics are not indicated.
 O Most CSF rhinorrhoea or otorrhoea will resolve sponta-

neously, but cases persisting for longer than 2 weeks will 
require formal repair. This will involve referral to a higher 
centre with facilities for CT scanning and neurosurgical 
expertise.

 O Meningitis complicating traumatic CSF rhinorrhoea or 
otorrhoea is usually caused by Streptococcus pneu-
moniae, and should be treated for 2 weeks with IV 
benzylpenicillin (at the dose stated above) or IV cefo-
taxime (for children under 12 years, 50 mg/kg every 
6 hours and for those over 12 years 1–3 g every 6 hours. 
It is an absolute indication for surgical repair to prevent 
further episodes.

Penetrating injuries
Children are especially prone to suffering penetrating injuries 
because of the thin nature of the immature skull, especially 
around the orbit. Such wounds require exploration through 
their full extent to prevent brain abscess.

Missile injuries require removal of all foreign material 
wherever feasible. High- velocity penetrating brain injuries 
from modern military weapons are invariably fatal because 
of the extreme forces involved, and these patients, along 
with those who are in deep coma following even low- velocity 
gunshot wounds, will not make a useful recovery, so only 
palliative care is appropriate.

Early traumatic epilepsy
Epileptic seizures in the fi rst 48 hours after injury are com-
mon in children. Except in infants they do not, in isolation, 
indicate the presence of an intracranial haematoma. Most 
seizures are self- limiting and simply require airway protec-
tion. An anti- epileptic drug should be given to prevent 
further fi ts. It is important to remember that the child with 
an acutely injured brain will be exquisitely sensitive to the 
respiratory depressant effects of diazepam or lorazepam. 
These are best avoided unless there is no alternative, when 
they must be used to stop the convulsion, which will worsen 
the effects of the head injury. 

When using either diazepam or lorazepam, always have 
a functioning bag- mask resuscitator immediately available. 
The main side effect of these drugs is apnoea or hypoven-
tilation, but it is short- lived, and a few minutes of bagging 
with the bag-mask will result in spontaneous respiration 
restarting. The safest drug is paraldehyde administered 
per rectum (0.4 mL/kg up to 1 year of age, then one mL 
per year of age up to a maximum of 10 mL). Unfortunately, 
it is becoming increasingly diffi cult to obtain as it is not 
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manufactured widely. Paraldehyde can be diluted with an 
equal volume of olive oil. It can be given using a plastic 
syringe if given immediately, otherwise by glass syringe. 
Do not use paraldehyde if it has a brown colour or smells 
of acetic acid. 

A longer- acting drug must also be given at the same 
time and maintained. The most appropriate are phenobar-
bitone for children aged less than 5 years (load 15 mg/kg 
slowly IV, then a total of 5 mg/kg/day starting dose up to a 

maximum of 6 mg/kg/day IV, or orally in two divided doses 
12 hours apart) and phenytoin for those aged over 5 years, 
administered IV initially (load 15 mg/kg IV over 20 minutes, 
followed by a further 10 mg/kg IV over a further 20 minutes 
if the fi rst dose is unsuccessful). Then give 2.5 mg/kg every 
12 hours IV over 20 minutes initially, increasing up to a maxi-
mum of 7.5 mg/kg every 12 hours (with each dose given 
over 20 minutes if IV). Phenytoin can also be given orally.

7.3.D Electrical injury

BOX 7.3.D.1 Minimum standards
 Q ABC.
 Q ECG monitoring.
 Q Sodium bicarbonate.

Introduction
Electrical injuries usually occur in the home, and involve rela-
tively low currents and voltage. The mortality from electrical 
injuries from high- power external sources such as electrifi ed 
railways is high, and death is immediate. 

Other injuries may occur during the event. For example, 
the patient may fall or be thrown. Therefore a full trauma 
assessment must be undertaken. 

Pathophysiology 
Alternating current (AC) produces cardiac arrest at lower 
voltages than does direct current (DC). Regardless of 
whether the electrocution is caused by AC or DC, the risk 
of cardiac arrest is related to the size of the current and 
the duration of exposure. The current is highest when the 
resistance is low and the voltage is high. 

Current 
The typical effects of an increase in current are as follows: 

 O Above 10 mA: Tetanic contraction of muscles may 
make it impossible for the patient to let go of the elec-
trical source. 

 O Above 50 mA: Tetanic contraction of the diaphragm and 
intercostal muscles leads to respiratory arrest, which 
continues until the current is disconnected. If hypoxia is 
prolonged, secondary cardiac arrest will occur. 

 O From 100 mA to 50 A: Primary cardiac arrest may be 
induced. (The defi brillators that are used in resuscitation 
deliver around 10 A.) 

 O From 50 A to several 100 A: Massive shocks cause 
prolonged respiratory and cardiac arrest and more 
severe burns. A lightning strike is a massive direct cur-
rent of very short duration which can depolarise the 
myocardium and cause an immediate asystole. 

Resistance 
The resistance of the tissues determines the path that 
the current will follow. Generally, the current will follow the 
path of least resistance from the point of contact to earth. 
The relative resistance of the body tissues is, in increasing 
order, as follows: tissue fl uid, blood, muscle, nerve, fat, 
skin, bone. Electrocution generates heat, which causes a 

variable degree of tissue damage. Nerves, blood vessels, 
the skin and muscles are damaged most. Swelling of dam-
aged tissues, particularly muscle, can lead to a crush or 
compartment syndrome that requires fasciotomy. Water 
decreases the resistance of the skin and will increase the 
amount of current that fl ows through the body.

Voltage
High- voltage sources such as lightning or high- tension 
cables cause extremely high currents and severe tissue 
damage. However, very high voltages can cause severe 
superfi cial burns without damaging deeper structures (fl ash 
burns and arcing). 

Primary assessment and resuscitation
Call for help and disconnect the electricity in a safe manner.

Be aware that high- voltage sources can discharge 
through several centimetres of air. 

Airway
The upper airway should be opened and secured, especially 
if this is compromised by facial or other injuries. The cervical 
spine should be immobilised if there is a strong possibility 
of an unstable fracture. 

Breathing
If the patient is not breathing, give rescue breaths using a 
mouth- to- mouth technique if no equipment is available (e.g. 
in the home) and, if available, a bag and mask with high- 
fl ow oxygen through an attached reservoir. If the patient 
is breathing but cyanosed, or low oxygen saturation is 
present, give inspired oxygen to maintain SaO2 (if a pulse 
oximeter is available) in the range 94–98%.

Circulation
If the patient appears lifeless despite the rescue breaths, 
commence chest compressions and continue cardiopul-
monary resuscitation (CPR) as described in Section 1.12 
until help arrives. In the resuscitated or non- arrested patient 
who has been brought to hospital, after ABC assessment 
and management, the entry and exit point of the current 
should be sought in order to gain a picture of the sort of 
possible internal injuries that could have occurred. Children 
with signifi cant internal injuries have a greater fl uid require-
ment than one would suspect on the basis of the area of 
the external electric burn.
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Secondary assessment and emergency 
treatment
Other injuries should be treated in an appropriate and 
structured manner (see Section 7.3.A).

Associated injuries are common in electrocution. Almost 
all possible injuries can occur as a result of falls or being 
thrown from the source. Burns are particularly common, 
and are caused either by the current itself or by burning 
clothing. Tetanic contraction of muscles can cause frac-
tures, subluxations or muscle tearing. 

Other problems 
Burns cause oedema and fl uid loss. Myoglobinuria occurs 

after signifi cant muscle damage, and acute renal failure is 
a possibility. In this case, it is important to maintain a urine 
output of more than 2 mL/kg/hour in a child or 60 mL/kg/
hour in a pregnant woman or girl with the judicious use of 
diuretics such as mannitol and appropriate fl uid loading. 
Alkalisation of the urine with sodium bicarbonate, 1 mmol/
kg in a child (1 mL/kg of 8.4% solution or 2 mL/kg of 4.2% 
solution) or 50 mmol in pregnancy increases the excretion 
of myoglobin. 

Arrhythmias can occur up to a considerable time after 
the electrocution, and continuous ECG monitoring is help-
ful (if available). 

7.3.E Drowning 

BOX 7.3.E.1 Minimum standards
 Q ABCD and early basic life support.
 Q Early management of hypothermia: radiant heat/hot- 

water bottles.
 Q Low- reading thermometer.
 Q Orogastric or nasogastric tube.
 Q High- dependency care (if available).

Introduction
Defi nition

‘Drowning’ is defi ned as ‘a process resulting 
in primary respiratory impairment from 
submersion/immersion in a liquid medium’.
According to WHO data, in 2004 there were 388 000 known 
deaths as a result of drowning worldwide, although the 
WHO considers this to be a massive underestimate. For 
children under the age of 15 years, drowning is the lead-
ing cause of accidental death worldwide. The low-  and 
middle- income countries account for 96% of unintentional 
drowning deaths, and over 60% of the world’s drowning 
events occur in the Western Pacifi c Region and South- East 
Asia, although the above fi gures do not include the mas-
sive loss of life from fl oods and tsunamis and from water 
transport accidents.

Pathophysiology
Bradycardia and apnoea occur shortly after submersion as 
a result of the diving refl ex. As apnoea continues, hypoxia 
and acidosis cause tachycardia and a rise in blood pres-
sure. Between 20 seconds and 5 minutes later, a breakpoint 
is reached, and breathing occurs. Fluid is inhaled and on 
touching the glottis causes immediate laryngeal spasm. 
After a variable but short period of time the laryngospasm 
subsides and fl uid is aspirated into the lungs, resulting 
in alveolitis and pulmonary oedema. Hypoxia is by this 
time severe and the patient will have lost consciousness. 
Bradycardia and other dysrhythmias can also occur and 
may be fatal (ventricular fi brillation is rare).

Hypoxia is thus the key pathological process that 
ultimately leads to death, and needs to be corrected as 
quickly as possible.

Children who survive because of interruption of this 

chain of events not only require therapy for drowning, but 
also assessment and treatment of concomitant hypother-
mia, hypovolaemia and injury (particularly spinal). Major 
electrolyte abnormalities due to the amount of water swal-
lowed seldom occur.

The type of water is associated with infections with 
unusual organisms, and aspiration of water contaminated 
with petroleum products can lead to a severe respiratory 
distress syndrome.

Submersion injuries are generally associated with hypo-
thermia. The large body surface area to weight ratio in infants 
and children puts them at particular risk. Hypothermia may 
have a protective effect against the neurological sequelae 
following hypoxia and ischaemia, but is also associated 
with life- threatening dysrhythmias, coagulation disorders 
and susceptibility to infections.

The initial approach to the drowning patient focuses 
on the correction of hypoxia and hypothermia, and the 
treatment of associated injuries, which are common in 
older children and often overlooked. Cervical spine injury 
should always be suspected in drowning victims for whom 
the mechanism of injury is unclear, although these are rare 
(0.5% overall, and much rarer in children under 5 years).

Remember:
 O Small children can drown in small volumes of water (e.g. 

in a bucket or shallow pool).
 O Not all drowning is accidental (consider the possibility 

of abuse or neglect).
 O Other injuries may be present.
 O Other illnesses may have resulted in the drowning (e.g. 

epilepsy).
 O Consider the possibility of drug or alcohol abuse.

Properties of water
 O Water can be fresh (hypotonic) or salty (hypertonic).
 O Water can conceal hidden dangers, such as trauma, 

entrapment, tide and fl ow, and contamination.
 O Water can act as a solid at high- impact velocity.
 O Water may be only one of several problems affecting 

the child (consider alcohol, drugs, child abuse, epilepsy, 
trauma, etc.).

Problems that may be present at drowning
 O Hypothermia.
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 O Hypoxia.
 O Pulmonary oedema.
 O Hypotension.
 O Ventricular arrhythmias and cardiac arrest.
 O Cerebral depression, coma and hypoxic–ischaemic 

brain injury.
 O Other injuries, especially spinal and head injuries.
 O Electrolyte disturbances.
 O Ingestion of alcohol, anticonvulsant drugs, etc.
 O Pre- existing epilepsy.

Primary assessment and resuscitation
Call for help and move the victim from the water as quickly 
as possible without risk to the rescuer, in order to allow 
CPR and ABC to proceed. 

Rescue of the victim in a vertical position may lead to 
cardiovascular collapse due to venous pooling. However, 
horizontal rescue in the water must not be allowed to delay 
the rescue.

The initiation of early and effective basic life support is 
vital. ABC reduces the mortality drastically and is the most 
important factor for survival. Five rescue breaths must be 
given as early as possible even in shallow water, if this can 
be done without risk to the rescuer. Mouth- to- nose ventila-
tion may be easier in this situation. Basic life support (see 
Section 1.12) then proceeds according to the standard 
paediatric or maternal algorithm, even in hypothermia. The 
presence of cardiac arrest can be diffi cult to diagnose, as 
pulses are diffi cult to feel. If there are no signs of life, chest 
compressions should be started and continued with a rate 
of 15 compressions to two breaths. 

Airway and manual in- line cervical spine control (if 
there is a major suspicion of unstable neck injury) are the 
fi rst steps. Following submersion, the stomach is usually 
full of swallowed water. The risk of aspiration is therefore 
increased, and the airway must be secured as soon as 
possible on arrival at a healthcare facility. The best airway 
protection is usually provided by endotracheal intubation 
using a rapid sequence induction, once in a hospital set-
ting. Following this, an oro-  or nasogastric tube should be 
inserted. 

Breathing: commence and continue mouth to mouth 
or mouth to mouth and nose ventilation.

Circulation: commence and continue chest compres-
sions in the ratio 15 compressions to 2 ventilations until a 
satisfactory output is achieved, confi rmed by palpation of a 
pulse or signs of life (i.e. breathing, movement or gagging).

Keep the victim as warm as possible. Remove wet 
clothing and wrap in dry garments/towels if this can be 
done by bystanders without interrupting CPR.

If in a hospital setting or professional help has arrived, 
advanced life support protocols can be followed if neces-
sary (see Section 1.13). 

Respiratory deterioration can be delayed for 4–6 hours 
after submersion, and even children who have initially 
apparently recovered should be observed for at least 
8 hours. Keep the oxygen saturation in the range 94% 
or higher. Once the circulation is restored, take blood for 
haemoglobin, electrolytes (if available) and cross- matching. 
If the patient is in shock, give 10 mL/kg of Ringer- lactate or 
Hartmann’s solution. Reassess and repeat if required. Give 
fl uids warmed to body temperature if possible.

Disability and neurological examination (AVPU scale). 

Exposure and temperature control: the core tem-
perature measurement is best taken with a low- reading 
thermometer.

Secondary assessment and emergency 
treatment
Ensure that there are no other injuries requiring treatment. 
Examine the patient from head to toe. Any injury may have 
occurred during the incident that preceded immersion, 
including spinal injuries (see Sections 4.2.D and 7.3.A). 
Older children or pregnant women may have ingested 
alcohol and/or drugs.

Hypothermia 
A core temperature reading should be obtained as soon 
as possible, and further cooling prevented. Hypothermia is 
common following drowning, and adversely affects resus-
citation attempts unless it is treated. 

The advantages of endotracheal intubation in hypo-
thermia (if a skilled person is available) outweigh the small 
risk of precipitating arrhythmias. Not only are arrhythmias 
more common, but some, such as ventricular fi brillation, 
may be refractory to treatment at temperatures below 
30°C, when defi brillation should be limited to three shocks 
(see Section 1.13) and inotropic or anti- arrhythmic drugs 
should not be given. 

If defi brillation is unsuccessful, the patient should be 
warmed to above 30°C as quickly as possible, when 
further defi brillation may be attempted. The dose interval 
for resuscitation drugs is doubled between 30°C and 
35°C. Resuscitation should be continued until the core 
temperature is at least 32°C or cannot be raised despite 
active measures. 

Once above 32°C the temperature should ideally rise 
by 0.25–0.5°C per hour to reduce haemodynamic instabil-
ity. Most hypothermic patients are hypovolaemic. During 
rewarming, vasodilatation occurs, resulting in hypotension 
which requires warmed IV fl uids, but it is important not to 
give too much and risk circulatory overload and pulmonary 
oedema. Continuous monitoring of the pulse rate, respira-
tory rate and liver size, and auscultation of the lungs looking 
for crepitations that might suggest pulmonary oedema, are 
essential. Therapeutic hypothermia (32–34°C) for at least 
24 hours has been shown to improve the neurological out-
come in some patients, and may be of benefi t in children 
who remain comatose, but requires high- level intensive 
care facilities.

Rewarming strategies 
External rewarming

 O Remove cold wet clothing.
 O Supply warmed dry blankets.
 O If these are not immediately available, place the child in 

skin- to- skin contact with an adult (kangaroo- type care).
 O Warm air system (fan heaters).
 O Heating blanket.

Core rewarming
 O Warm IV fl uids to 39°C to prevent further heat loss.
 O Beware rewarming shock. Do not allow the temperature 

to rise > 37°C.

Monitoring
 O Core temperature.
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 O Vital signs: heart rate, respiratory rate, blood pressure, 
capillary refi ll time and pulse volume.

 O ECG tracing (if available).
 O Glucose, electrolytes, and blood gases (if available).
 O Basic blood clotting tests.
 O Chest X- ray.
 O Urine output and urinalysis.
 O Blood culture.

Prophylactic antibiotics are often given after immersion 
in severely contaminated water. Fever is common during 
the fi rst 24 hours, but is not necessarily a sign of infection. 
Gram- negative organisms, especially Pseudomonas aer-
uginosa, are common, and Aspergillus species have been 
reported. If an infection is suspected, broad- spectrum IV 
antibiotic therapy (e.g. cefotaxime) should be started after 
blood and sputum cultures (if available).

Keeping the patient normoglycaemic is important for 
the neurological outcome.

Prognosis
The outcome is determined by the duration of hypoxic–
ischaemic injury and the adequacy of initial resuscitation. It 
is assumed that hypoxic brain damage is reduced when the 
brain cools before the heart stops. No single factor can pre-
dict good or poor outcome in drowning reliably. However, 
the following factors may give an indication of outcome.

Immersion time
Most children who have been submerged for more than 
10 minutes have a very small chance of intact neurological 
recovery or survival. 

Time to basic life support
Starting basic life support at the scene greatly reduces 
mortality, whereas a delay of more than 10 minutes is 
associated with a poor prognosis.

Time to fi rst respiratory effort
If this occurs within 3 minutes after the start of basic car-
diopulmonary support, the prognosis is good. If there has 
been no respiratory effort after 40 minutes of full cardiopul-
monary resuscitation, there is little or no chance of survival 

unless the child’s respiration has been depressed (e.g. by 
hypothermia, medication or alcohol).

Core temperature
Pre- existing hypothermia and rapid cooling after submer-
sion also seem to protect vital organs and can improve 
the prognosis. A core temperature of less than 33ºC on 
arrival and a water temperature of less than 10ºC have 
been associated with increased survival. This effect is 
pronounced in small children because of their large surface 
area to weight ratio.

Persistent coma
A persistent GCS score of less than 5, or a score of U on 
the AVPU scale, indicates a poor prognosis.

Type of water
Whether the patient was in salt or fresh water has no bear-
ing on the prognosis.

When to stop resuscitation
 O Immersion time: most children who do not recover have 

been submerged for more than 10 minutes.
 O If the fi rst gasp occurs between 1 and 3 minutes after 

cardiopulmonary resuscitation, the prognosis is good.
 O Intact survival has been reported after cold submersion 

for 1 hour.
 O Survival has been reported after 6.5 hours of cardiopul-

monary resuscitation.
 O A child has been revived from a body temperature of 

15°C but cool- water drowning does not have the pro-
tection offered by ice- cold water.

 O Failure to restore a perfusing rhythm within approxi-
mately 30 minutes of rewarming to 32–35°C makes 
further efforts unlikely to be successful.

 O Resuscitation should not be discontinued until 
the core temperature is at least 32°C or cannot be 
raised.

Resuscitation should only be discontinued out of hospital 
if there is clear evidence of futility, such as massive trauma 
or rigor mortis. 

7.3.F Heat stroke and hypothermia

BOX 7.3.F.1 Minimum standards
Heat stroke

 Q ABC.
 Q Shock treatment.
 Q Ice packs.
 Q Fans.

Hypothermia
 Q Skin- to- skin contact with carer.
 Q Warm blankets and clothing.
 Q Heated blanket.
 Q Infra- red warming lamp

Heat stroke
Clinical signs

 O Confusion.
 O Tachycardia.
 O Fever (> 40°C)
 O Hot dry skin.
 O Tachypnoea.
 O Hypotonia.

Pathophysiology
 O Neurological impairment.
 O Renal insuffi ciency.
 O Disseminated intravascular coagulation.
 O Acute respiratory failure.
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 O May have underlying infection predisposing to heat 
stroke.

Treatment
 O Urgent cooling: Aim to cool the patient within 30 min-

utes. Remove clothes, spray with cool water, use a fan 
if available, and apply ice packs to the neck, axillae and 
groin. It is especially important to cool the head.

 O Provide system support as necessary.
 O Give fl uids intravenously, especially if there is respira-

tory failure.
 O Give oxygen.
 O In hot climates, each hospital should have a cool room 

(ice or air- conditioned) for emergency treatment.

Hypothermia: prevention and treatment
Hypothermia occurs in association with drowning, and it 
may also occur during sepsis, especially in the very young 
child. Malnourished children in particular have a low meta-
bolic rate. The thermoneutral temperature is 28–32°C. At 
24°C they can become hypothermic. Those with infection 
or extensive skin lesions are at particular risk. A hypothermic 
malnourished child should always be assumed to have 
septicaemia.

Signs
The signs of hypothermia are a core temperature (oral) 

< 35.5°C (with low reading thermometer). If axillary tempera-
ture is < 35°C or does not register, assume hypothermia.

Routine prevention
 O Cover all sick children with clothes and blankets unless 

they are febrile.
 O Keep the ward doors and windows closed to avoid 

draughts.
 O Avoid wet nappies, clothes or bedding.
 O Do not wash very ill children. Others can be washed 

quickly, ideally with warm water, and dried immediately.
 O Avoid making a sick or injured child cold when undertak-

ing medical examinations.

Emergency treatment of hypothermia
 O Immediately place the child on the carer’s bare chest 

or abdomen (skin to skin) and cover both of them. Give 
the mother a hot drink to increase her skin blood fl ow.

 O If no adult is available, clothe the child very well (including 
the head) and put them near a lamp or radiant heater, 
or use a warming blanket if one is available.

 O Immediately treat for hypoglycaemia (see Section 5.8.B), 
and then start normal feeds if appropriate to the child.

 O Consider sepsis, and give condition-  and age- 
appropriate antibiotics.

 O Monitor the temperature every 60 minutes until the 
temperature is normal (> 36.5°C).

7.3.G Landmine injuries

BOX 7.3.G.1 Minimum standards
 Q ABC resuscitation.
 Q Shock management. 
 Q Analgesia.
 Q Anti- tetanus immunisation and immunoglobulin.
 Q Prostheses that are changed as the child grows.

Patterns of injury
 O Injuries caused by stepping on to a buried blast 

mine or improvised explosive device (IED): traumatic 
amputation of the detonating limb, with fragment and 
minor blast damage to the other leg (most common 
injury).

 O Injuries caused by fragmentation landmine or IED: 
widespread fragment injury to the limbs and trunk.

 O Injuries caused by close- proximity detonation of 
a landmine or IED in the hand or close to the face: 
amputation of the hand or arm, plus damage to the 
face, eyes and head. Usually occurs in mine clearers or 
in those handling weapons.

Some mines are scattered from aircraft or by shells to lie 
on the surface of the ground. These weapons are unstable 
and likely to explode when handled. Unexploded ordnance, 
such as grenades, can also explode if handled, resulting in 
the same pattern of injury. Recently IEDs have been placed 
next to roads and pathways, causing similar injuries.

Specifi c problems in children
 O Children sustain a higher level of injury per gram of 

explosive than adults, because of their smaller body 
mass. A small antipersonnel mine of approximately 
30 grams, which would normally require a below- knee 
amputation in an adult, may result in an above- knee 
amputation in a child.

 O Children are susceptible to close- proximity detonation 
injuries, because of their tendency to pick up and play 
with objects that they fi nd.

Treatment
 O Initial surgical management follows the basic principles 

of resuscitation (see Section 7.3.A).
 O In injury caused by stepping on a buried blast mine or 

IED, airway maintenance is not usually a problem, as 
the child is frequently conscious.

 O As with all injured children, fear and bewilderment due to 
pain and the unfamiliar surroundings can be distressing 
for all involved.

 O In close- proximity detonation injury, airway maintenance 
can be a problem. The patient is often unconscious and 
there may be damage to the upper airway from the blast. 
A tracheostomy may be required. 

 O Benzylpenicillin and anti- tetanus toxoid should be 
administered in all cases.

 O Anaesthesia can be achieved using a ketamine infusion 
(see Section 1.15 for pain relief).
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Injury from stepping on to a buried blast 
mine or IED: technique of amputation

 O On the operating table, a thorough wash with warm 
clean water and a scrubbing brush will get rid of the 
gross contamination and general soiling of the limbs 
prior to formal skin preparation.

 O Always use an above- knee orthopaedic tourniquet 
to minimise peri- operative blood loss, which is pro-
portionally greater in children than in adults.

 O Perform a standard amputation according to International 
Committee of the Red Cross surgical guidelines. 
Remember the following points:

 — The muscles are usually contused more proximally by 
blast damage than may be initially apparent.

 — Dirt and contamination can be propelled up tissue 
planes by the blast. An amputation through the blast 
damage can leave contamination in the wound.

 — Make a bulky myoplasty to cover the bone end using 
the medial gastrocnemius below the knee, or the 
medial vastus above the knee. Leave generous skin 
fl aps, as the muscle in the stump will swell consider-
ably post- operatively.

 O Make an anterior bevel to the bone when dividing it, and 
fi le the edges down.

 O Let the tourniquet down when the amputation is com-
pleted, to check haemostasis before applying the 
dressing.

 O Perform thorough wound toilet of the injuries to the other 
leg. Explore all wounds and excise contaminated tissue. 
Leave these wounds open to be closed or skin grafted 
at 5 days post- operatively.

 O Never close the amputation stump primarily. Lightly 
pack the open stump with gauze and apply a bulky 
dressing. Write on the dressing the date for wound 
inspection (usually at 5 days post- operatively).

 O Do not take the dressing down on the ward unless the 
patient manifests signs of systemic toxicity (i.e. fever, 
tachycardia, foul- smelling dressing).

 O Give blood only if the haemoglobin level falls to less 
than 8 grams/dL.

 O Give IV benzylpenicillin for 48 hours (50 mg/kg 6- hourly), 
then orally for a further 3 days (12.5 mg/kg four times 
daily).

 O Give appropriate tetanus prophylaxis (see Section 7.1).
 O Inspect the wound at 5 days. If the tissue is healthy and 

not infected, close with interrupted non- absorbable 
sutures over a drain. Leave the sutures in for 3 weeks.

 O Early physiotherapy is crucial to success, especially 
to eliminate flexion contracture of the below- knee 
amputation.

 O Refer early to a prosthetic workshop for casting. Children 
will need several sets of prostheses as they grow.

7.3.H Gunshot wounds

BOX 7.3.H.1 Minimum standards
 Q ABC resuscitation.
 Q Shock.
 Q Analgesia. 
 Q Anti- tetanus immunisation and immunoglobulin.
 Q Penicillin.
 Q X- rays and ultrasound.
 Q High dependency care.

Introduction
Although the end of the Cold War led to a reduction in 
the risk of confl ict in Europe, numerous confl icts continue 
to rage in the developing world. Many of these confl icts 
are between ill- disciplined or irregular armies who often 
specifi cally target civilian populations in defi ance of the 
Geneva Conventions. In this process, children are inevitably 
susceptible to sustaining gunshot wounds.

The International Committee of the Red Cross has 
drawn attention to the global proliferation of weapons. For 
example, there are estimated to be as many as 125 million 
AK47 assault rifl es in circulation worldwide. As confl icts 
resolve, these weapons become marketable commodities 
and spread to neighbouring states, where they become the 
criminal’s weapon of choice. The net result of this is injury 
to the civilian population, including children.

Ballistics
The science of ballistics addresses aspects of missile and 

bullet fl ight and relates these to the potential for injury. The 
following issues are relevant to the mechanism of wounding:

 O When a bullet impacts on tissue it will impart some of 
its kinetic energy to that tissue.

 O This will cause the tissue to accelerate away from the 
track of the projectile, resulting in a temporary cavity.

 O Once the bullet has passed, the inherent elasticity of the 
tissues will cause the temporary cavity to collapse, leav-
ing some degree of permanent cavity along the track.

The extent to which cavitation occurs is governed by the 
amount of kinetic energy imparted to the tissues by the 
projectile. The equation governing this is as follows:

kinetic energy = ½ m (V1
2 – V 2

2 )

where m is the mass of the projectile, V1 is the velocity on 
entering the tissues and V2 is the velocity on exiting. The 
degree to which the projectile’s velocity is attenuated while 
transiting the tissues is dependent upon the diameter of the 
bullet, its orientation and fl ight characteristics on impact, 
and the nature of the tissue itself.

Categories of gunshot wounds
In practice, the masses of most commonly used bullets are 
similar, and thus the velocity of the projectile largely defi nes 
the injury potential. In this regard, gunshot wounds can 
largely be divided into three categories depending on the 
nature of the weapon used.
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Handguns
 O The commonest types of handgun feature a bullet with 

a diameter of 9 mm and a muzzle velocity of around 
1000 feet/second.

 O Only a small temporary cavity is formed, and the injury 
is essentially confi ned to the bullet track.

 O Provided that the bullet has not transected any major 
structures, the degree of injury may only be slight.

 O Some of the bullets for these types of weapon are 
designed to deform on impact. These are the hollow or 
soft-  (lead- ) tipped bullets. On impact they tend to fl at-
ten, presenting a greater surface area to the direction of 
travel, thus resulting in an increased transfer of energy 
and greater wounding effect.

Shotguns
 O The cartridge contains multiple pellets of a specifi ed 

diameter.
 O This diameter can range from 1 mm (‘birdshot’) to 10 mm 

(‘buckshot’).
 O Once fired, the pellets disperse in a cone- shaped 

pattern.
 O The degree and rapidity of dispersion are proportional to 

the size and number of pellets as well as the diameter 
of the shotgun barrel at the muzzle.

 O Due to their aerodynamics, the velocity of individual 
pellets will attenuate over short distances, even in air. 
Furthermore, the conical dispersion leads to a rapid 
decline in the number of pellets that will hit a particular 
target as the range increases.

 O The above factors lead to this weapon being virtually 
ineffective at ranges over 50 metres.

 O A severe pattern of injury is seen at close range. Although 
each pellet may only be travelling at low ballistic velocity, 
the combined effect of multiple pellets is a formidable 
destructive force, shredding the tissues and causing 
massive disruption.

Military assault rifl es
 O These weapons typically have a bullet 7.62 mm in 

diameter that leaves the weapon at a speed of around 
3000 feet/second.

 O Rifl ing of the barrel sets the bullet spinning, which, 
combined with the increased velocity, leads to greater 
accuracy at long range.

 O Rather than following a uniform fl ight path, the bullet 
has a periodic motion, oscillating around its fl ight axis 
with the movements of precession, nutation and yaw.

 O The very much greater kinetic energy of these bullets 
leads to a much larger temporary cavity than is seen in 
low- velocity munitions.

 O The sub- atmospheric pressure in the cavity will tend 
to suck in clothing and other debris from outside the 
wound, causing contamination.

 O The shock front of accelerating tissue, propagating 
away from the point of impact, causes stretching and 
tearing of the tissues, cellular disruption and microvas-
cular injury.

 O The margin of tissue around the cavity, termed the 
zone of extravasation, is full of haemorrhage, has lit-
tle tendency to further bleeding and, if muscle, shows 
no tendency to contract when stimulated. This tissue 
is non- viable and will become a culture medium for 
infection if left in situ.

 O The shock wave itself can cause fracture of bone and 
intimal disruption of major vessels.

 O The oscillating nature of the bullet trajectory can cause 
it to ‘tumble’ on impacting with the tissues. When this 
occurs, due to the non- uniform motion, even greater 
proportions of the kinetic energy are transmitted. The 
resulting tissue acceleration can lead to the exit wound 
made by such a bullet being very much larger than the 
entry wound.

 O The nature of the tissue being transited has a great 
impact on the extent of damage occurring. Relatively 
elastic, compressible tissue such as lung propagates 
the shock wave to a much lesser extent than dense, 
fl uid- fi lled tissue such as liver. Therefore a high- velocity 
bullet may transit lung causing only contusion, whereas 
transiting solid organs causes gross disruption.

Treatment
Although it is clearly impossible to cover the treatment of 
gunshot wounds to every possible anatomical structure in 
the body, there are some themes common to all such inju-
ries. Most of the wounds encountered will be to the limbs, 
as gunshot wounds to the head, chest and abdomen have 
a high rate of on- scene mortality.

Protocols for treating gunshot wounds have been 
adopted and publicised by the International Committee of the 
Red Cross (ICRC), who have extensive experience of treat-
ing such injuries as part of their war surgery programmes.

Initial measures
The initial measures in the treatment of gunshot wounds 
are similar to those for any severe injury.

 O General assessment and resuscitation of the patient, 
addressing potentially life- threatening conditions 
according to ABC priorities (compressing exsanguinat-
ing haemorrhage, airway, breathing, circulation), is the 
priority (see Section 7.3.A).

 O The degree to which fl uid resuscitation should be carried 
out has been controversial. An initial bolus of 10 mL/kg 
in a child or 500 mL in pregnancy of Ringer- lactate or 
Hartmann’s should be given and the response to this 
initial fl uid challenge assessed. The concern is to avoid 
restarting massive bleeding again from disrupting a 
just- clotting wound by increasing peripheral perfusion. 
So until the patient can be in a position to have any 
torn vessels managed, i.e. be in an operating theatre 
with competent staff, and receive a blood transfusion, 
crystalloid fl uid management remains the minimum that 
keeps vital organs perfused.

 O Give analgesia as required (usually IV morphine) (see 
Section 1.15).

 O Apply dressings to the open wounds.
 O Undertake emergency splintage of fractures.
 O Antibiotics: the ICRC recommend IV benzylpenicillin 

at a dose appropriate to the size of the child (usually 
50 mg/kg IV 6- hourly) and in pregnancy 600–1200 mg 
IV 6- hourly.

 O Give tetanus toxoid and antitetanus serum.
 O Appropriate radiographs of the injured areas should 

be taken.
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Wound assessment
Before proceeding to surgical treatment, the following 
aspects of the wound need to be assessed:

 O From the history, the nature of the weapon used (if 
known).

 O The site of the entrance wound (and exit wound, if 
present).

 O The sizes of the entrance and exit wounds.
 O Cavity formation.
 O The anatomical structures that may have been transited.
 O Distal perfusion.
 O Presence of fractures.
 O Degree of contamination.

Wound debridement and management
This involves removal from the wound of any dead and 
contaminated tissue which if left would become a medium 
for infection. It is most relevant to high- energy- transfer 
(high- velocity) wounds, which feature large cavities and 
considerable amounts of dead tissue and contamination.

 O Wound debridement should be a planned procedure 
with prior consideration given to the position of the 
patient and the type of anaesthesia required.

 O For limb wounds, a pneumatic tourniquet should be 
used where possible to reduce blood loss.

 O Skin incision decompresses the wound and allows 
swelling of the tissues without constriction.

 O Where possible, the incisions should be longitudinal and 
not cross joints.

 O Skin is a resilient tissue, so only minimal excision is 
usually necessary.

 O Dead and contaminated tissue should be excised.
 O Dead muscle is dusky in colour, shows little tendency 

to bleed, and does not contract to forceps pressure.
 O Foreign material should be excised from the wound. 

However, the obsessive pursuit of small metallic debris, 
such as that from a disintegrating bullet or shotgun pel-
lets, is not worthwhile.

 O Bone fragments denuded of soft- tissue attachment 
(muscle or periosteum) should be removed as, if left in 
the wound, they will become infected and form osteo-
myelitic sequestrae.

 O There should be no primary repair of nerve or tendon. 
Where obviously divided, these structures should be 
marked (with suture) for later repair.

 O At the end of the procedure, the debrided wound should 
be washed with copious quantities of saline and then a 
dry bulky sterile dressing applied.

 O Some low- energy- transfer (low- velocity) wounds, such 
as those from most handguns, because of the minimal 
cavitation and zone of extravasation, do not need the 
extensive debridement and excision outlined above. 
These wounds can, in certain circumstances, be man-
aged without surgery.

Delayed primary closure
Once wound debridement has been undertaken, the 
patient can be returned to the ward and the following 
regime followed:

 O Continued analgesia.
 O Benzylpenicillin; IV 50 mg/kg every 4 hours for the fi rst 

24 hours and then orally for a further 4 days (12.5 mg/
kg four times daily).

 O Monitoring of the patient for signs of sepsis; check their 
tetanus status.

 O The dressing should be left in place on the ward and 
only removed when the patient returns to theatre after 
an interval period for delayed primary closure.

 O The ICRC recommend an interval period of 5 days, but 
most recent practice tends towards shorter periods of 
48–72 hours.

 O The only indication for return to theatre and dress-
ing removal before this interval period has elapsed is 
an offensive dressing combined with signs of patient 
sepsis. The most common cause of this situation is an 
inadequate initial wound excision.

In the process of delayed primary closure:
 O The dressing should be removed in theatre under appro-

priate anaesthesia.
 O If clean, the wound can be closed, or if skin cover is 

defi cient, split- skin grafted.
 O If there is evidence of infection, further debridement/

excision can be undertaken and the process repeated, 
aiming for delayed closure after a further 5 days.

 O Following closure, rehabilitation of the injured part can 
commence.

Specifi c features relating to certain 
anatomical sites

 O Wounds of the head and neck, by virtue of the enhanced 
vascular supply to these areas, can safely be closed or 
reconstructed at the initial operation.

 O Wounds to major vessels need to be reconstructed 
primarily.

 O Breaches of the dura, pleura and peritoneum should, 
where possible, be closed at initial surgery.

 O Most gunshot wounds to the chest can be treated with 
tube thoracostomy alone.

 O Penetration within 5 cm of the midline of the thorax or 
abdomen is associated with a risk of injury to the great 
vessels or heart.

 O Gunshot wounds to the head that transit the cranial 
cavity carry a very poor prognosis, especially if from a 
high- energy- transfer weapon.

 O Penetrating gunshot wounds of the abdomen are asso-
ciated with a more than 85% chance of bowel or major 
organ transit. Exploratory laparotomy is therefore virtu-
ally mandatory.

Conclusion
Gunshot wounds from any type of weapon represent a 
severe injury. Some understanding of ballistics can help 
in the assessment of these injuries. Treatment according 
to basic principles, such as those recommended by the 
International Committee of the Red Cross, can lead to a 
satisfactory outcome even with limited clinical resources.
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7.3.I.a Ingestion burns

BOX 7.3.1.A Minimum standards
ABCD management.

 Q IV steroids.
 Q Stomal feeding.
 Q Oesophageal dilation/stenting.
 Q Oesophageal reconstruction.

Introduction
Oral and oesophageal burns occur in three groups of 
patients: unintentional ingestion of hot or caustic liquids 
by young children, or by people of any age with delayed 
development (poor supervision plays an important part in 
each of these two groups), and ingestion to cause inten-
tional self- harm.

Types of ingestion burns
Hot fl uids

 O Burns from drinking hot fl uids are relatively rare in devel-
opmentally normal children, but can occur in those with 
learning diffi culties.

 O Normally only the mouth is burned.
 O Swelling and blistering can be very rapid, and require 

an oral or nasal (preferred) airway.
 O Swelling usually goes down within 48 hours, and the 

need for further treatment is unusual.

Caustic fl uids
 O Burns from drinking caustic fl uids are much more severe.
 O In general, caustic alkali solutions are more damaging 

to tissues than acids.

Immediate treatment
 O In the home or at the place where ingestion occurred, 

the immediate drinking of a small amount of milk (this is 
futile after 30 minutes) may have some benefi cial effect 
in the case of ingestion of solid or granular alkalis, but 
not for liquid alkalis or for acids. 

Hospital treatment
 O Assess Airway, Breathing and Circulation. If there are 

signs of respiratory distress with stridor, the airway 
must be urgently secured. Intubation is diffi cult and may 
cause perforation, so a cricothyroidotomy followed by 
a tracheostomy may be needed. 

 O Do not make the child vomit, as burning fl uid causes 
further damage when passing up the oesophagus.

 O Do not pass a tube into the stomach, as this may 
perforate the oesophagus. A gastrostomy will usually 
be needed

 O Do not attempt to neutralise the chemical (e.g. by 
giving acid for alkali ingestion, or alkali for acid ingestion), 
as this will cause a high- temperature reaction that will 
further damage the tissues.

 O Do not give more milk or give water: it is too late 
and may precipitate vomiting and more damage to the 
oesophagus.

Defi nitive treatment
The only way to assess the oesophageal damage is by 
fl exible oesophagoscopy. If there are signifi cant signs of 
infl ammation, steroids are often used, and there is some 
evidence that they can reduce the severity of any developing 
stricture. The route will have to be parenteral (hydrocorti-
sone 4 mg/kg every 6 hours, maximum dose for children 
under 2 years is 25 mg, for those under 5 years is 50 mg, 
and for those over 5 years is 100 mg per dose). The length 
of treatment is not identifi ed, but should be short (3–4 days) 
in view of the effect of steroids on healing and immunity.

Signifi cant stricture formation will need reconstructive 
surgery or a gastrostomy (see below).

Complications
 O Serious burning, particularly of the oesophagus, can 

lead to perforation, and in the later stages to strictures.
 O Acute perforation of the oesophagus is frequently fatal; 

treat by drip and suction and then thoracotomy if severe.
 O Late stricture during and after the healing phase is a 

very common problem after ingestion of caustic fl uids.
 O Mild cases can be treated by later dilatation of the 

oesophagus.
 O More severe cases may require an oesophagec-

tomy, followed by a stomach pull- up or small bowel 
replacement.

 O However, if the stricture reduces the ability of the child 
to eat, a feeding gastrostomy tube passed through the 
abdominal wall directly into the stomach may be needed 
to provide nutrition.

Prevention
 O Parents and teachers must be informed about the need 

to keep dangerous fl uids out of the reach of children.
 O Never put chemicals in the wrong bottles or containers.

7.3.I.b Burns in children and in pregnancy 

BOX 7.3.1.B Minimum standards
 Q ABC management.
 Q Analgesia.
 Q Antiseptic dressings.
 Q Anti- tetanus immunisation.
 Q Antibiotics.

Summary of actions (more information 
on each action below)

 O Primary assessment and resuscitation according to 
ABC. If there are signs of developing or actual airway 
obstruction, call for an anaesthetist, open the airway 
and consider early intubation before swelling and total 
respiratory obstruction occur. Observe closely for shock.
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 O Take a very brief history, and consider whether there 
could be other injuries or medical conditions. 

 O Make a rapid assessment of the burn area, take care 
with clothing removal.

 O If there are clearly more than 10% burns, establish an 
IV cannula and give IV analgesia (morphine according 
to age and weight see Section 1.15).

 O Commence either Ringer- lactate or Hartmann’s solution 
IV in the following volumes in mL:

burn (%) × weight (kg) × 4 per day for a child

burn (%) × weight (kg) × 2 to 4 per day in pregnancy

 O Fluid is given over the fi rst 24 hours, backdated to the 
time of the burn. Half of the fl uid should be given (in 
hourly divided doses) during the fi rst 8 hours, and the 
second half in the next 16 hours, again in hourly doses. 
This is in addition to maintenance fl uids which can be 
given later and orally if the child is able to take these 
(see below). Any fl uid boluses given IV to treat shock 
should be included in the additional fl uid for the burn 
and subtracted from that calculated as described above.

 O Normal (0.9%) saline can be used if Ringer- lactate or 
Hartmann’s solution are unavailable, but be aware that, 
especially in larger volumes, normal saline causes a 
hyperchloraemic acidosis which is detrimental to sick 
or injured patients.

 O Even if there are less than 10% burns, consider IV opi-
ate analgesia if the patient is clearly distressed by pain.

 O Do not give oral fl uids immediately.
 O Make an accurate assessment of the area of the burn 

and draw its position on a chart (see Table 7.3.I.B.1 and 
Figure 7.3.I.B.1).

 O Estimate the depth of the burn.
 O Establish, and if necessary update, the anti- tetanus 

status of the patient.
 O Consider and decide whether an escharotomy is neces-

sary for circumferential burns on a limb or the chest that 
may cause tissue necrosis from compression by swelling 
tissues or restriction of ventilation.

 O Dress the burned areas, or treat any area that is going 
to be kept exposed.

 O Consider and decide whether the patient needs admis-
sion (for a child, with their parent).

 O Commence oral fl uids if the patient can drink. If not, add 
the maintenance fl uids to those given for the burn as 
calculated above. In burns over 8% divide the calculated 
daily maintenance requirement by 24 and give it on an 
hourly basis either orally or IV. 

 O Decide whether the patient requires urinary catheteri-
sation (over 30% burns, or burns with complications).

Introduction
The skin is a barrier to infection and evaporative fl uid loss. 
It is a sensory organ and it regulates temperature through 
sweating.

 O The severity of a burn depends both on the area of the 
body involved and on the depth of the burn.

 O The majority of burns in children occur in those under 
2 years of age and are caused by hot fl uids or fl ames.

 O Other causes include electricity, chemicals, radiation 
and frostbite.

 O Burns are more common where there is poverty from 
overcrowding and unsafe heating and cooking practices.

Defi nition of terms
Erythema or fi rst- degree burn: This causes an increase 
in skin capillary blood fl ow. In pigmented skin it is often dif-
fi cult to recognise, but is characterised by pain, and a slight 
thickening and change in texture of the surface of the skin 
with later partial or complete desquamation occurring some 
days afterwards. The important feature is that blistering 
does not occur, and fl uid is not lost from the circulation. 
Intravenous fl uids are therefore not needed for the burn. 
It heals without scarring within 2–10 days.

Superfi cial partial- thickness burn: This is skin in 
which there is early (within 1 hour) blistering following the 
injury, associated with pain. If the blisters are removed 
(do not remove them), the exposed surface is shiny, loses 
pigmentation in pigmented races, and is extremely painful. 
Pressure on the surface causes blanching, which on release 
of the pressure instantly becomes red again. It heals within 
7–14 days with mild pigmentation change or scarring.

Deep dermal burn: Red blood cells leave the capillaries 
and become fi xed in the dermis. In non- pigmented skin, 
therefore, the redness does not blanch on pressure. This 
is much more diffi cult to diagnose in pigmented skin, but 
the skin becomes thicker and harder in the area. Blistering 
occurs later, or may not occur at all. If the burn is in the 
deeper part of the dermis, the heat breaks down the red 
cells and the area becomes white with no blanching pre-
sent. Removal of the blistering, if it has occurred, leaves 
a bed that is wet and shiny, but has only mild discomfort 
as the nerve endings have been damaged. It heals within 
14–21 days with scarring which is often hypertrophic. 
Grafting will usually be required.

Both of the last two categories may be called a 
second- degree burn, but as the treatment may be 
different, the type that is present should be accurately 
diagnosed.

Deep burn: All elements of the skin and the skin hair 
follicles, sweat glands, etc. are destroyed. The skin is either 
white or charred brown. No blistering occurs. It is painless 
on examination. Severe scarring occurs and grafting will 
always be required. This may be called a third degree 
burn. A burn involving tissue damage occurs at tempera-
tures above 48°C and after only 1 second at 70°C.

Capillary permeability is increased for up to 48 hours, 
and is maximal at 8 hours. With large burns there is 
increased blood viscosity, haemoglobinuria may occur, 
and there is a loss of protein, which needs to be corrected 
by adequate nutrition. 

First aid
Cold water rapidly applied is the best fi rst aid. The quicker 
this is done, the better. The longer the skin is in contact 
with the fl ame or hot fl uid, the greater is the extent and 
depth of burning. The best fi rst aid in all situations, except 
those involving electricity, is cold water or other cold fl uid 
(e.g. milk) applied as soon as possible. It is less important 
whether the water is sterile or not, and it should be applied 
before the clothes are removed, as removal can often take 
some time. Cold water reduces the severity of the burn 
as it removes thermal energy, and also reduces pain. It 
should ideally be applied for approximately 10 minutes, 
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but no longer. Following this, the burn should be covered 
with clean sheets or towels or ‘clingfi lm’ plastic wrapping.

If the cause of the burn is electricity, it is important that 
the patient is isolated from the electricity supply or that it is 
turned off before cold water is applied, otherwise greater 
damage may be caused.

Following the period of cooling with water, the patient 
needs to be kept warm, otherwise hypothermia can result, 
particularly in young babies.

Primary assessment
 O Assessment of a burn must be carried out in the same 

way as assessment of any other injury.
 O It is quite possible that the burn is not the major injury or 

problem when the patient is seen. For instance, it may 
have been an epileptic attack that caused the burn, or 
the patient may have fallen or jumped from a burning 
house, or been involved in a road traffi c accident and 
therefore has multiple fractures and/or a head injury.

 O Special issues regarding burns in pregnancy. Any 
burn affecting more than 20% total body surface area 
(TBSA) is a serious risk to the mother and fetus. In a 
mother with a burn > 70–80% of the TBSA mortality is 
50–90%. If the burn affects < 30% TBSA the prognosis 
is good for both fetus and mother and depends on the 
management of complications such as hypoxia, hypo-
tension and sepsis.

ABC
Airway and Breathing

 O If either of these is compromised, call for an anaesthetist 
and open the airway. Early endotracheal intubation may 
be required.

 O If fl ame inhalation has occurred (see below for more 
information on inhalation burns), the airway tends to 
close very rapidly, making intubation very diffi cult. Apart 
from the history, the signs to observe are altered voice 
or presence of stridor, singeing of the nasal hairs, and 
deposition of soot in the throat or nose.

 O Remove any constricting clothing and place the patient 
in dry and clean sheets or towels. 

 O Give additional inspired oxygen if SaO2 is < 94% or the 
patient is cyanosed.

 O If breathing is inadequate, use a bag-valve-mask and 
consider intubation if the airway is compromised or may 
imminently become so. 

 O Chemical damage may occur from highly irritant gases, 
which can lead to progressive respiratory failure. 

 O Many plastics and modern materials give off cyanide, 
which may be absorbed into the blood stream. 

 O Carbon monoxide is the most common poison pro-
duced in fi res.

Circulation
 O Fluid is lost through the capillaries following a burn. 

Shock takes time to develop. In minor burns this is 
a local phenomenon, but in severe burns all of the 
vascular bed becomes leaky. Assess the total body 
surface area (TBSA) affected (see below).

 O A patient with a burn of less than 10% of the total 
body surface area can normally cope by having their 
oral intake increased. However, this is not an absolute 
fi gure, and in particular if the patient is vomiting, IV fl uid 

may be necessary for a smaller burn. Similarly, if safe 
IV fl uid is not available, a burn of up to 25% may have 
to be managed with increased oral fl uids alone. When 
oral fl uids are being used, either in combination with IV 
therapy or alone, only small regular doses of fl uid should 
be given by mouth.

 O For burns that are 5% or larger, oral fl uids should be an 
electrolyte solution (ORS).

 O Fluid loss is greatest in the fi rst 12 hours, causing dis-
turbances in fl uid and electrolyte composition.

 O For burns of 10% or more, secure IV access and replace 
fl uids with warmed Ringer- lactate or Hartmann’s each 
containing 5 or 10% glucose (see below for calculating 
TBSA and the Appendix for how to make up solutions 
containing glucose).

Management of the circulation in pregnancy
A pregnant woman requires 2 to 4 mL per kg per 1% of 
body surface area burnt to be given over the fi rst 24 hours in 
addition to baseline maintenance fl uids. Half of this volume 
is given in the fi rst 8 hours, half in the next 16 hours. The 
quantity of fl uid given in the fi rst 8 hours must include any 
fl uids given as a resuscitation bolus for shock.

 O Monitor urinary output (should be > 30 mL per hour).
 O Assess the need to deliver the fetus. Fetal survival is 

poor in burns affecting > 50% TBSA. In view of the high 
mortality in mothers with such extensive burns, those 
in the second or third trimester should be delivered as 
soon as possible after admission as fetal survival is 
not improved by waiting and the presence of the fetus 
increases the risk to the mother. Abortion is common in 
patients with burns > 33% TBSA, especially during the 
second trimester. Fetal loss during the third trimester 
can be expected with extensive burns unless delivery 
occurs. Dexamethasone to reduce respiratory distress 
syndrome in a preterm infant (Section 3.1) is not con-
traindicated in the presence of extensive burns.

Management of the circulation in childhood
Children usually require 4 mL per kg per 1% body surface 
area burnt (TBSA) to be given over the fi rst 24 hours in 
addition to baseline maintenance fl uids. Half of this volume 
is given in the fi rst 8 hours, half in the next 16 hours. To 
avoid circulatory overload, the quantity of fl uid given in the 
fi rst 8 hours must include any fl uids given as a resuscitation 
bolus for shock.

For example, if there is a 20% burn × 15 kg child × 4 
= 1200 mL of Ringer- lactate or Hartmann’s solution. Give 
600 mL in the fi rst 8 hours from the time of the burn.

Intravenous fl uid management
 O IV Ringer- lactate or Hartmann’s solution or 0.9% saline 

(if the former two are not available) is necessary in 
large burns because of the loss of the intravascular 
component of extracellular fl uid. Glucose 5% alone and 
glucose in 0.18% saline are dangerous and can lead to 
hyponatraemia and water overload. However, especially 
in young children, watch for hypoglycaemia, which 
can be prevented by adding glucose to any crystalloid 
solution (e.g. 50 mL of 50% glucose in a 500- mL bag 
of crystalloid will give a 5% solution). 

 O Ideally, give IV fl uids by peripheral or external jugular 
vein; in an emergency, in shock or where rapid sequence 
induction for intubation is needed, intra- osseous or 
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central venous lines may be needed, but the latter can 
increase the risk of infection.

 O If the patient is in shock, in a child give 10 mL/kg as an 
IV bolus as rapidly as possible and in pregnancy give a 
500 mL IV bolus and then reassess and repeat if they 
are still shocked, up to a maximum of three boluses. 

 O Wherever possible, long IV lines should not be used, as 
this increases the risk of septicaemia.

 O Both natural colloids (i.e. albumin solution and plasma) 
and artificial colloids (e.g. Haemaccel, and various 
starch derivatives) are available. The former have risks 
of transmitting infection and are expensive, and the latter 
have not been well studied for resuscitation of burns, 
but are cheaper.

 O Blood transfusion may be needed if anaemia develops.
 O It is essential that not too much IV fl uid is given, as it may 

lead to pulmonary and/or cerebral oedema, together 
with an excessive extravascular deposition of fluid. 
Crystalloid resuscitation can also lead to ‘compartment 
syndrome’ because of the increasing pressure within the 
muscular compartments and it is important to observe 
for pain, particularly in the lower legs.

 O The amount of fl uid loss from burns decreases over the 
fi rst 48–72 hours after the injury. The amount of fl uid to 
be given initially therefore depends on how long before 
admission the burn occurred. Following this, the assess-
ment of the resuscitation can be made by a combination 
of the clinical picture, i.e. degree of dehydration, the 
blood haematocrit and the urine output aim for 2 mL/
kg/hour of urine in a child and 30 mL/hour in pregnancy. 

 O It is essential that accurate and updated fl uid input and 
output charts are kept throughout. For major burns (over 
30%), hourly haematocrit (or haemoglobin) and urine 
outputs are helpful in the fi rst 24 hours, decreasing in 
frequency thereafter. For burns between 10% and 30%, 
4- hourly tests are normally suffi cient.

 O In larger burns (greater than 30%), burns involving the 
genitals, and burns in young normally incontinent female 
children, a urinary catheter is essential. In males, a uri-
nary bag can be used. A catheter may also be necessary 

if fl uid resuscitation is not proceeding well to give an 
accurate picture of the urine volume produced hourly. 
Catheters can lead to infection and should be removed 
as soon as possible.

Enteral fl uid management
 O Start oral or nasogastric feeding as soon as possible 

after admission. If a child is being breastfed, this should 
continue.

 O Although thirst is common, giving too much free fl uid 
orally may induce vomiting.

 O For burns between 5% and 10% the daily requirement 
of the patient’s oral intake should be increased by 50% 
to allow for the burn (given on an hourly basis).

 O The normal oral requirement of a child can be calcu-
lated as 100 mL/kg for the fi rst 10 kg, 50 mL/kg for the 
next 10 kg, and 25 mL/kg for any weight up to the total 
weight of the child. The normal daily fl uid requirement 
in pregnancy is 1500–2500 mL. 

 O This may need to be increased by 10% or 20% in hot 
climates.

 O The oral fl uid given should ideally be ORS. If this is not 
available, diluted milk is acceptable.

 O If all is well after 24 hours, free fl uids can be given, but 
careful input and output charting will continue to be 
required.

Maintenance of body temperature: burnt children can 
lose heat rapidly.

Feeding
 O Early feeding (especially breastfeeding) reduces the 

risk of gastric stress ulcer formation and of stasis. It is 
recommended therefore that small quantities of food 
are given either orally or with a thin- bore nasogastric 
tube. The latter can be used to give milk or other similar 
high- protein foodstuffs.

 O Parenteral nutrition is strongly contraindicated, as this 
leads to a high risk of septicaemia in burns patients.

Burn area and depth

TABLE 7.3.I.B.1 Body proportions at different ages for burns assessment (%)

Percentage surface area at:

Area on diagram 0 1 year 5 years 10 years 15 years

A 9.5 8.5 6.5 5.5 4.5

B 2.75 3.25 4.0 4.5 4.5

C 2.5 2.5 2.75 3.0 3.25

Area of burn
Estimation of the area of a burn is based on either Wallace’s 
rule of nines, or on charts (see Table 7.3.I.B.1 and Figures 
7.3.I.B.1 and 7.3.I.B.2). In addition, the area of the patient’s 
open palm is approximately 1% of the total body surface 
area. Wallace’s rule of nines is applicable to children over 
14 years of age and to adults. For newborn babies it can 
be modifi ed by adding 9% to the area of the head and sub-
tracting 9% from the area of the legs. For every additional 
year of age, 1% is subtracted from the head and added to 
the legs until, at the age of 10 years, approximately adult 
proportions has been reached. 

In pregnancy the abdomen represents a larger propor-
tion of the TBSA.

The area of the patient’s hand can be used for estimating 
the size of small burns, but can also be used to estimate 
the areas that are unburned in extensive burns, and this 
can then be extracted from the rule of nines fi gures (e.g. 
if 2% of an arm is unburned, the area of burn on that arm 
will be 7%).

 O It is very common for inexperienced people to overes-
timate the size of a burn.

 O Erythema must not be included, as fl uid is not lost.
 O The decision as to whether or not to start IV fl uids is 
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dependent on this initial assessment, and on whether 
there are other injuries or medical conditions.

 O An overestimate may mean that far too much fl uid 
is given.

Depth of the burn
The depth of the burn is based on history, appearance 
and examination.

 O Flame or hot fat burns are almost always deep.
 O Hot water burns (scalds) may be superfi cial or deep 

dermal.
 O The appearance can be altered if more than a few hours 

old, or by the application of various fi rst- aid treatments.
 O First assess capillary return. Prompt capillary return 

means a superfi cial burn.
 O Then test sensation. Is it increased (in a superfi cial partial 

thickness burn), reduced (in a deep dermal burn) or 
absent (in a full- thickness burn)?

 O The test is done by using a sterile hypodermic needle. 
In older children, and in pregnancy, it is possible to ask 
whether they can tell the difference between the sharp 
and the blunt ends when these are lightly applied to 

the burn. In younger children the best way of doing the 
test is to wait until the child is sleeping or has their eyes 
closed, and then very gently touch what appears to be 
the deepest part of the burn. If there is a sudden startle 
refl ex, it is probably a superfi cial partial- thickness burn. 
A slow awakening indicates a deep dermal burn, and if 
it is possible to put the needle into the burn without any 
response it is likely to be a deep burn.

 O In full thickness burns the area is insensitive to pain and 
may appear dirty or white (the eschar).

 O A simple test to distinguish between partial and full thick-
ness burns is to pull a hair out: if it comes out easily the 
burn is full thickness.

Many superfi cial burns become deeper during the fi rst 
48 hours after their occurrence, and need to be reassessed 
at 48 hours.

Inhalational injury 
This includes:

 O thermal damage
 O asphyxiation
 O pulmonary irritation.

Thermal damage
 O This is usually limited to the oropharyngeal area.
 O The exceptions are injuries caused by steam, volatile 

gases, explosive gases or aspiration of hot liquids.

Asphyxiation
Combustion utilises oxygen in the burning environment, 
leading to hypoxia. The production of carbon monox-
ide within the burning environment causes further tissue 
hypoxia by:

 O decreasing the oxygen- carrying capacity of the blood
 O shifting the oxyhaemoglobin saturation dissociation 

curve towards the left
 O decreasing myocardial contractility.

FIGURE 7.3.I.B.1 Wallace’s ‘rule of nines’ for burns assessment in 
children over 14 years of age and adults.

FIGURE 7.3.I.B.2 Body proportions at different ages for burns 
assessment.
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The highest possible concentration of oxygen should be 
given.

Cyanide gas can be released during the combustion of 
plastics, polyurethane, wool, silk, nylon, nitrites, rubber 
and paper products. It is 20 times more toxic than carbon 
monoxide, and can cause immediate respiratory arrest.

Methaemoglobinaemia occurs due to heat dena-
turation of haemoglobin, oxides produced in fire, and 
methaemoglobin- forming materials such as nitrites. Rarer 
than cyanide and carbon monoxide toxicity, this decreases 
the oxygen- carrying capacity of the blood and causes a 
shift of the oxyhaemoglobin dissociation curve to the left, 
similarly to carboxyhaemoglobin (HbCO). Again treat with 
high concentrations of oxygen.

Pulmonary irritation
 O Direct tissue injury.
 O Acute bronchospasm.
 O Activation of the body’s infl ammatory response system. 

Evidence of inhalational injury
 O Burns around the mouth.
 O Soot in the mouth or nostrils.
 O Carbonaceous sputum.
 O Singed facial or nasal hairs.
 O Facial burns.
 O Oropharyngeal oedema.
 O Changes in the voice (hoarseness), and stridor.
 O Altered mental status.
 O History suggesting confinement in a smoke- filled 

environment.

Symptoms may be delayed until 24–36 hours after injury. 
Secure the airway by endotracheal intubation before danger-
ous obstruction develops.

Deliver high- fl ow supplemental oxygen. Inhalation of 
hot gas normally does not injure distal airways, as the heat- 
exchange capacity of the upper airway is excellent. Distal 
airway injury is more likely to be due to the direct effects 
of the products of combustion on the mucosa and alveoli.

Treatment of skin surface burns
Analgesia
In all cases of shock, or potential shock, IV opiate analgesia 
should be given (see Section 1.15).

Oral analgesia is ineffective, and IM analgesia can be 
very dangerous because when the circulatory volume is re- 
established and muscle blood fl ow recommences, the child 
can become overdosed. Opiate overdose can be reversed 
with naloxone given intravenously (see Section 1.15).

Treatment of the burn itself
Minor burns
The best defi nition of a minor burn is one that can be treated 
as an outpatient.

Hospital admission
A child with a burn should be admitted unless it is com-
pletely safe for them to be treated as an outpatient. If 
possible, isolate the child in a warm clean room.

The following patients require admission:

 O all airway burns or patients with a history of smoke 
inhalation

 O burns of more than 5% TBSA in children and in pregnancy
 O deep burns more than 5 cm in diameter
 O moderate burns of the face, hands or perineum
 O circumferential burns of the thorax or extremities*
 O electrical burns (see Section 7.3.D)
 O where there is inadequate social support in the home
 O where there is any suspicion of non- accidental injury.

*If circumferential full- thickness burns involving the 
extremities or the chest are present, escharotomy may 
be necessary.

Dressings
Because a burn is normally caused by hot fl uids or fl ame, 
the burn wound is initially sterile.

Hands should be washed and sterile gloves should be 
worn by all members of the team whenever the patient is 
being touched.

Ideally plastic aprons should also be used to prevent 
cross- infection during dressings, etc.

The purposes of a dressing are:
 O to maintain sterility
 O to relieve pain
 O to absorb fl uid produced by the burn wound
 O to aid healing.

Placement of the dressing
 O The layer of the dressing closest to the wound should 

be non- adherent (e.g. paraffi n gauze) and may contain 
an antiseptic, such as silver sulphadiazine, although the 
evidence that antiseptics are useful to prevent infection 
and promote healing is ambiguous.

 O On top of this dressing should be placed a layer of gauze 
and then sterile cotton wool to absorb fl uid.

 O The whole dressing should be held in place by a 
bandage.

Dressing changes
 O Every time a dressing is changed, there will be pain, and 

the delicate reforming epithelium will be injured.
 O Therefore dressings should not be changed on a 

daily basis, particularly in a superfi cial partial- thickness 
wound. The initial change should be at approximately 
48 hours after the burn, when dressings come off easily, 
the maximum amount of fl uid has been discharged from 
the wound, and it is possible to reassess the wound for 
area and depth.

 O Effective pain relief is vital at dressing changes or 
the child will come to dread the procedure. Providing 
an anaesthetist is present, ketamine provides excellent 
brief anaesthesia of up to 15 minutes with an IV injection 
(over 1 minute) of 250–500 microgram/kg ketamine. For 
longer anaesthesia, an infusion will be needed. A safer 
alternative, especially in pregnancy, is oral morphine (see 
Section 1.15 for doses) given about 30 minutes before 
the anticipated dressing change.

 O If at the fi rst dressing change the wound is still a super-
fi cial partial- thickness burn, the second dressing is left 
for a further 8 days, by which stage healing should 
have occurred.

 O If the wound is deeper, a decision as to whether to 
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operate must be made (see below), but the second 
dressing can still be left for at least a week.

 O If surgery is not possible or appropriate, dressings can 
be done initially on a weekly basis but increased to two 
or three times a week as greater infection and discharge 
develops.

 O Take a sample for microbiology (if available).

Tetanus
Anti- tetanus prophylaxis should be given at the earliest 
possible time.

TABLE 7.3.I.B.2 Guide to tetanus immunoglobulin and tetanus toxoid use in wounds

History of tetanus vaccination Type of wound Tetanus vaccine 
booster (see below)

Tetanus 
immunoglobulin

* 3 doses < 5 years since last dose All wounds No No

5–10 years since last dose Clean minor wounds No No

All other wounds Yes No

> 10 years since last dose All wounds Yes No

< 3 doses or uncertain Clean minor wounds Yes No

All other wounds Yes Yes

In pregnancy, if the woman has not previously been vac-
cinated, give two doses of TT/Td one month apart.

Antibiotics
 O Haemolytic Streptococcus pyogenes and Pseudomonas 

aeruginosa are the most common serious infections. 
 O In most burns, Staphylococcus aureus is also present, 

but does not need treatment unless it is invasive. If it 
is, fl ucloxacillin or cloxacillin is more appropriate than 
penicillin.

 O Antibiotics should only be given when there are signs 
of infection.

 O Streptococcus pyogenes should be treated with benzyl 
penicillin and fl ucloxacillin if found on a swab or sus-
pected clinically (e.g. lymphangitis).

 O Pseudomonas aeruginosa can be treated with ceftazi-
dime, piperacillin, aztreonam, gentamicin or tobramycin. 

Surgery
The surgical treatment of burns can be divided into four 
time zones:

 O Immediate: within hours.
 O Early: within days.
 O Medium term: within weeks.
 O Long term: within years.

Immediate surgery
There are two operations which may need to be done within 
hours of the burn:

 O Tracheostomy: 
 — Whenever possible this operation should be avoided, 
as an endotracheal tube usually gives better results 
and less mortality (depending on available intensive 
care).

 — An emergency tracheostomy for a severely swollen 
oral, pharyngeal or laryngeal airway is a very high- risk 
operation if the airway has not already been secured. 
It is better to use a mini- tracheostomy through the 
cricothyroid membrane.

 — Tracheostomy has a high mortality because of 
infection, displacement, lung- volume loss and tube 
blockage.

 O Escharotomy:
 — A deep circumferential full- thickness burn of the limb, 

or even occasionally the trunk, can act as a tourniquet 
to that area.

 — Very early release (i.e. within 2 hours) is necessary to 
prevent severe and irrecoverable muscle and nerve 
damage. This can be done without any anaesthetic 
because the deep burn has no sensation.

 — The incisions should not overlie superfi cial bone or 
tendons, but need to go down to the fascia.

 — For more severe burns, and in particular high- voltage 
electrical burns, appropriate incisions are needed to 
decompress the deep compartments as well.

 — Urgent decompression of deep compartments may 
be required in severe high- voltage electrical burns, 
which can damage the underlying muscle with no skin 
damage visible except at the entry and exit points.

Early surgery
 O Early surgery for deep dermal and deep burns has been 

shown to give better functional and cosmetic results with 
less risk of infection than allowing the natural processes 
of the body to remove the dead tissue.

 O However, it is a technique that is diffi cult to learn from 
books, and often requires blood transfusion. Therefore if 
tangential excision is to be used without previous experi-
ence, only a small area should be attempted.

 O Blood loss can be very rapid.
 O An experienced anaesthetist is important.

Medium- term surgery
When wounds are granulating, thin split- skin grafts (ideally 
perforated or meshed) can be taken to cover the granulat-
ing areas.

Late surgery
Reconstruction to release contractures, and to improve 
both function and appearance, is best carried out, where 
possible, in a specialist centre.

Facilities and personnel
 O All serious burn patients are best cared for in special-

ist burns units with a trained team of personnel. This 
includes all widespread second or third degree burns 
and burns signifi cantly involving the face, hands and 
genitals.
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 O For larger burns, ideally single rooms are most appropri-
ate, and these should be kept warm at all times. It is 
extremely important that they are clean and that insects, 
etc. are controlled.

 O One of the most serious problems is cross- infection 
between patients, and adequate plastic aprons, gloves 
and hand- washing facilities must be available for all 
staff and relatives.

 O In the early stages of burn resuscitation, and after 
surgery, nursing should be on a one- to- one basis (if 
available).

Psychology
 O There are frequently major psychological consequences 

to major burns. First, there is a long and often painful 
stay in hospital. Secondly, there is the loss of function 
and appearance that can result from the burn injury.

 O There are often psychological consequences for the 
parents of a burnt child, both as a result of the guilt 
about allowing the accident to happen, and from hav-
ing to come to terms with the often major alterations in 
appearance and function of their child.

Prevention
 O The best solution to the problem of the burn injury is 

prevention.
 O Use antenatal classes, posters in village halls and talks 

in school.

 O The causes of burns in children will vary in different 
communities, and prevention should be directed at 
local causes.

 O If possible:
 — limit the temperature of water coming from domestic 
taps

 — do not cook on the fl oor
 — keep children away from boiling water, coffee, tea, 
etc. In many communities these are the commonest 
causes of scalds.

Features of burns that suggest child abuse
Burns are a common feature of child abuse and the clini-
cian should have a high degree of awareness both of the 
physical appearance of infl icted burns and also of the 
developmental stage of the child to see if the injury is 
compatible with that stage.

Burns are sometimes used as a punishment in child 
rearing practices. Children with developmental delay are 
at particular risk of burns, both accidental and intentional.

Physical signs:
 O Pattern burns that suggest contact with an object of a 

specifi c shape, such as an iron.
 O Cigarette burns.
 O Stocking, glove or circumferential burns.
 O Burns to the genitals or perineum.

7.4 Poisoning

BOX 7.4.1 Minimum standards
 Q ABC, oxygen and glucose.
 Q Naloxone.
 Q Activated charcoal. 
 Q Paediatric ipecacuanha.
 Q Wide- bore gastric tubes.
 Q Desferrioxamine.
 Q N- acetylcysteine.
 Q Sodium bicarbonate.
 Q Vitamin K.
 Q Exchange transfusion.
 Q Atropine.
 Q Pralidoxime.
 Q d- Penicillamine.
 Q EDTA.

Introduction
The World Health Organization (WHO) defi nition of poison-
ing is the injury or destruction of cells by the inhalation, 
ingestion or absorption of a toxic substance. Key factors 
that predict the severity and outcome of poisoning are 
the nature, dose formulation and route of exposure of the 
poison, co- exposure to other poisons, the state of nutrition 

of the child or their fasting status, age, and pre- existing 
health conditions.

Mortality: Low- and middle-income countries have 
91% of the world mortality from poisoning as reported by 
WHO in 2004.

Accidental poisoning is most common in the 
12–36 months age group.

Intentional overdose may be a cry for help, rather 
than a serious attempt at suicide. However, all children 
and young people who take intentional overdoses should 
have a full psychiatric and social assessment and always 
be admitted to hospital if facilities are available.

Drug abuse may be misuse of alcohol or abuse of 
volatile substances or more potent recreational drugs, such 
as ecstasy, LSD or opiates.

Deliberate poisoning of children by adults is rare. It 
may be associated with depressive illness or may be part of 
a spectrum of abuse infl icted on the child (see Section 7.6).

Clinical diagnosis and management
Symptoms and signs of poisoning
These can include:

 O respiratory distress
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 O acidotic breathing
 O tachycardia or fl ushing
 O cardiac arrhythmias
 O hypotension
 O diarrhoea
 O vomiting
 O drowsiness or coma
 O convulsions
 O ataxia
 O pupillary abnormalities
 O hypoglycaemia
 O acidosis.

The presentation may be more general, such as sudden 
unexplained illness in a previously healthy child, or unusual 
behaviour. Remember that there may not be a history of 
poisoning, so when taking a history ask specifi cally about 
access to prescribed drugs, local medicines, household 
substances, berries and plants.

Management of poisoning
First aid

 O Remove the patient from the source of the poison. This 
mainly applies to fumes (e.g. in a house fi re). 

 O Wash contaminated skin and eyes with water.
 O Never try to induce vomiting with salt or by inserting an 

object into the pharynx.

Primary assessment and resuscitation
Identify life- threatening emergencies and the early signs 
of a seriously ill child using the structured ABC approach 
(see Section 1.11).

The whole assessment should take less than a minute. 
Treat any problems with the ABC approach as they are 
found.

An alternative approach to emergencies such as this is 
the Emergency Triage and Treatment (ETAT) approach, if it 
is practised at your hospital.

Once Airway, Breathing and Circulation are recog-
nised as being stable, or have been stabilised, defi nitive 
management of specifi c conditions can proceed. During 
defi nitive management, reassessment of ABCD at fre quent 
intervals will be necessary to assess progress and detect 
deterioration.

Secondary assessment and emergency 
treatment
Identify the substance ingested or inhaled, if at all possible. 
Ask the following questions:

 O What medicines, domestic products, berries and plants 
has the child had access to?

 O How much has been taken?
 O When did the child have access to these substances?
 O Is the container or a sample available? This will be helpful 

at the hospital.
 O Are other children involved?
 O What symptoms has the child had?

Use National Poisons Information Centres or Internet refer-
ences, if these services are available, to obtain information 
on the side effects, toxicity and treatment needed.

Hypoglycaemia: Test blood glucose levels for all 
patients, and if hypoglycaemia is present, treat with a 

sugar drink orally if the patient is conscious. If they are 
unconscious give by IV or intraosseous routes 2 to 5 mL/
kg 10% glucose over 3 minutes then 5 mL/kg/hour to keep 
blood glucose at 5–8 mmol/litre. In pregnancy, dilute 50 mL 
of 50% glucose with 50 mL of Ringer- lactate, Hartmann’s 
or 0.9% saline and give IV over 5 minutes followed by an 
IV infusion containing 5% glucose (see Appendix). If blood 
glucose testing is not available, then treat for hypoglycae-
mia if this diagnosis is possible (especially in infants and 
young children).

Convulsions: Treat convulsions in children with 
diazepam 300–400 micrograms/kg IV or IO slowly or 
500 micrograms/kg per rectum.

In pregnancy the loading dose of diazepam is 2 mg 
increments IV every 2 minutes up to 10 mg. The mainte-
nance dose is diazepam 40 mg in 500 mL of Ringer- lactate 
or Hartmann’s solution, titrated to keep the mother sedated 
but able to be woken and without hypoventilation. Maternal 
respiratory depression may occur when the dose exceeds 
30 mg in 1 hour. Alternatively, in pregnancy the loading dose 
diazepam is 20 mg in a 10- mL syringe. Remove the needle, 
lubricate the barrel and insert the syringe into the rectum to 
half its length. Discharge the contents and leave the syringe 
in place, holding the buttocks together for 10 minutes to 
prevent expulsion of the drug. Alternatively, the drug may 
be instilled in the rectum through a catheter. 

Ensure close observation after treatment with diazepam 
at any age, and make sure that a bag- valve- mask of suit-
able size is available and the staff giving the diazepam 
know how to use it.

Opiate or methadone overdose: If an opiate or metha-
done overdose is suspected, give naloxone. 

 O IV dose for children aged 1 month to 12 years: 10 micro-
grams/kg; if there is no response, give 100 micrograms/
kg (review the diagnosis if there is still no response). 

 O Give patients over 12 years of age and in pregnancy 
400 microgram–2.0 mg; if there is no response, repeat 
every 2–3 minutes up to a maximum of 10 mg (then 
review the diagnosis).

Remember that naloxone has a short half- life and further 
boluses or an infusion of and further boluses or an infusion 
of 10–20 micrograms/kg/hour or more may be required. 
Give this treatment even if poisoning is only suspected 
(because of the presence of such drugs in the home) 
because breathing is shallow or the patient has stopped 
breathing. If the patient is hypoventilating or has stopped 
breathing, ventilate with bag-valve-mask before giving the 
naloxone as hypercapnia with naloxone can cause arrhyth-
mias, acute pulmonary oedema, seizures or asystole.

Minimising the effects of the ingested 
substance as quickly as possible
If the substance is non- toxic give oral fl uids liberally.

If the substance is corrosive, there may be serious injury 
to the mouth, throat, airway, oesophagus or stomach (see 
also Section 7.3.I.a). The most dangerous substances are 
sodium or potassium hydroxide cleaning fl uids (e.g. toilet 
cleaners). Others include bleach and other disinfectants. 
Serious oesophageal injury can result in perforations and 
mediastinitis, later leading to oesophageal strictures. The 
presence of burns within the mouth is of concern, and sug-
gests that oesophageal injury is possible. Stridor suggests 
laryngeal damage. No emetic should be given. Milk or water 
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given as soon as possible may be of benefi t, especially 
with solid caustics such as sodium hydroxide crystals. If 
there is a severe stricture it may be necessary to bypass 
the oesophagus with a gastrostomy tube. Ideally, fl exible 
endoscopy should be performed to identify injury, but this 
may not be available. A perforated oesophagus will lead to 
mediastinitis and should be treated with gastrostomy and 
pro phylactic antibiotics (cefuroxime and metronidazole).

In a few instances, specifi c antidotes are advised. 
These should only be given when full information on the 
poison is available from a Poisons Centre. Never give salt 
to induce vomiting. 

For all other poisons except heavy metals, iron, 
alcohol and domestic products give activated charcoal 
if this is available (1 gram/kg suspended in water for a child 
and 50 gram in pregnancy). The sooner it is given the better 
(preferably within 1 hour of ingestion of the poison). Repeat 
after 4 hours if a sustained- release drug has been taken. 
If charcoal is not available and a potentially life- threatening 
dose of poison has been taken (particularly of iron), give 
paediatric ipecacuanha (10 mL for those aged 6 months 
to 2 years, and 15 mL for those aged over 2 years, plus a 
glass of water) to induce vomiting. Do not give ipecacuanha 
if the child has a decreasing level of, or impaired, conscious-
ness. Do NOT give if corrosive solutions have been ingested 
or if kerosene, turpentine or petrol have been ingested, as 
they could be inhaled following vomiting, resulting in lipoid 
pneumonia.

Gastric lavage with a wide- bore orogastric tube should 
be used only if a potentially life- threatening dose has been 
taken, and provided that the airway is protected. It should 
not be used if there is a decreasing level of, or impaired, 
consciousness without airway protection. It should not be 
used for poisons containing hydrocarbons or corrosives. 
Lavage cycles of 15 mL/kg are usually appropriate. Gastric 
lavage is not an effective way of removing most poisons, 
and may wash tablets into the duodenum. In a small child 
the size of nasogastric tube that can be inserted will almost 
certainly be too small to allow tablets to be drawn through 
it. Liquid preparations may be evacuated in this way, but in 
most cases they will have left the stomach within an hour, 
which is likely to sooner than the child reaches hospital.

Treat symptoms as they arise.
Child abuse: Always remember that an older child or 

adult may have given the child drugs intentionally. This is 
child abuse, and if there is the slightest suspicion of this, 
the appropriate child protection procedures should be 
instituted if they are available. The child should be admitted 
(see Section 7.6).

Admit all patients with symptoms or signs attributable 
to poisons, all patients who have ingested iron, pesticides, 
corrosives, paracetamol (unless blood testing shows a low 
level of drug), salicyclate, narcotic drugs or tricyclic antide-
pressant drugs, all who allege deliberate ingestion, and any 
cases in which child abuse is suspected.

Commonly ingested drugs
Local medicines

 O These are often prescribed for diarrhoea and vomiting. 
They may cause profound acidosis and respiratory 
distress. They can also cause paralytic ileus.

 O Treat the metabolic disturbance.
 O Consider using a nasogastric tube.

Iron
 O Poisoning is usually the result of taking iron tablets 

prescribed for another family member. Even two or 
three adults’ tablets can cause serious symptoms in 
a small child.

 O Iron poisoning causes severe gastrointestinal effects, 
with vomiting, diarrhoea, gastrointestinal bleeding and 
metabolic acidosis. Subsequently after 12–24 hours 
there is encephalopathy, liver damage and circulatory 
collapse.

 O Late effects include scarring of the stomach, which may 
produce pyloric stenosis.

 O If available, a serum iron level at 4 hours of more 
than 300 micrograms/dL indicates significant 
poisoning.

 O X- ray may show the number of tablets. In a child aim 
to remove as much as possible by induced vomiting 
with ipecacuanha.

 O Gastric lavage with a wide- bore orogastric tube may 
also remove signifi cant amounts of iron if it is still in the 
stomach, but there is also a risk that the lavage may 
wash the tablets through into the bowel. Do not use 
gastric lavage in pregnancy.

 O Desferrioxamine should be given by deep IM injection, 
1 gram for children under 12 years and 2 grams for those 
over 12 years and in pregnancy. IM doses of desferriox-
amine of desferrioxamine of 1–2 g should be repeated 
every 12 hours until serum iron is normal (serum iron 
less than iron binding capacity). If the patient is very ill, 
give an IV infusion of desferrioxamine 15 mg/kg/hour up 
to a maximum dose of 80 mg/kg in 24 hours. Usually 
reduce the rate after 6 hours.

Paracetamol
 O Paracetamol poisoning can lead to liver and renal failure 

(see Section 5.6.C and Section 5.7.B).
 O Induce vomiting and, if possible, measure the paraceta-

mol level.
 O Give N- acetylcysteine or methionine as soon as pos-

sible, ideally within 8 hours of ingestion. If the patient is 
conscious and tolerating oral fl uids, and within 8 hours 
of ingestion, give methionine orally (for children under 
6 years, give 1 gram every 4 hours for four doses; for 
those aged 6 years or over and in pregnancy, give 2.5 g 
every 4 hours for four doses).

 O If the patient presents more than 8 hours after inges-
tion or cannot be given an oral preparation, give IV 
N- acetylcysteine (initially as a loading dose of 150 mg/kg 
over 15 minutes, then as an IV infusion of 50 mg/kg over 
4 hours, and fi nally as 100 mg/kg IV over 16 hours). An 
oral form of N- acetylcysteine is available (give a loading 
dose of 140 mg/kg, and then 70 mg/kg every 4 hours 
for 16 doses).

Salicylates
 O Salicylate poisoning produces acidotic- like breathing, 

vomiting and tinnitus.
 O Hyperventilation is due to direct stimulation of the respir-

atory centre and produces respiratory alkalosis, but also 
there is a metabolic acidosis from ketosis. Consequently, 
the hyperventilation is extreme.

 O A fever may occur.
 O There is peripheral vasodilatation.
 O Moderate hyperglycaemia develops.
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There is delayed gastric emptying, so give activated char-
coal if available (1 gram/kg in a child and 50 gram in 
pregnancy and repeat after 4 hours) even if more than 
4 hours after ingestion. If charcoal is not available, induce 
vomiting.

Give sodium bicarbonate 1 mmol/kg IV as 4.2% over 
4 hours to correct acidosis and aid excretion of salicylate.

Give suffi cient IV fl uids to compensate for hyperventila-
tion, and give suffi cient glucose to minimise ketosis, but 
regularly monitor blood glucose levels.

Monitor electrolytes carefully and avoid hypokalaemia 
and hypernatraemia.

In very severe cases, peritoneal haemodialysis (if 
available) is ideal. In its absence, exchange transfusion 
may help.

Benzodiazepines
Flumazenil is a specifi c antagonist. The initial dose is slow 
IV 10 micrograms/kg; repeat at 1- minute intervals up to a 
maximum of 40 micrograms/kg (2 mg maximum dose). If 
necessary this can be followed by an infusion of 2–10 micro- 
grams/kg/hour (not recommended in children who have 
received long- term benzodiazepine treatment for epilepsy). 
In pregnancy give 200 micrograms IV then 100 micrograms 
per minute IV up to a maximum total of 1 mg until reversal 
has occurred.

Tricyclic antidepressants
 O In overdose these cause drowsiness, ataxia, dilated 

pupils and tachycardia. 
 O Severe poisoning results in cardiac arrhythmias (par-

ticularly ventricular tachycardia) and severe hypotension 
and convulsions.

In children induce vomiting, perform gastric lavage and 
administer charcoal as described above, but fi rst protect 
the airway if the patient is drowsy. In pregnancy only admin-
ister charcoal.

Treat convulsions as for any status epilepticus (see 
Section 5.16.E).

Monitor the ECG (if available) continuously. 
Arrhythmias can be reduced by using IV phenytoin 

which must be diluted only in 0.9% saline. Phenytoin is 
given as a loading dose of 15–20 mg/kg over 30–45 minutes 
(maximum dose 2 grams) and then 2.5–7.5 mg/kg 12 hourly. 
The maximum infusion rate is 1 mg/kg/minute (maximum 
50 mg/minute). A lidocaine infusion (10–50 micrograms/kg/
minute) is an alternative to phenytoin.

Alkalinisation of the intravascular compartment has 
been shown to reduce the toxic effects on the heart. Give 
sodium bicarbonate 1–2 mmol/kg slowly. This can be 
repeated if necessary. 

The aim is to increase the arterial pH to 7.45–7.5.
Where there is severe cardiac toxicity, prolonged exter-

nal cardiac massage may keep the patient, especially a 
child, alive long enough for the effects of the drug to wear 
off.

Poisonous household and natural products
Petroleum compounds such as kerosene, 
turpentine and petrol
Do not induce vomiting. 

 O If inhaled these may cause hydrocarbon (lipoid) pneu-
monia, leading to a cough, and respiratory distress 

with hypoxaemia due to pulmonary oedema and lipoid 
pneumonia. A chest X- ray is essential in all cases.

 O If large amounts are ingested they may cause 
encephalopathy.

 O Additional inspired oxygen may be required.
 O An antibiotic may be needed, but only for secondary 

chest infections.
 O Dexamethasone may help in lipoid pneumonia.

Organophosphorus compounds and 
carbamates

 O Insecticides such as malathion, chlorthion, parathion, 
TEPP and phosdrin can be absorbed through the skin, 
lungs or gastrointestinal tract.

 O Symptoms are due to excessive parasympathetic effects 
caused by inhibition of cholinesterase, and include 
excessive secretions of mucus in the lungs (bronchor-
rhoea) with ensuing respiratory distress and sometimes 
wheezing, salivation, lacrimation, bradycardia, sweating, 
gastrointestinal cramps, vomiting, diarrhoea, convul-
sions, blurred vision and small pupils, muscle weakness 
and twitching, progressing to paralysis, and loss of 
refl exes and sphincter control.

Treatment aims to remove poison from:
 O the eyes: use copious irrigation
 O the skin: remove contaminated clothing and wash the 

skin 
 O the gastrointestinal tract: give activated charcoal 1 gram/

kg and repeat after 4 hours.

Admit all cases, as some effects do not appear until a 
late stage.

In severe cases, particularly where there is bronchor-
rhoea, give atropine in a child 20 micrograms/kg IV or 
IM every 5–10 minutes until the skin becomes fl ushed 
and dry, the pupils dilate and tachycardia develops (that 
is atropinisation has occurred: maximum dose 2 mg). In 
pregnancy give 600 micrograms and repeat in doses of 
300 micrograms as needed.

 O A specifi c cholinesterase reactivator can also be given 
as follows, and ideally within 12 hours of ingestion (it is 
ineffective after 24 hours).

 — Pralidoxime 30 mg/kg diluted with 10–15 mL of 
water by IV infusion at a rate not exceeding 5 mg/
minute. It should produce an improved muscle power 
in 30 minutes. It can be repeated once or twice as 
required and as is shown to be effective, or an infu-
sion of 8 mg/kg/hour can be used. Maximum dose 
is 12 gram in 24 hours.

 O Assisted ventilation may be required (if available).

Bleach (3–6% sodium hypochlorite)
Do not induce vomiting. 

 O Symptoms: burning sensation, vomiting and abdominal 
discomfort.

 O Treatment: liberal fl uids and milk.

Corrosive agents
Do not induce vomiting.

 O Oven cleaners (30% caustic soda).
 O Kettle descalers (concentrated formic acid). 
 O Dishwashing powders (silicates and metasilicates). 
 O Drain cleaners (sodium hydroxide). 
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 O Car battery acid (concentrated sulphuric acid).

Symptoms: considerable tissue damage to the skin, 
mouth, oesophagus or stomach; late strictures may occur. 
Treatment consists of washing the skin and mouth to dilute 
the corrosive fl uid (see Section 7.3.I.a).

Lead poisoning
This is usually a chronic form of poisoning. The lead can 
come from paint, lead piping or car batteries. In some cul-
tures, lead- containing substances may be applied to the 
skin for cosmetic purposes (e.g. Surma in India).

 O Early signs are non- specifi c (e.g. vomiting, abdominal 
pain, anorexia). 

 O Anaemia is usually present. 
 O Prior to encephalopathy with raised intracranial pressure, 

there may be headaches and insomnia. 
 O Peripheral neuropathy may be present. 
 O X- rays may show bands of increased density at the 

metaphyses. 
 O Harmful effects on the kidneys result in hypertension, 

aminoaciduria and glycosuria. 
 O There is a microcytic hypochromic anaemia with punc-

tate basophilia. 
 O The diagnosis is made by showing a marked increase 

in urinary lead levels after d- penicillamine, and elevated 
blood lead levels.

Treatment
 O Treat by fi rst removing the source of ingested lead.
 O A diet rich in calcium, phosphate and vitamin D (plenty 

of milk) should be given if possible.
 O In cases of lead encephalopathy, give an IV infusion of 

edetate calcium (EDTA) in 5% glucose or normal saline, 
20 mg/kg every 6 hours for 5–7 days at a concentration 
of no more than 30 mg/mL. Give over an hour.

 O Boluses of mannitol 250–500 mg/kg IV over 30–60 min-
utes may also be required for raised intracranial pressure 
while the above is given.

Poisonous plants
 O Usually only small quantities are ingested.
 O Recent reports describe nicotine poisoning by absorp-

tion through the skin in children who are tobacco pickers. 

Treatment: For ingested poisonous plants this consists of 
activated charcoal and supportive therapy.

Carbon monoxide poisoning
 O Toxic effects are due to hypoxia. 

Treatment: Move the patient from the source and give 
them 100% oxygen as soon as possible (the half- life of 
carbon monoxide is 5 hours in room air, but only 1.5 hours 
in 100% oxygen). The patient may look pink but is hypox-
aemic, so base the duration of oxygen treatment on other 
clinical signs of hypoxia rather than on cyanosis, which will 
be masked. For similar reasons, pulse oximeters will give 
falsely high readings. ABCD management according to 
APLS may be required.

 O Cerebral oedema may develop.
 O Hyperbaric oxygen treatment may be helpful (if 

available).

Volatile substance abuse (‘sniffi ng’)
This mainly occurs in the age range 11–17 years and is a 
group activity. Substances that are sniffed or sprayed into 
the respiratory system are numerous. The commonest 
are solvent- based adhesives (‘glue sniffi ng’), butane gas, 
cleaning fl uids, aerosols and fi re- extinguisher substances.

Clinical features
 O Sores around the mouth and nose. 
 O Smell of solvents on the clothes and breath. 
 O All of the features of ethyl alcohol intoxication, plus 

extreme disorientation, hallucinations and sudden ‘unex-
plained’ death

 O Accidents can occur secondary to volatile substance 
abuse, for example falling from height, drowning, suf-
focation and inhalation of vomit.

Management
 O Remove the child from the atmosphere of solvent. 
 O Admit them to hospital. 
 O Treat symptomatically. 
 O Arrange expert psychological and emotional support.

Laboratory investigations in poisoning
These are often expensive and/or very time consuming to 
perform. They should only be requested if the result will alter 
the management of the patient. Many hospitals in resource- 
limited countries will not have these facilities.

Alcohol
 O Blood alcohol estimations are useful if:

 — there is an indication that methyl alcohol has been 
ingested

 — the patient is very drowsy or comatose and there is 
doubt whether suffi cient alcohol has been ingested 
to explain the symptoms.

 O Blood glucose levels should be measured in all cases 
of alcohol ingestion in children. 

 — Do a blood glucose stick test fi rst, and if this is low, 
a quantitative glucose analysis should be requested. 

FIGURE 7.4.1 Graph for N- acetylcysteine use in paracetamol 
poisoning. This Crown copyright material is reproduced by 
permission of the Medicines and Healthcare Products Regulatory 
Agency under delegated authority from the Controller of HMSO.
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 — If in doubt, give glucose 2–5 mL/kg of 10% glucose 
IV if unable to drink or unconscious, otherwise give 
a sugary drink.

Interpretation
Peak blood levels of alcohol occur 30–60 minutes after 
ingestion.

Iron
Patients who have ingested iron should ideally have a 
plasma iron level estimated before desferrioxamine is given. 
Serum levels of over 300 micrograms/dL are associated 
with moderate toxicity, levels of over 500 micrograms/dL 
with serious toxicity, and levels over 1 mg/dL with death.

Interpretation
Patients with acute iron poisoning have signifi cant increase 

in plasma iron levels within 2 hours of over- dosage. Initial 
serum levels of less than 90 micromol/litre are support-
ive but not absolute evidence of mild poisoning. Normal 
serum iron levels are in the region of 10–30 micromols/L 
(80–180 micrograms/dL).

Paracetamol
Take blood samples at least 4 hours after ingestion of 
paracetamol.

Interpretation
A plasma level that falls above the treatment line at different 
times indicated in the graph of paracetamol level against 
time (see Figure 7.4.1) indicates moderate to severe poi-
soning. Treat with N- acetylcysteine. Lower thresholds for 
treatment are indicated if the patient is on enzyme- inducing 
drugs or alcohol is taken habitually.

7.5 Envenomation

BOX 7.5.1 Minimum standards
 Q Mono-  and polyspecifi c antivenoms.
 Q Chlorphenamine.
 Q Anticholinesterase (only if appropriate for the region).
 Q Analgesia.
 Q Prazosin (only if appropriate for the region).
 Q Heart failure treatment.

Introduction
Envenoming by snakes, scorpions, spiders or marine ven-
omous animals is common in many areas of the tropics. 
Children are particularly at risk; they may be attracted to 
venomous creatures and do not recognise the danger that 
they represent. Envenoming is often more severe and more 
rapid in children because the ratio of the amount of venom 
to body weight is much higher.

A clear- cut history of envenoming is often not present. 
Some bites are not recognised at the time of the event; other 
children will be too young to explain what has happened. 
Envenoming should always be considered in any child with 
an unexplained illness, particularly if there is severe pain, 
swelling or blistering of a limb, or if the child is bleeding or 
shows signs of neurotoxicity.

Prevention
Discourage children from handling snakes, scorpions or 
spiders or touching marine animals. They should be taught 
to avoid putting their hands down holes, and to carefully 
check their shoes and clothing before dressing. Keeping 
grass short around dwellings, use of sensible footwear, 
keeping dwellings insect- free, and taking care when swim-
ming can all help to prevent injury by venomous animals.

Snakebite
There are a large number of species of venomous snakes 
throughout the world. These can be divided into three 
main categories: vipers, elapids and sea snakes. The 
pattern of envenoming depends upon the biting species. 
Therefore clinicians need to know about the snakes present 
in the region in which they work. Only 50–70% of patients 
who are bitten by venomous snakes develop signs of 
envenoming.

Major clinical effects following snakebite can be cat-
egorised as follows:

 O Local effects: pain, swelling or blistering of the bitten 
limb. Necrosis at the site of the wound may sometimes 
develop.

 O Systemic effects:
 — Non- specific symptoms: vomiting, headache, 
collapse.

 — Painful regional lymph node enlargement indicating 
absorption of venom.

 — Specifi c signs: non- clotting of blood; bleeding from 
gums, old wounds and sores. 

 — Neurotoxicity: ptosis, bulbar palsy and respiratory 
paralysis.

 — Shock: hypotension.
 — Rhabdomyolysis: muscle pains and black urine. 

Vipers most commonly cause local swelling, shock, bleed-
ing and non- clotting blood.

Elapids cause neurotoxicity and usually minimal signs 
at the bite site (with the exception of some cobras which 
also cause necrosis).

Sea snakes cause myotoxicity and subsequent paresis. 
Exceptions to this general rule do occur. For example, 

some vipers cause neurotoxicity and some Australasian 
elapids also cause non- clotting blood and haemorrhage.
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First aid outside hospital
 O Reassure the patient. Many symptoms following snake-

bite are due to anxiety.
 O Avoid harmful manoeuvres such as cutting, suction or 

the use of tourniquets.
 O Immobilise and splint the limb. Moving the limb may 

increase systemic absorption of venom.
 O Apply a pressure bandage if tissue necrosis is rare 

following snakebite in your region, particularly if rapid 
transport to hospital is not possible. This is especially 
important for snakes that cause neurotoxicity. Apply 
a crepe bandage over the bite site and wind it fi rmly 
up the limb. This can only be recommended on a 
geographical basis, not a clinical one, as necrosis 
is not apparent initially.

 O Transport the patient to hospital as soon as possible.
 O If the snake has been killed, take it with the patient to 

the hospital.

Diagnosis and initial assessment
 O Carefully examine the bitten limb for local signs.
 O Measure the pulse, respiration rate, blood pressure and 

urine output. Blood pressure and other signs of shock 
(see Section 5.5) must be watched for if children are 
unwell, are bleeding or have signifi cant swelling; shock 
is common in viper bites.

 O Look for non- clotting blood. This may be the only sign of 
envenoming in some viper bites. The 20- minute whole- 
blood clotting test (WBCT20) is an extremely easy and 
useful test. It should be performed on admission and 
repeated 6 hours later.

WBCT2O test
 Q Place a few millilitres of freshly sampled blood in a new 

clean dry glass tube or bottle.
 Q Leave undisturbed for 20 minutes at ambient 

temperature.
 Q Tip the vessel once.
 Q If the blood is still liquid (i.e. unclotted) and runs out, 

the patient has hypofi brinogenaemia (‘incoagulable 
blood’) as a result of venom- induced consumption 
coagulopathy.

Look carefully for signs of bleeding which may be subtle 
(e.g. from gums, old wounds or sores). Bleeding internally 
(most often intracranial) may cause clinical signs.

 O Look for early signs of neurotoxicity, such as ptosis 
(children may interpret this as feeling sleepy), limb weak-
ness, or diffi culties in talking, swallowing or breathing.

 O Check for muscle tenderness and myoglobinuria in sea 
snake bites.

 O Take blood for:
 — haemoglobin, white cell count and platelet count
 — prothrombin time, APTT and fibrinogen levels (if 
available)

 — serum urea and creatinine
 — creatine phosphokinase (CPK) (refl ecting skeletal 
muscle damage) (if available).

 O ECG (if available).

Hospital or health centre management
General management

 O Observe the patient in hospital for at least 24 hours, 
even if there are no signs of envenoming initially. Review 
regularly, as envenoming may develop quite rapidly.

 O Nurse the patient on their side with a slight head- down 
tilt to prevent aspiration of blood or secretions.

 O Avoid IM injections and invasive procedures in patients 
with incoagulable blood.

 O Give tetanus prophylaxis. Routine antibiotic prophylaxis 
is not required unless necrosis is present.

Antivenom
Antivenom is indicated for signs of systemic envenoming. 
Evidence for its effi cacy in severe local envenoming is poor, 
but it is usually indicated if swelling extends over more than 
half of the bitten limb. Monospecifi c (monovalent) antivenom 
may be used for a single species of snake, and polyspecifi c 
(polyvalent) antivenom for a number of different species. 
The dose of antivenom depends upon the manufacturer’s 
recommendations and local experience.

Children require exactly the same dose as pregnant 
women (the dose is dependent upon the amount of venom 
injected, not body weight).

 O Dilute the antivenom in two to three volumes of 5% 
glucose or Ringer- lactate or Hartmann’s or 0.9% saline 
and infuse over 45 minutes to an hour. The infusion rate 
should be slow initially and gradually increased. Note that 
doses of antivenom vary considerably; always follow the 
instructions enclosed with the antivenom.

 O Draw up adrenaline in a syringe ready for use.
 O Observe the patient closely during antivenom adminis-

tration. Common early signs of an antivenom reaction 
include urticaria and itching, restlessness, fever, cough 
or a feeling of constriction in the throat.

 O Patients with anaphylaxis should be treated with adrena-
line (epinephrine). In a child give 10 micrograms/kg IM 
(see Section 5.1.B) and in pregnancy give 1 mL of 1 in 
1000 adrenaline (1 mg) (see Section 5.1.B). An antihis-
tamine, such as chlorphenamine, 200 micrograms/kg 
IM or IV, should also be given.

 O Unless life- threatening anaphylaxis has occurred, anti-
venom can cautiously be restarted after this treatment. 

 O Routine adrenaline prophylaxis may reduce the incidence 
of antivenom anaphylaxis, but should not generally be 
used.

 O Monitor the response to antivenom. In the presence 
of coagulopathy, restoration of clotting depends upon 
hepatic resynthesis of clotting factors. Repeat WBCT20 
and other clotting studies if available, 6 hours after 
antivenom. If the blood is still non- clotting, further 
antivenom is indicated. After restoration of normal clot-
ting, measure clotting at 6-  to 12- hour intervals, as a 
coagulopathy may recur due to late absorption of venom 
from the bite site.

The response of neurotoxicity to antivenom is less predict-
able. In species with predominantly postsynaptically acting 
toxins, antivenom may reverse neurotoxicity, and failure 
to do so is an indication for further doses. However, the 
response to antivenom is poor in species with presynapti- 
cally acting toxins.
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Other therapy
 O Excise sloughs from necrotic wounds. Skin grafting may 

be necessary. Severe swelling may lead to suspicion of 
a compartment syndrome. Fasciotomy should not be 
performed unless there is defi nite evidence of raised 
intra- compartmental pressure (> 45 mmHg) (if meas-
urable), and any coagulopathy has been corrected. 
Clinical assessment for compartment syndromes 
is often misleading following snakebite. Therefore 
objective criteria are helpful.

 O Blood products are not necessary to treat a coagulopa-
thy if adequate antivenom has been given.

 O Endotracheal intubation or even tracheostomy should 
be considered to prevent aspiration if bulbar palsy devel-
ops; this is often obvious when diffi culty in swallowing 
leads to pooling of secretions.

 O If there is uncontrolled bleeding in the absence 
of antivenom, give fresh blood, vitamin K in a child 
300 micrograms/kg IV and in pregnancy vitamin K 
10 mg IV/IM and fresh- frozen plasma 10 grams/kg IV 
(if available).

 O Paralysis of intercostal muscles and diaphragm requires 
artifi cial ventilation. This can be performed by manual 
bagging with a bag-valve mask and may need to be 
maintained for days, using relays of relatives if ventilators 
and skills are not available.

 O Anticholinesterases may reverse neurotoxicity following 
envenoming by some species.

 O Maintain careful fl uid balance to treat shock and prevent 
renal failure.

 O Some cobras spit venom into the eyes of their victim. 
Rapid irrigation with water will prevent severe infl amma-
tion, and 0.5% adrenaline (epinephrine) drops may help 
to reduce pain and infl ammation.

Scorpion stings
In some areas of the world, scorpion stings are more com-
mon than snakebites and cause signifi cant mortality. The 
stinging scorpion is not often seen. A number of different 
species have broadly similar clinical effects. The major 
feature of envenoming is severe pain around the bite site, 
which may last for many hours or even days. Systemic 
envenoming is more common in children and may occur 
within minutes of a bite. The major clinical features are 
caused by activation of the autonomic nervous system 
(see Table 7.5.1).

Severe hypertension, myocardial failure and pulmonary 
oedema are particularly prominent in severe envenoming.

TABLE 7.5.1 Scorpion stings

Clinical features of scorpion stings

Tachypnoea Muscle twitching and spasms

Excess salivation Hypertension

Nausea and vomiting Pulmonary oedema

Lacrimation Cardiac arrhythmias

Sweating Hypotension

Abdominal pain Respiratory failure

Management
 O Take the patient to hospital immediately; delay is a 

frequent cause of death.
 O Control the pain with infi ltration of 1% lignocaine around 

the wound or give systemic opiates (with care) (see 
Section 1.15).

 O Scorpion antivenom is available for some species. Give 
intravenously in systemic envenoming, but IM injection 
has been used with good effect if there is no alternative.

 O Prazosin is effective for treating hypertension and cardiac 
failure (orally 10–15 micrograms/kg two to four times a 
day increasing to control blood pressure to a maximum 
of 500 micrograms/kg/day for under 12 years and 
20 mg/day over 12 years). The patient should be lying 
down for the fi rst 4–6 hours of treatment in case there 
is a sudden fall in blood pressure.

 O Severe pulmonary oedema requires aggressive treat-
ment with diuretics and vasodilators (see Section 5.4.B).

Spider bites
Three main genera of spiders cause signifi cant envenoming 
in the tropics. Each causes different clinical effects, but fatal 
envenoming is rare.

 O Widow spiders (Latrodectus species) are found 
throughout the world. Severe pain at the bite site is 
common. Rare cases develop systemic envenoming 
with abdominal and generalised pain and other features 
due to transmitter release from autonomic nerves. 
Hypertension is characteristic of severe envenoming 
(see use of prazosin above). Antivenom is available 
in some regions, and is effective for relief of pain and 
systemic symptoms. Opiates are also useful for the 
treatment of pain (see Section 1.15).

 O Recluse spiders (Loxosceles species) have a wide 
distribution and cause bites in which pain develops over 
a number of hours. A white ischaemic area gradually 
breaks down to form a black eschar over 7 days or so. 
Healing may be prolonged, and occasionally severe 
scarring occurs. The effi cacy of antivenom and other 
advo cated treatments (dapsone, steroids and hyper-
baric oxygen) remains uncertain.

 O Banana spiders (Phoneutria species) occur only in 
South America. They usually cause severe burning 
pain at the site of the bite, but in severe cases may 
cause systemic envenoming with tachycardia, hyper-
tension, sweating and priapism. Polyspecifi c antivenom 
is available.

Marine envenoming
Venomous fi sh
Many different venomous fi sh may sting children if they 
stand on or touch the fi sh. Systemic envenoming is rare. 
Excruciating pain at the site of the sting is the major effect.

 O Regional nerve blocks and local infi ltration of 1% ligno-
caine may be effective (see Section 1.24).

 O Most marine venoms are heat- labile. Immersing the 
stung part in hot water is extremely effective for reliev-
ing the pain. Care should be taken to avoid scalding, 
as the envenomed limb may have abnormal sensation. 
The clinician should check the water temperature with 
their own hand. Asking the patient to immerse their 
non- bitten limb may help to avoid scalding.
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Jellyfi sh
Venomous jellyfi sh have large numbers of stinging cap-
sules (nematocysts) on their tentacles which inject venom 
when the tentacles contact skin. Pain and wheals are the 
usual effects but, rarely, systemic envenoming can be 
life- threatening. Many of the nematocysts will remain undis-
charged on tentacles that adhere to the victim. Therefore 
rubbing the area of the sting will cause further discharge 
and worsen envenoming. 

 O In box jellyfi sh stings, pouring vinegar over the sting will 
prevent discharge of nematocysts. For most other jel-
lyfi sh, seawater should be poured over the stings and 
the adherent tentacles gently removed. Ice is useful for 
pain relief.

 O Box jellyfish stings may occasionally be rapidly 

life- threatening. Antivenom is available and can be 
administered intramuscularly.

Further reading
A Kasturiratne, AR Wickremasinghe, N de Silva et al. (2008) 

The global burden of snakebite: a literature analysis and 
modelling based on regional estimates of envenoming and 
deaths. PLoS Medicine, 5, 1591–604.

World Health Organization (2010) Guidelines for the Prevention 
and Clinical Management of Snakebite in Africa. www.
snakebiteinitiative.org

DJ Williams, J- M Gutiérrez, JJ Calvete et al. (2011) Ending 
the drought: new strategies for improving the fl ow of afford-
able, effective antivenoms in Asia and Africa. Journal of 
Proteomics, 74, 1735–67.

7.6 The child who has been ill treated, abused or 
exploited

BOX 7.6.1 Minimum standards
 Q Knowledge of the in- country legal framework for child 

protection.
 Q Understanding of cross- cultural child- rearing practices.
 Q Links between health services, police child protection 

teams and/or social services in place.
 Q Access to X- rays and blood clotting measurements.
 Q Access to forensic advice.
 Q Access to photography services, with secure storage 

of images.
 Q Healthcare workers trained to recognise signs of physi-

cal and sexual abuse.

Children’s rights
Article 19 of the United Nations Convention on the Rights 
of the Child states that children (people less than 18 years 
of age) have a right to be protected from being hurt and 
maltreated physically and mentally. It goes on to state that 
governments should ensure that children are properly cared 
for and should protect them from violence, abuse and 
neglect by their parents or anyone who looks after them.

Child abuse results in actual or potential harm to the 
child’s health, survival, development or dignity in the con-
text of a relationship of responsibility, trust or power with 
the abuser. 

Healthcare workers have a major responsibility in con-
tributing to the prevention and recognition of childhood ill 
treatment. This poses particular challenges for healthcare 
workers when they work with children and families from 
different belief systems and cultural backgrounds. They may 
fi nd that they have to care for street children, child soldiers, 
and children separated from their parents by civil strife and 
unrest, and fi nd themselves making diffi cult judgements 
about how a child can be best protected when they have 
few if any points of reference, and only limited contact with 
other agencies.

The basic principles of the investigation of child mal-
treatment are that:

 O the welfare of the child is paramount
 O multi- agency/multi- sectored collaboration is needed
 O agencies must work together within the legal framework 

of the country (where this is in place).

Child maltreatment or abuse involves acts of omission and 
commission which result in harm to a child. It can occur in 
the family, in the community or in institutions (e.g. schools, 
hospitals, churches, mosques, temples, clubs, orphanages 
or other institutions). It encompasses:

 O exploitation through traffi cking for sexual or other forms 
of slavery

 O exploitation through enforced prostitution
 O physical abuse
 O emotional abuse
 O neglect
 O sexual abuse
 O fabricated induced illness (FII)
 O conscription as child soldiers.

Features of presentation of a child to 
hospital which suggest possible ill treatment 
or abuse

 O Delay in seeking medical help for an injury or serious 
clinical symptoms or signs (e.g. bleeding).

 O A history that is vague or rehearsed, with inconsisten-
cies and signifi cant changes on re- telling or following 
questioning.

 O No explanation of the cause of the injury.
 O Repeated attendance at healthcare facilities (this may 

suggest fabricated or induced illness, FII; see below).
 O Parents or carers being evasive or hostile.
 O A history of injury that is inconsistent with the child’s age 

and/or developmental skills.
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 O A ‘collusion of silence’, or one parent implicating the 
other.

 O Accusations that the child is a witch, or that witchcraft 
has been perpetrated by others.

 O The presence of other injuries, or a previous history of 
unusual injury.

 O Child appearing sad, withdrawn, anxious or frightened 
(‘frozen watchfulness’), or over- compliant.

 O Child may indicate the abuser.

Particular consideration needs to be given to children with 
disabilities who may be unable to communicate about their 
ill treatment, and where their presentation may be misat-
tributed to their disability. 

Children who suffer abuse are often threatened by being 
told that they will be to blame if the family is separated. 
Fear of what might happen to them may result in children 
between the ages of 4 and 10 years colluding with the 
abusive parent.

Physical abuse/ill treatment (non- 
accidental injury)
Physical abuse can be defi ned as any act resulting in a 
non- accidental physical injury, including not only intentional 
assault, but also the results of excessive or violent punish-
ment. Physical abuse occurs when a person deliberately 
injures a child or young person. 

Around 25–50% of all children report being physically 
abused, according to the World Health Organization (WHO).

Physical abuse usually coexists with emotional abuse, 
and sometimes accompanies sexual abuse. However, in 
some settings, physical chastisement (especially of older 
children) continues to be considered part of ‘good parent-
ing’ and important for instilling discipline in a community’s 
children. In many countries, laws defi ne which childhood 
punishments are considered excessive or abusive.

Some classifi cations defi ne physical abuse as an injury 
that produces a mark. However, this does not take into 
consideration the emotional effects of physical abuse. The 
number and size of the bruises are helpful in distinguishing 
between mild and serious abuse. Any assault on a child is 
unacceptable and constitutes child abuse. A small bruise 
in a baby may predict future serious or fatal abuse.

Typical injuries include the following:
 O lash marks, especially on the trunk, legs and hands
 O bruises, especially on the face, scalp, and on or behind 

the ears and on the buttocks
 O certain patterns of bruises, such as fi ngertip marks or 

bruises in the shape of the implement used, or multiple 
bruises of different ages. However, current scientifi c 
evidence concludes that we cannot accurately date a 
bruise from clinical assessment or from a photograph.

 O Burns, including branding and scalds, especially when 
these are bilateral and/or symmetrical (e.g. buttocks or 
face held against a hot object such as a radiator, or both 
hands or feet or buttocks scalded as a result of the child 
being immersed deliberately in hot water). A pattern sug-
gesting a cigarette burn or burns is also important, but 
be careful about the possibility of impetigo, which may 
mimic such burns (impetigo heals quickly and without 
scarring with antibiotic treatment, topical if a small area 
and systemic if widespread, whereas burns heal more 
slowly and may scar)

 O injuries to the mouth (especially a torn frenulum)
 O bleeding from the mouth or nose in an infant (indicating 

the possibility of intentional suffocation)
 O adult bite marks
 O bony injuries, especially in non- ambulant children; skull 

fractures, spiral fractures of the humerus, rib fractures 
in young children and multiple fractures of different 
ages, epiphyseal separation at the end of long bones, 
periosteal separation and haematomas

 O infl icted head injury (especially in infants) involving tear-
ing of the superfi cial veins over the brain and retina, 
causing subdural and retinal haemorrhages: this can 
be fatal, or may cause physical and mental impairment 
and visual loss.

 O failure to thrive due to neglect (category 2) or deliberate 
starvation (category 3) 

 O induced illness, including suffocation or poisoning.

Figure 7.6.1 shows the common injury sites for both acci-
dental and abusive injuries.

FIGURE 7.6.1 Common sites for (a) non- accidental (abusive) 
injuries and (b) accidental injuries.

Particular care needs to be taken when interpreting skin 
marks in settings where traditional practitioners use cup-
ping, coining, scarifi cation or tattooing treatments. 

Children are more likely to be killed or to experience 
violence in their own home than outside it. The triad of 
violence against a partner (usually the female partner), child 
abuse and substance misuse (drugs and/or alcohol) is a 
common association. There is a strong correlation between 
domestic violence and child abuse.

Emotional and psychological abuse
This can occur as isolated incidents, as well as within a pat-
tern of failure over time on the part of a parent or caregiver 
to provide a developmentally appropriate and supportive 
environment. This has a high probability of damaging the 
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child’s physical or mental health, or their physical, mental, 
spiritual, moral or social development. 

This category should be used where it is the main or 
only apparent form of abuse.

Emotional and psychological abuse includes the 
restriction of movement, patterns of belittling, blaming, 
threatening, frightening, name- calling, scapegoating, per-
sistent criticism, discriminating against the child compared 
with their siblings, ridiculing them, and other non- physical 
forms of rejection or hostile treatment.

This type of abuse can be difficult to recognise. 
Concerns are frequently raised by a child’s extended 
family, neighbours, or nursery or school staff. All abuse 
involves some emotional abuse, but emotional abuse may 
exist independently. Emotional abuse occurs when, for 
example, there is:

 O emotional unavailability of the parent or carer (e.g. when 
they are preoccupied with their own needs because of 
mental health problems, substance abuse problems, or 
work commitments)

 O failure to allow the child to interact normally socially 
with others. 

The consequences of emotional abuse vary with age and 
with its duration, and may include the following:

 O Impaired physical development: these children often fail 
to reach their optimum potential in terms of growth; this 
improves when the child is placed in a more nurturing 
environment.

 O Impaired cognitive development, including speech and 
language delay, poor concentration and academic 
underachievement. 

 O Behavioural abnormalities, such as anxious attach-
ment, lack of social responsiveness, expressionless 
face, fear of speaking, eagerness to please, attention 
seeking, overactivity or ‘hyperactivity’, no wariness with 
strangers, hunger for human contact, inability to form 
relationships, self- injurious or self- stimulating behav-
iours, hoarding and stealing of food, pica, enuresis and 
encopresis, and bizarre behavioural patterns (sometimes 
there is autistic- like behaviour).

 O Impaired psychological development, especially with 
regard to speech and language: aggression, emotional 
unresponsiveness, emotional instability, impaired social 
development, low self- esteem, dependency and separa-
tion anxiety, serious social diffi culties, underachievement, 
negative self- evaluation, poor concentration, and poor 
academic performance or school attendance.

 O Psychiatric disorders: emotional maltreatment and 
abuse have been described in association with three 
psychiatric disorders of childhood:

 — depression
 — reactive attachment disorder of infancy
 — multiple personality disorder.

In general, these children become sad, dejected and 
withdrawn.

 O Medical problems include the following:
 — failure to thrive
 — recurrent and severe nappy rash
 — generally unkempt appearance, with poor hygiene
 — recurrent minor infections.

Neglect
Neglect includes both isolated incidents and a pattern 

of failure over time on the part of a parent or other family 
member to provide for the development and well- being of 
the child (where the parent is in a position to do so) in one 
or more of the following areas.

Neglect is persistent failure to meet a child’s essential 
needs by inattention or omitting basic parenting tasks and 
responsibilities in all aspects of their needs (health, hygiene, 
clothing, education, and social, emotional, mental, spiritual 
and moral needs). It also includes failure to provide appropri-
ate nutrition, shelter and safe living conditions.

Examples include lack of supervision, with failure to 
protect the child from dangers (e.g. cold temperatures, 
sunburn, drowning) due to poor supervision and attention 
to safety in the home (e.g. not providing stair gates or locks 
on windows), failure to thrive, and failure to meet the child’s 
emotional needs for love, affection and stimulation.

Neglect is seen as the persistent failure of a parent or 
carer to meet a child’s developmental, basic physical and/
or psychological needs by omission of basic parenting. It 
results in serious impairment of the child’s physical health, 
psychological well- being and development. It may coexist 
with other forms of ill treatment.

The parents’ or carers’ own problems (e.g. learning 
diffi culties, mental and physical health problems, poverty, 
inappropriate housing) can all contribute to this. In unstable 
settings, such as armed confl ict, there may be signifi cant 
security issues that contribute to their inability to provide a 
safe environment for their children. 

Child sexual abuse (CSA)
Introduction
This is the involvement of children in sexual activity to 
which they cannot consent. Another defi nition could be 
any activity in which an adult or older child uses a younger 
child in a sexual way. 

In addition to direct sexual contact between adult and 
child (including intracrural, oral, vaginal or anal sex and the 
masturbation of an adult), it includes the use of penetrative 
instrumentation, the production of pornographic imagery of 
children, exposing a child to indecent acts or pornography, 
and other voyeuristic practices. Very young children may 
also be traffi cked for use in the sex industry, and older 
children may be groomed for prostitution.

Sexual abuse is a serious global problem that tran-
scends economic or social barriers. Poverty, emotional 
deprivation and lack of education often mean that young 
people are powerless to avoid being trapped both in sexu-
ally abusive situations and in domestic violence. However, it 
is universally true that sexual abuse is most often suffered at 
the hands of a neighbour, family friend or a trusted person, 
including a parent. A signifi cant power differential usually 
exists between victim and abuser. This fact is important 
when examining situations of sexual behaviour between 
children themselves. 

In legal terms there are two types: 
1 when a stranger or someone the child knows abuses 

the child
2 incest: when a relative by blood or by law abuses the 

child.

Some facts about CSA 
 O Child sexual abuse is a problem in all socio- economic 

classes.
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 O Boys are also sexually abused. 
 O Abusers are usually people whom the child knows.
 O It is never the child’s fault if they are sexually abused.
 O Women can also be abusers.
 O Abusers cannot be recognised by their physical 

appearance. 
 O Sharing the experience of abuse with someone who 

is supportive and understanding helps the victim deal 
with it.

 O Very young children can be abused in this way.
 O A child who is abused at a very young age will also be 

affected by it, even if they forget the particular episode.
 O CSA is rarely accompanied by violence and physical 

force.
 O The main motive behind sexual abuse is not sexual 

frustration but to gain ‘power’ and ‘control’.
Worldwide, 40–47% of sexual assaults are reported 

to involve girls under the age of 15 years. In Tanzania, 
almost 30% of adolescents undergoing abortions had been 
impregnated by men aged 45 years or older. In India, a 
study in 2007 reported that over 50% of children had been 
subjected to sexual abuse, and in 21% of cases this was 
of a severe nature. That study also reported that children 
living on the street or in institutional care were most vulner-
able to sexual abuse.

Rape and impregnation as a weapon of war is now well 
recognised as a distressing and complex issue arising in 
countries where confl ict is endemic. 

Physical symptoms of CSA
Sexual abuse may go undetected for years because the 
symptoms are vague and easily attributed to other factors, 
such as the arrival of a new sibling in the home or family 
breakdown. Abuse may come to light abruptly when a child 
says something inappropriate or makes a direct allegation 
(disclosure) when in a situation in which they feel safe, 
sometimes to a friend or teacher at school.

Physical symptoms are unusual and vague. Unexplained 
episodic dysuria and frequency or genital soreness are most 
often recalled in retrospect. Sexually transmitted disease 
and pregnancy may make the diagnosis irrefutable in some 
cases. Obvious pain, bleeding and signs of acute physical 
trauma to the genital and anal area are rarely presenting 
features, and usually accompany violent and reckless 
assaults, often by a stranger.

Other symptoms include diffi culty in walking, gastroin-
testinal disturbances (including nausea), eating disorders, 
abdominal pain, and in the genital area pain, itching, visible 
injury, discharge, infection or diffi culty urinating.

Bruises, cuts and other injuries on any part of the body 
for which the cause is not clear and the child cannot give 
a full explanation may be present. Sexually transmitted 
diseases may occur at the time of abuse or lie dormant 
for months or even years, only to fl are up in adolescence 
or adulthood.

There may be a noticeable fear of a particular person 
or place, sudden bedwetting or soiling, preoccupation with 
sexual acts, and a change of language or re- enacting their 
experiences with other children. Nightmares, withdrawn 
behaviour, changes in appetite and a decline in school 
achievement are not uncommon.

Other behavioural effects include the following: 
 O persistent and inappropriate sexual play with peers, 

toys, animals or self

 O sexual themes and fears in the child’s artwork, stories 
and play

 O sexual understanding or behaviour beyond that expected 
for the child’s developmental stage

 O self- harm or hurting others, including fi re setting and 
cruelty to animals 

 O fear of being alone, of going home, or of particular 
places and people

 O running away from home
 O drug and/or alcohol use
 O adolescent prostitution or sexual promiscuity
 O suicidal feelings and attempts. 

Parents should be concerned if a child appears to have 
unexplained expensive objects or financial resources. 
The grooming process often involves making a child feel 
cherished and creating dependency by offering them qual-
ity time, treats and gifts; in older children, the grooming 
process often includes encouragement to indulge in and 
provision of cigarettes and alcohol.

These effects may be symptoms of something other 
than CSA, but the possibility of CSA should always be 
explored.

Most of the symptoms relate to long- term psychological 
damage. Young adults fi nd it diffi cult to make intimate rela-
tionships and to trust others. Alcohol and drug dependency, 
anxiety disorders, self- harming and suicidal ideation may be 
linked to sexual abuse, especially at the hands of a trusted 
adult such as a parent. The traumagenesis of sexual abuse 
has been extensively described by Finklehor. He proposed 
four dynamics; traumatic sexualisation, powerlessness, 
betrayal and stigmatisation. 

Clinical examination and physical signs
Clinical assessment of the sexually abused child should ide-
ally be conducted by trained and experienced professionals, 
and preferably a specialist forensically trained doctor or 
nurse. The environs of the clinical space should be child 
friendly and the examination unhurried. All examinations 
should consider the global health needs of the child fi rst; 
the needs of law enforcement should not be paramount.

Careful history taking is the fi rst step, and if prosecution 
is being sought, the history should be obtained without 
risk of contamination, either directly from the child before 
a recording witness or in the child’s absence from the adult 
who knows fi rst- hand what the child has said. The history 
should be elicited with free recall and by posing indirect 
questions (e.g. ‘Tell me why you are here’ or ‘Is there 
something that has upset you? Can you talk about it?’). 

Children will feel less threatened if other aspects of their 
health are also examined at the same time. The normal 
child health enquiry about growth, diet, systems enquiry 
and school function is important. Clinical examination of the 
child should also be holistic, and incidental fi ndings should 
be relayed back to the parent and child appropriately. A 
whole body approach is more likely to promote a sense of 
healing than a prolonged focus on the genitals and anus.

Physical abuse and sexual abuse are seen together in 
around 15% of cases.

Physical signs of sexual abuse are uncommon even 
in long- standing, intrusive and painful abuse. Such subtle 
signs as may be present will be missed if the examiner 
does not encourage the child to be fully relaxed. The use 
of a high- quality lighting source is critical, as is the child’s 
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posture. The gold standard is the use of photo- colposcopy, 
which provides magnifi cation, light and a recording of the 
fi ndings.

Small children are best examined in the frog- leg position, 
assisted by someone whom they trust. The knee–chest 
position may have to be used to defi ne the hymenal free 
edge. Gentle anterior traction on the labia usually suffi ces 
to open or stretch the orifi ce. Older and pubertal girls may 
benefi t from the use of stirrups and a damp swab to identify 
deep clefts. This should be done after appropriate speci-
mens have been collected for forensic analysis.

Criminal prosecution from sexual abuse allegations and 
forensic evidence gathering is a demanding process that 
requires strong links between law enforcement agencies 
and forensic examiners. Doctors and nurses who expect 
to provide such a service require training from experts in 
the fi eld. 

Essential reading for forensic practitioners should 
include The Physical Signs of Child Sexual Abuse, produced 
by the Royal College of Paediatrics and Child Health in the 
UK in collaboration with the Royal College of Physicians of 
London and the Faculty of Forensic and Legal Medicine. 
This document presents a review of all the substantial 
research into individual physical signs. It also presents 
guidance on best practice relating to examinations and 
healthcare (see the Further reading list at the end of this 
section for details).

Diagnosis of CSA
This is usually achieved following multi- agency assessment, 
the history and medical examination being only a part of 
the process. 

Acute sexual assault fi ndings (within hours or a few days):
 O Bruising and swelling, abrasions and lacerations to the 

external genitals without a history of accidental trauma.
 O Grip marks and bruising around the limbs.
 O Cigarette or lighter burns around the breasts and pubic 

area.
 O Bite marks, including suction bites around the breasts, 

abdomen and thighs.
 O Petechiae around the eyes, tears to the oral frenulum, 

petechiae over the posterior fauces.
 O Visible petechiae over the hymen, hymenal tears, hae-

matomas and bleeding.
 O Petechiae or bites over the glans penis and scrotum.
 O Bruising, oedema and lacerations around the anal area 

(oedema usually resolves within 48 hours).
 O Semen may be found in the vagina or rectum.
 O Pregnancy is a major and not uncommon result. 

‘Chronic’ sexual abuse findings (the most common 
presentation):

 O Hymenal transections, deep clefts and notches in the 
posterior hymen, and loss or absence of posterior 
hymenal tissue are signs seen almost exclusively in the 
abused child.

 O Signifi cant tears can heal rapidly, but may leave mounds 
or adhesions on the hymen.

 O The size of the hymenal orifi ce is too variable to be a 
guide to penetration, but a gaping orifi ce created by loss 
of the posterior hymen is signifi cant.

 O A mounded scar over the fourchette is evidence of 

signifi cant stretching trauma in the absence of a history 
of accidental straddle injury.

 O Hymenal injuries are never acceptable from a history of a 
straddle or other fall unless there is convincing evidence 
of direct penetration by an object.

 O Small superfi cial notches, bumps and labial adhesions 
are not uncommon in non- abused girls.

 O Anal fi ndings are uncommon. They include marked 
sustained laxity and gaping, deep and poorly healing 
fi ssures and venous congestion. Such signs may be 
seen in non- abused children, and must be considered 
in the context of the history given.

Differential diagnoses
Several common naturally occurring conditions not due 
to abuse may give rise to a suspicion of sexual abuse but 
must be excluded.

Non- specifi c vulvo- vaginitis is the commonest. A frequent 
presentation in the pre- pubescent child, symptoms are of 
intermittent mild dysuria, redness and a sticky discharge. 
Symptoms are likely to relate to withdrawal of the maternal 
oestrogen effect, which makes some children intolerant of 
the use of strong detergents and poor hygiene practices. 
The use of loose- fi tting underwear, gentle cleansing and 
the regular application of simple emollients usually provide 
relief of a condition that tends to recur until early puberty.

The presence of pinworms can cause genital symp-
toms, as can localised eczema in the napkin area. These 
require appropriate measures.

Infective vulvo- vaginitis presents with signifi cant infl am-
mation and pain, sometimes associated with upper airways 
infection, and often streptococcal in origin. If possible, 
bacterial cultures should be obtained before appropriate 
antibiotics are offered.

Lichen sclerosus et atrophicus is an uncommon skin 
disorder which may be associated with other autoimmune 
disease, including morphea in adults, but it tends to be a 
stand- alone diagnosis in children. It presents with fragility, 
haemorrhaging and bruising of the skin of the labia, dysuria 
and occasional urinary retention. Diagnosis is made easy by 
the classical picture of de- pigmentation in a fi gure- of- eight 
confi guration associated with obvious skin fragility, and easy 
bleeding on stretching. Vigorous treatment with emollients 
is often adequate in mild cases, but topical steroids may be 
required to control severe signs and symptoms.

Retained foreign bodies can be the cause of intermittent 
bloodstaining and purulent or offensive discharge in very 
young children. It should be recognised that repeated inser-
tion of foreign bodies into the vagina by a young child may 
be the presenting sign of learned or disturbed behaviour.

Constipation can give rise to intermittent anal bleeding 
and discomfort. 

Infl ammatory bowel disease may present with anal fi s-
sures, bleeding and discharge.

It is important to communicate to parents and other pro-
fessionals that sexual abuse may not result in any physical 
fi ndings, and that there are few signs which are absolutely 
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diagnostic. Nevertheless, a medical examination following 
an allegation of sexual abuse may provide valuable forensic 
information as well as an opportunity for reassurance, treat-
ment of infection, and access to wider therapeutic support.

Diffi cult judgements about how to proceed may have 
to be made in settings where female genital cutting is 
practised, and where legislation and/or community action 
against this practice is weak.

Fabricated and induced illness (FII)
This is the severe end of a spectrum of unusual or abnor-
mal health- seeking behaviours in which signifi cant harm 
is caused by a parent or carer (usually the mother), who 
deliberately fabricates signs or symptoms or induces ill-
ness in a child. Sometimes the abuse is the direct result of 
inappropriate and often invasive and unnecessary investi-
gations or treatment by healthcare workers responding to 
the parent’s fabricated accounts of non- existent illness. It 
is probably more common in developed than developing 
countries. The child is frequently brought for multiple medi-
cal assessments and investigations, the perpetrator (often 
the child’s mother) denies knowledge of the causation of 
the illness, and the acute signs and symptoms cease when 
the child is separated from the perpetrator.

Healthcare workers in hospital are often the fi rst profes-
sionals to suspect FII in a child on the basis of concerns 
about:

 O being given erroneous or misleading information
 O deliberate poisoning
 O deliberate burns or damage to the skin
 O the possibility of deliberate suffocation 
 O deliberate fabrication of fi ts 
 O removal of or tampering with medical monitoring 

equipment
 O the introduction of foreign material into investigative 

tests.

Immediate action when ill treatment or 
abuse is suspected

 O A detailed history and full medical examination are 
required (including inspection of the genitals). Where 
possible, obtain the consent of the parent or carer and 
the child to carry out the medical examination.

 O If consent is withheld, work urgently within the legal 
framework of the country concerned to examine and 
protect the child in conjunction with police, social ser-
vices or civil society organisations.

 O Ensure that the child (if they are old enough and able to 
speak) is given the opportunity away from their parent or 
carer to say how they were hurt (disclosure), at the same 
time avoiding interference with any police investigation.

When responding to disclosure:
 O Remain calm. An over- reaction will make the child feel 

even more frightened and ashamed.
 O Believe the child.
 O Listen in a non- judgemental way.
 O Use the child’s language.
 O Tell the child that you are glad they have told you what 

happened.
 O Reassure the child that they did nothing wrong.

 O Explain to the child that abuse is an unfair thing that 
happens to children, without condemning the offender.

 O Determine the immediate need for safety.
 O Don’t make promises that you cannot keep.
 O Let the child know what you will do.
 O Set in motion the process of getting help for the child.
 O Take care of yourself.

Do’s and don’ts of disclosure
Do use phrases like this: ‘I believe you’; ‘You did the right 
thing by telling someone’; ‘I’m so sorry this has happened 
to you’; ‘It’s not your fault’; ‘I will try to help you so that it 
won’t happen again.’ 

Don’t use phrases like this: ‘Don’t say such things!’; ‘Are 
you sure it happened/is happening?’; ‘Are you telling the 
truth?’; ‘Why are you telling me?’; ‘Why didn’t you stop it?’; 
‘What did you do to make this happen?’

 O Consider whether other children in the family may need 
to be examined and protected.

 O Record a full history as it is spoken, and include an 
evaluation of the child–parent interaction.

 O Carry out a careful examination in a well- lit room. 
 O Record the details of the history and examination legibly 

and contemporaneously in the child’s medical notes. A 
form of the type available in the Appendix can be helpful.

 O Include details of the child’s demeanour and presenta-
tion, and their height and weight plotted on a centile 
chart. Ensure that an examination of the child’s mouth, 
nose, ears and neck is undertaken, and complete a full 
systemic medical examination.

 O Document any injuries on body diagrams (see Figure 
7.6.1 and Appendix).

 O Consider photo documentation (with the child’s consent, 
if possible) of injuries, and ensure that the images can 
be stored safely and confi dentially. 

 O Check whether the family is known to the police and/
or social services.

 O Consider whether any additional medical investigations 
need to be carried out (e.g. X- rays for bony injuries, a 
skeletal survey in children under 3 years of age, clotting 
studies) (see Table 7.6.2).

 O Admit the child to hospital if observation or treatment is 
indicated, or to a place of safety if the child is considered 
to be at risk. Staff can then have the opportunity to talk 
further with the child.

 O If the parents refuse to allow the child to be examined 
or admitted, urgent action to protect the child will be 
required within the legal framework of the country. This 
may mean referral to the duty social worker (if a referral 
has not already been made) or the police.

A thorough medical examination should include the 
following:

 O observation of the child’s demeanour
 O height, weight and head circumference (in a preschool 

child) plotted on a centile chart
 O examination of the mouth, nose, ears, neck and genitals
 O inspection of skin surface for bruises, marks and cuts
 O examination of the eyes for retinal haemorrhages (pupil 

dilatation may be needed) (see Section 5.15).
 O systemic examination
 O an assessment of the child’s developmental age.
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Investigations to exclude medical causes should 
include the following:

 O full blood count, platelets and clotting screen
 O a detailed skeletal survey (especially in children under 

3 years) to look for new and old fractures; a chest X- ray 

including the upper arms can be very valuable for iden-
tifying rib and humerus fractures 

 O investigations to exclude vitamin D defi ciency, if there 
are fractures

 O CT or MRI scan of the brain (if available), if non- accidental 
head injury is suspected.

TABLE 7.6.2 Investigations in the differential diagnosis of child abuse

Injury Differential diagnosis Investigation

Bruising Coagulation disorder, idiopathic 
thrombocytopaenic purpura/Henoch–Schönlein 
disease, haemorrhagic disease of the newborn, 
septicaemia, connective tissue disorders, birth 
marks, dyes, tattoos, drug reactions, self- infl icted 
injuries, traditional treatments

Full blood count, blood fi lm, coagulation studies

Chest X- ray

Consider skeletal X- ray survey in children under 
3 years of age

Opinion of expert in skin diseases (if available)

Bites Animal or human

Adult or child

DNA skin swab (if available)

Photography

Forensic dental assessment (if available)

Fractures Accidental injury, birth injury, infection, 
malignancy, osteogenesis imperfecta, 
osteopaenia, nutritional defi ciencies (including 
rickets) 

Chest X- ray

X- ray skeletal survey in children under 3 years of age 

Bone scan (if available) 

Radiology advice

Blood calcium, phosphate, alkaline phosphatase and 
vitamin D levels (if available)

CT scan for head injury (if available) 

Scalds and burns Other skin pathologies (e.g. staphylococcal and 
streptococcal infection), drug reactions, allergic 
reactions to plants (e.g. euphorbias) 

Skin swabs

Dermatology opinion (if available)

Head injury/unexplained 
fi ts or coma

Coagulation disorder, epilepsy or febrile 
convulsion, cerebral malaria, meningitis, 
poisoning

Retinal examination after pupil dilatation (see 
Section 5.15)

CT scan (if available)

TABLE 7.6.3 Differential diagnoses of genital and anal fi ndings

Concerning sign Differential diagnoses

Vaginal bleeding Accidental injury, especially straddle injury, urethral prolapse, precocious puberty, lichen sclerosis atrophicus, 
foreign body in genital tract, severe vulvo- vaginitis

Rectal bleeding Anal fi ssures caused by hard stool, infl ammatory bowel disease, infective diarrhoea, rectal polyps, rectal 
prolapse

Vulvo- vaginitis Poor hygiene, skin disease (e.g. eczema, lichen sclerosis), allergies to detergents/bath products 

Additional considerations when performing 
examination of the genital and anal areas

 O Ensure that a good light source is available, including 
the use of colposcopy, if this is available.

 O Conduct interviews and examinations of children with 
another professional person present. 

 O Instrumental examination is not normally required in 
pre- pubertal girls. Assessment of the hymen in post- 
pubertal girls may require use of a cotton tip swab or 
other techniques.

 O Knowledge of local practice with regard to female genital 
cutting and male circumcision is important when inter-
preting clinical fi ndings.

 O Interpretation of anal signs is diffi cult, and needs to be 
undertaken in conjunction with a careful history of the 
child’s bowel pattern.

 O If forensic facilities are available, ensure that clothing 
items and relevant swabs are taken in line with local 

protocols, and that a chain of evidence is maintained 
to the forensic laboratory. 

 O Assess whether swabs for sexually transmitted infection 
(see Section 6.1.J) need to be taken immediately or at 
a follow- up review.

 O Consider whether a pregnancy test needs to be car-
ried out.

 O Consider whether emergency contraception is needed.
 O Consider the risks of HIV infection and whether post- 

exposure prophylaxis is needed in line with local 
protocols. This will vary depending on knowledge of 
the assailant, the nature of the injuries, and the country’s 
HIV prevalence rates.

 O Consider whether hepatitis B immunisation (if available) 
is indicated. 

Special issues concerning the management 
of sexual abuse
The child’s immediate needs are as follows:
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 O To feel believed and acknowledged: All interaction 
with the child should convey this message. Intrusive 
questioning, especially questions that imply some meas-
ure of blame (e.g. ‘Why didn’t you tell earlier?’) can cause 
a child to refuse to speak further and even retract previ-
ous statements. The protective parent or carer should 
be briefed about this risk.

 O To be safe from further harm: Protection usually 
involves the statutory services (if they exist). Police and 
social workers should be part of the multidisciplinary 
process that assesses the child’s safe custody. The 
safety of siblings must also be considered at this stage, 
if not before.

 O To have all their health needs met: Their immediate 
needs are for reassurance that they are healthy, and that 
any changes in the genital area will heal. Care should 
be taken to use the right language to inform the parent 
and the child about these changes. The use of phrases 
such as ‘no longer a virgin’ is highly inappropriate in 
this context, and indeed anatomically inaccurate in 
most cases.

Attention must be given to detection and treatment of all 
acquired sexually transmitted infection, including HIV, pref-
erably within 2 weeks of an acute assault and possibly at 
the same time as the examination for long- standing abuse.

Pubescent girls should be offered emergency contra-
ception where indicated.

All incidental fi ndings (e.g. anaemia, rashes, heart mur-
murs) and reported health problems should be attended to 
and followed up where necessary.

Forensic sampling in acute sexual assaults
A decision to undertake forensic sampling depends upon 
the following:

 O Has contact abuse been reported? There is always a 
possibility of transferred material if there has been direct 
contact. Even if a condom was used, relevant lubricant 
or saliva may be detected. 

 O How long is it since the assault? If it is less than 
72–96 hours, there is a possibility of trace material 
being found, especially within skinfolds.

 O Has there been bathing or washing? Material may still 
be available, but this is less likely if the child has been 
washed thoroughly.

 O How active is the child or adolescent? Children who are 
immobile for reasons of illness or disability may retain 
trace material well beyond the standard time, as drain-
age from the vagina is erratic.

What samples should be collected?
The history should guide the practitioner in deciding where 
trace material is likely to be found. The history may direct 
one to unusual sites (e.g. swabs may identify traces of 
adhesive from a victim who has alleged being strapped 
down with masking tape; microscopic rope fi bres may be 
recovered from around the ankles or wrists). It is sensible 
to collect duplicate swabs from each area sampled.

In general, swabs lightly moistened with sterile distilled 
water should be used to collect material that is visibly dried 
on or speculatively present. Dry swabs are used in moist 
areas such as the mouth, glans penis, anus and vagina.

If the child is very young or an infant, semen or saliva 
may be present over a wide area (e.g. in the hair, armpits, 

abdomen, thigh creases). Damp swabs may be collected 
over all these areas in a young baby, whereas an adolescent 
is more likely to carry evidence over the breasts and in and 
around the vaginal area.

The use of an ultraviolet (UV) light in a dark room may 
help to identify both deposits of semen and saliva, and areas 
of deep trauma within the skin. These latter areas fl uoresce 
because of disturbance of melanin, haemoglobin and col-
lagen tissue. The UV light should be used with caution, as 
there is a risk of material denaturing with extended use. 

An example of systematic head- to- toe trace evidence 
gathering could be as follows:

 O hair combings over a sheet of white paper, then folded 
and placed in a special plastic bag*

 O cut areas of hair if dried material is visible
 O specialised tooth brushings between the teeth and gum 

swabs if there has been oral ejaculation
 O fi nger nail scrapings if there was violent resisted assault *
 O damp swabs pressed fi rmly and rolled over any bites 

noted around the neck or breasts
 O swabs from the axillae and from within the umbilicus in 

a small infant
 O pubic hair combings*
 O external vulval damp swabs
 O dry high vaginal swabs
 O swabs from the glans penis, behind the foreskin and 

over the shaft for saliva
 O damp peri- anal swabs
 O dry rectal swabs
 O all clothing bagged individually as removed
 O tampons and sanitary towels similarly bagged.

Every item collected should be fully labelled, bagged and 
sealed by the receiving witness, most commonly a police 
offi cer. It is sensible to allow a brief interval between sam-
ples to ensure that earlier samples have been correctly 
dealt with.

* Forensic material obtained in this way is only relevant 
if the alleged perpetrator denies all contact with the victim, 
or is unknown and therefore also a potential serial offender. 
Finding the perpetrator’s DNA in hair or other material on 
the victim is potent evidence in such cases.

Sexually transmitted diseases (STDs) 
A sexually transmitted infection may be the presenting 
feature in sexual abuse. Children who have experienced 
contact sexual abuse should be screened for STDs. The 
screening programme should take local prevalence factors 
into account, as should the decision to offer prophylactic 
antibiotics or antiviral treatment (see also Section 6.1.J).

Neisseria gonorrhoeae (especially non- conjunctival 
gonococcus) is not an expected infection outside the 
neonatal period, and is strong evidence for sexual abuse. 

Chlamydia trachomatis similarly usually implies sexual 
abuse. There is evidence for vertical transmission at birth, 
and limited research evidence for the persistence of asymp-
tomatic colonisation beyond the fi rst year of life.

The presence of either of these organisms, especially if 
symptomatic in mid- childhood and beyond, should raise the 
strongest suspicion of abuse, regardless of the presence 
of maternal infection.

Trichomonas vaginalis may cause an offensive dis-
charge in adolescents, and is a strong marker for sexual 
activity, consensual or otherwise. It is not known to infect the 
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pre- pubescent child, although it may be found colonising 
newborns from infected maternal secretions.

Human papillomavirus is a very common infection, and 
hand- to- skin transmission is so frequent that it is usually 
diffi cult to use this infection to resolve issues of sexual 
transmission. Transfer may be perinatal, and lesions may be 
seen in early childhood in the mouth and larynx. However, 
the presence of genital warts should mandate careful 
examination and screening for other STDs.

Herpes simplex virus (HSV) raises similar issues. Auto- 
innoculation and benign transfer cannot be excluded. 
Adolescents presenting with symptomatic genital HSV are 
likely to have had sexual contact. They need careful evalu-
ation and screening for other STDs.

Treponema pallidum (syphilis) may be acquired through 
the placenta, and signs or symptoms of infection are highly 
unpredictable. Most studies in older children suggest 
transfer through sexual contact. The infection is exclusively 
sexually transmitted in adults. Sexual transmission should 
always be considered in a child presenting with symptoms. 
Infection in the parent does not exclude abuse.

Hepatitis B and hepatitis C are recognised as being 
sexually transferred in adults. There is insuffi cient research 
in children; however, screening of the sexually abused child 
is mandatory in high- risk situations, such as multiple or 
violent assaults and in high- prevalence regions.

Human immunodefi ciency virus (HIV): The frequency of 
infection acquired through abuse will refl ect the prevalence 
of HIV in the local population, and screening is strongly 
advised where the prevalence is high. 

Screening for hepatitis and HIV will need to be timed to 
take account of time to seroconversion, which is usually a 
period of 6 or more weeks. Interval repeat screening for late 
conversion may be considered up to 12 weeks.

Most STDs can be screened for at 2 weeks from the 
date of contact.

Neisseria gonorrhoeae should be screened for at the 
fi rst possible opportunity, preferably at the time of assess-
ment if feasible, or within 48 hours.

Consideration should be given to hepatitis B vaccination 
if the child presents within a week or two after a penetra-
tive assault.

Similar consideration may need to be given to HIV 
prophylaxis on occasion.

Long- term needs
Those children who are going through the criminal justice 
process will need extensive support and counselling.

In well- managed sexual abuse allegations, most young 
children appear to function well. However, the disruption to 
their lives and the loss of familiar adults and objects around 
them does have an impact on many, and it is important that 
their carers are briefed. 

Children who have been brutally sexualised may not 
recover, and may seek inappropriate affection and contact 
which makes them diffi cult to parent. Others may suffer 
nightmares, phobias and other symptoms of anxiety. Long- 
term psychological input may be necessary.

Special issues involving sexual abuse
Child traffi cking
In 1994, the United Nations General Assembly defi ned traf-
fi cking as the ‘illicit and clandestine movement of persons 

across national and international borders, largely from 
developing countries and some countries with economies 
in transition with the end goal of forcing women and girl 
children into sexually or economically oppressive and 
exploitative situations for the profi t of recruiters, traffi ckers, 
crime syndicates, as well as other illegal activities related to 
traffi cking, such as forced domestic labour, false marriages, 
clandestine employment and false adoption.’ 

It is estimated that in the last 30 years, traffi cking in 
women and children in Asia for sexual exploitation alone 
has victimised over 30 million people. 

Children are trafficked for a number of purposes, 
including: 

 O sexual exploitation
 O adoption
 O child labour 
 O child soldiers
 O forced marriage
 O body parts
 O ritual sacrifi ce.

Parents are promised education or jobs for their children. 
Some children are simply captured, then traded for what-
ever commodity is in demand (domestic work, sex work, 
drug carrying or beggary). 

Children who are displaced are highly vulnerable to 
sexual and physical abuse. They fear seeking help and 
often do not have the language to do so. 

Different cultural situations produce different types of 
exploitation. In Asia, for example, girls as young as 13 years 
may be exported as mail- order brides, and in Thailand 
around 100 000 women and girls from border countries 
are imported into the sex trade. Large numbers of children 
are being traffi cked in West and Central Africa, mainly for 
domestic work but also for sexual exploitation, to work in 
shops or on farms, or to be scavengers or street hawkers. 
Nearly 90% of these traffi cked domestic workers are girls. 
Many of these girls are traded on into the Middle East and 
Europe. 

The International Organisation for Migration (IOM) has 
produced an extensive document that comprehensively 
deals with all aspects of victim management (see Further 
reading section at the end of this section).

Advice, both for the country of origin and for the receiv-
ing country, is structured based on two principles:

 O The child’s interests are paramount.
 O Above all, do no harm.

The starting point is the assessment of risk both in the 
receiving country and in the country of origin if repatriated. 
Risk depends on numerous factors, including the following:

 O the extent to which traffi cking is controlled by organised 
criminal groups

 O their known or estimated capacity to plan and imple-
ment reprisals against the victims and/or service delivery 
organisation staff

 O the capacity of the local law enforcement agencies
 O the extent of endemic corruption and how it adds to 

the level of risk.

It is critical that children have an appointed independent 
guardian who will act solely in their interest. Family mem-
bers, including parents, may well be responsible or collusive 
in the traffi cking, and drawing them in could greatly increase 
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the risk of serious harm, including death, or re- traffi cking. In 
some cultures it may be socially acceptable for the family 
to shun or even kill a girl for having brought disgrace on 
her family.

Traffi cked women may give birth to children within their 
repressive conditions. These children will be at very high risk 
of emotional abuse and neglect and early introduction into 
commercial sex. Babies are at risk of homicide.

Services provided for traffi cked children should refl ect 
the following needs (adapted from the IOM Report):

 O Approaches that demonstrate respect and promote 
participation (e.g. children being allowed to express 
their views in the language they speak best).

 O An understanding of the complex ways in which their 
past experience has harmed them. Children who are 
traffi cked are subjected to a persistently threatening 
and dangerous environment. In the face of this type 
of chronic abuse and stress, children and adolescents 
develop a personality that is suited for survival, but that is 
ill adapted to cope in normal non- threatening situations. 
Healthcare practitioners are responsible for employing 
health- promoting strategies, programmes and activities 
that recognise the child’s level of development and help 
children and adolescents to reclaim and further develop 
their competencies for an active and meaningful life. 
This involves addressing a range of needs, including 
nutritional, physical and psychological development 
and education needs. 

 O Tailoring services to meet the needs of each age 
group and in ways appropriate to the age and charac-
teristics of the child concerned, never merely following 
programmes designed for adults. They should be 
assessed and managed by professionals trained in 
child development. Medical assessments need to be 
child friendly and provided by people with expertise.

 O Implementing strategies aimed at mitigating the 
effects of past trauma and fostering healthier pat-
terns of development. One example of such strategies 
is stepwise early re- integration into education and into 
a peer group.

Rape as a weapon of war
The rape of adults and children of both sexes is a common 
phenomenon in confl ict zones. As long ago as 1949, Article 
29 of the Geneva Convention explicitly forbade degrading 
treatment, stating that ‘Women shall be protected against 
any attack on their honour – especially rape, enforced 
prostitution and indecent assault.’

Rape as a crime against humanity was fi rst prosecuted 
in the International Criminal Court in 2001 when three 
Bosnian Serbs were convicted of systematic sexual violence 
against Muslim women.

However, prosecution of these crimes by the relevant 
states has been negligible.

In Rwanda, the mass rapes of the Tutsi women and 
girls permanently destroyed the capacity to child bear for 
some, and forced others to bear children outside their ethnic 
group. Vast numbers of women and girls were rejected by 
their communities and became outcasts. Thousands of 
children witnessed the violence on their mothers and sisters.

As rape as a weapon of war demoralises and desta-
bilises entire communities, it weakens ethnic communities 
and ties, and affects populations with the exploitation of the 
reproductive rights and abilities of its victims. When rape is 

employed instead of a bullet, the weapon continues to wield 
its power beyond the primary victim. The battlefi eld may be 
the body, but the target is civil society. ‘Rape, as with all 
terror- warfare, is not exclusively an attack on the body – it 
is an attack on the “body- politic.” Its goal is not to maim 
or kill one person, but to control an entire socio- political 
process by crippling it. It is an attack directed equally against 
personal identity and cultural integrity.’ 

Thus in 1998, rape as an act of genocide was the 
decision of the International Criminal Tribunal for Rwanda. 
Despite these major precedents, prosecution of sexual 
crimes by the relevant states has been negligible. Rape 
has been a major feature of the war in South Sudan and 
in the Democratic Republic of Congo. Children as young 
as 5 years of age have been deliberately targeted. There is 
also strong anecdotal evidence that young soldiers barely 
in their teens have been ordered into gang rape to prove 
their ‘manhood’.

The provision of care for victims of mass sexual abuse 
at this level is a daunting task, and should involve major 
planning and resources. Emergency care for severe physical 
wounding in the course of the assaults is logistically diffi cult. 

Pratt and Werchick recommend expanding access 
through ‘mobile teams of rape specialists’ that could not 
only provide treatment themselves, but also transport medi-
cal supplies and transfer knowledge to any staff already on 
the ground. Medications, including emergency contracep-
tion, hepatitis vaccine, STD prophylaxis and antiretroviral 
drugs, need to be available. Such teams will need to have 
access to surgical facilities, especially when very young 
children are involved.

Gang rape, the use of instruments and other violence 
increases the risk of HIV/AIDS transmission signifi cantly; 
intercourse is accompanied by injuries and bleeding which 
increases the transmission of the virus compared with 
transmission during consensual sex. Internal vaginal and 
rectal injury can be very serious, and in the very young 
may be fatal.

According to Human Rights Watch, ‘children were 
reportedly forced to hold their mothers down while they 
were raped’. It is not diffi cult to see that a signifi cant range 
of service provision is required at several levels to deal with 
such traumatic damage in childhood.

Therapeutic services in isolation without intensive edu-
cational programmes and a whole- community approach are 
probably doomed to fail. Rape as a weapon of war activates 
cultural beliefs that result in the marginalisation of its vic-
tims, especially women and children, thus preventing those 
victims from receiving psychosocial support, and depriving 
them of income. Women and girls are considered to be 
damaged and ‘contaminated’. Wives may be denounced 
by their husbands, blamed for the rape, and regarded as 
‘married’ to their rapists. Thus communities see their raped 
women and children as enemies and place them outside 
their sphere of moral obligation. Some communities may 
demand that their wives and children leave their villages. 

Empowering young children and their mothers by pro-
viding education, and the teaching of new skills leading to 
longer- term economic stability, are also areas that need 
careful planning. Provision of safe housing and basic needs 
may be all that is possible in the immediate aftermath of 
sexual violence.
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Additional considerations when 
investigating fabricated and induced illness 
(FII)

 O The investigative process must involve early and con-
tinuing collaboration between all agencies, with detailed 
information sharing. Strategy planning meetings involv-
ing professionals from health, social services, police, 
education and legal departments can be very helpful.

 O Draw up a health chronology using all accessible 
sources of information.

 O Gather forensic or witness information.
 O A decision must be made by the multi- agency team as 

to whether it is necessary to separate the child from 
the suspected perpetrator by voluntary or legal means.

 O A decision must be made by the multi- agency team as 
to how and when to confront the parents.

 O Ensure the child’s safety throughout the investigative 
process.

 O Work within the country’s legal framework.

Medical aftercare following childhood 
maltreatment
It is important that these children are offered follow- up in 
order to:

 O monitor the child’s overall progress 
 O ensure healing of injuries

 O investigate and treat any acquired infection
 O facilitate access to psychological therapeutic support.

Healthcare workers involved in the hospital care of children 
who have been abused may be asked to provide a police 
statement and to attend court as a witness. 

Further reading
Child protection materials from the UK Royal College of 

Paediatrics and Child Health. www.rcpch.ac.uk/child-health/
standards-care/child-protection/child-protection

Pinheiro PS. World Report on Violence against Children. 
Geneva: United Nations, 2006; pp. 1–19. www.unicef.org/
lac/full_tex(3).pdf

Heise LL, Raikes A and Watts CH (1994) Violence against 
women: a neglected public health issue in less developed 
countries. Social Science and Medicine, 39, 1165–79.

Finkelhor DA (2008) A Sourcebook on Child Sexual Abuse. 
London: Sage Publications. 

International Organization for Migration (2007) The IOM 
Handbook on Direct Assistance for Victims of Traffi cking. 
Geneva: International Organization for Migration.

Clifford C (2008) Rape as a weapon of war and its long- term 
effects on victims and society. Seventh Global Conference 
on Violence and the Contexts of Hostility, 2008, Budapest. 
http://ts-si.org/fi les/BMJCliffordPaper.pdf

Pratt M and Werchick L (2004) Sexual Terrorism: rape as a 
weapon of war in Eastern Democratic Republic of Congo. 
http://pdf.usaid.gov/pdf_docs/PNADK346.pdf

Appendix
Examination under child protection procedures: suspected physical and/or sexual abuse

Patient details (circle correct information)

Name:

Date of birth................................

Age:

MALE/FEMALE

Address (prior to examination):

Date:

Time:

Place of examination:

Professionals involved in the assessment

Doctor’s or nurse’s name: Police offi cer’s name:

Social worker’s name:

School:

Why was this examination undertaken?
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Family and Social History
(including names, dates of birth, ages, occupations/schools, relationships)

History of any known medical problems

Examination
Persons present during examination

1.

2.

3.

4.

Examination of child

Age: Years: Months:

Height/percentile ………cm/………

Weight/percentile ………kg/………

Head circumference/percentile ………cm./………

General appearance of child (any obvious neglect):

Signifi cant comments made b y the child or the parent/carer (record as accurately as possible):

Developmental assessment (circle correct answers):

Delayed development Yes/No

If Yes Severe /Moderate /Mild

Level of puberty: Pre- pubertal/Post- pubertal

General examination (use body maps for any injuries)
(include inspection of oral frenum and palate and scalp)
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FIGURE 7.6.2 Diagram on which to mark signs of injury to the 
front of the body. Reproduced with permission from Southampton 
City Primary Care Trust.

FIGURE 7.6.3 Diagram on which to mark signs of injury to the 
back of the body. Reproduced with permission from Southampton 
City Primary Care Trust.

FIGURE 7.6.4 Diagram on which to mark signs of injury to 
the right side of the body. Reproduced with permission from 
Southampton City Primary Care Trust.

FIGURE 7.6.5 Diagram on which to mark signs of injury to the left 
side of the body. Reproduced with permission from Southampton 
City Primary Care Trust.
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FIGURE 7.6.6 Diagram on which to draw the shape and position 
of any lesion on the female genitalia or anus. Reproduced with 
permission from Southampton City Primary Care Trust.

FIGURE 7.6.7 Diagram on which to draw the shape and position 
of any lesion on the male genitalia or anus. Reproduced with 
permission from Southampton City Primary Care Trust.

FIGURE 7.6.8 The Jigsaw of Child Abuse. (From Hobbs CJ and Wynne JM (1990) The sexually abused battered child. Archives of 
Disease in Childhood 65: 423–427.) 
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Examination of female genitalia

Issue/area examined Details

External genitalia

Pubertal signs?

Labial separation or traction used?

Labial fusion?

Urethral opening

Labia minora 

Peri- hymenal tissues 

Posterior fourchette

Perineum 

Hymenal opening

Hymen 

Examination position

Examination of anus

Issue/area examined Details

Anal laxity/anal grip

Anal folds

Anal margin

Surrounding tissues

Examination position
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Examination of male genitalia

Issue/area examined Details

Frenulum

Urethral meatus/

Any discharge

Signs of genital injury?

Location

Testicular swelling?

Warts or skin disorders?

Examination position

Photographs taken of injuries
By whom: …………………………………………………
Of what: …………………………………………………

X- rays taken
Of what: …………………………………………………

Forensic samples collected
By whom: ………………………………………………… Handed to whom: …………………………………………………
List samples collected: …………………………………
………………………………… ………………………………… …………………………………
………………………………… ………………………………… …………………………………

Screening for STDs
Date of tests: ………………………………………………… Results and date:
Tests taken: ………………………………………………… …………………………………………………
 ………………………………………………… …………………………………………………
 ………………………………………………… …………………………………………………

Any other clinical investigation:

Summary and interpretation of signifi cant abnormal fi ndings:

Conclusions and doctor’s or senior nurse’s opinion:

Points discussed with social worker and parent/carer (and their opinion if applicable):
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Arrangements for health follow- up for child (including investigations):

Signature: ……………………………………………… Date: ………………………… 

Circulation list for report:

Social worker: …………………………………………………

Police: …………………………………………………

Head- teacher at school: …………………………………………………

Others (please specify): …………………………………………………

Name(s) of other children possibly at risk of abuse:

Surname First name Date of birth

Checklist after examination:
1 Have you been able to give a clear opinion on the case?
2 Have you considered alternative explanations for the 

fi ndings?
3 Does the social worker understand your fi ndings and 

opinion?
4 If the injuries are serious or indicate serious risk, have 

you considered the need for police involvement?
5 Are you happy with plans for the immediate safety of 

the child?
6 Are you in agreement with the proposed long- term 

management?
7 Is it important for you to attend the case conference? If 

so, make sure that the social worker knows this.
8 Have you recorded your discussions?
9 Have you written a care plan?



Section 8
Procedures in 
children and 

newborn infants
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8.1 Preparation for procedures

Practical procedures should fi rst be explained to the child 
(if they are old enough to understand this information) and 
the parents, any risks discussed with them and their con-
sent obtained. Procedures on young infants should avoid 
hypothermia. Good light is essential. Analgesia should 
be given where necessary, and invasive procedures only 
performed when essential.

Analgesia and sedation for procedures 
Some procedures have to be undertaken immediately, to 
save life, and many such procedures are described in this 
section. Clearly, there is no time to use analgesia in these 
circumstances, nor indeed much need to do so, as chil-
dren who are in such severe collapse will have signifi cantly 

depressed conscious levels. Where there is consciousness, 
analgesia and/or sedation is a top priority.

(For details on pain assessment and analgesia, see 
Section 1.15.)

For some procedures (e.g. chest tube insertion, dress-
ing of burns), analgesia with a powerful drug such as 
ketamine should be considered, with a skilled healthcare 
worker (usually an anaesthetist) present and able to treat 
any adverse reactions immediately (see Section 1.24).

For planned intubation, anaesthesia is induced fi rst 
(see Section 1.24). For some rarely used procedures such 
as defi brillation for cardiac arrest caused by a shockable 
rhythm (see Section 1.13), there is neither time nor need 
for sedation, as the patient is unconscious, whereas for 
defi brillation for an arrhythmia, sedation is necessary in 
most cases (see Section 5.4.C).

If ketamine is being used, give 2–4 mg/kg IM. This 
takes 5–10 minutes to act and the effects last for about 
20 minutes. Ketamine can also be given slowly IV in this 
situation, 250–500 microgram/kg IV, and repeated as 
required to control pain. An anaesthetist or other expert 
in airway control must be present when ketamine is used.

When giving any analgesia, manage the child’s airway, 
beware of respiratory depression and monitor oxygen 

FIGURE 8.1.1 Wrapping a child so that they can be held securely 
for a procedure. (a) and (b). One end of a folded sheet should be 
pulled through under the arms on both sides. (c) and (d). The other 
end is then brought across the front and wrapped round the child.

FIGURE 8.1.2 Holding a child for examination of the eyes, ears 
and throat.
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saturation with a pulse oximeter (if available). Ensure that you 
have a resuscitation bag and mask available (and oxygen). 

Restraining children for procedures
Restraint is important both for the child and for the clinician 
who is undertaking the procedure. Clearly, the procedure 
will be undertaken more quickly, safely and accurately if the 
child is kept still. However, to prevent a child with a chronic 
condition who will experience many such procedures 
being made fearful of further attempts, sedation should be 
strongly considered if facilities are available for this.

If facilities do not allow or if the procedure is unlikely to 
require repetition, physical restraint can be used. Ideally 
a parent or trusted friend or relative can actually hold the 

child. It is also very helpful to use distraction techniques 
such as singing a song, telling a story or using a glove pup-
pet. Blowing soap bubbles is a very useful distraction for 
children, and it costs very little to bend a piece of wire into 
a loop and make up some strong soap solution.

First explain to the child in an age- appropriate manner 
what is going to happen. Never say ‘This won’t hurt’ 
when you know it will. Always use local analgesia if at 
all possible (see Section 1.15). Explain why they are to be 
wrapped up (a ‘big cuddle’), what is to happen and what 
will happen afterwards. Give plenty of praise before, during 
and after the procedure.

Restraining a child for examination does not usually 
require wrapping, but it is wise to leave examination of 
the ears, nose and throat until the end of the examination.

8.2 Airway procedures

Oropharyngeal airway
For adjunct- free airway opening and airway positions, 
see Section 1.12.

The oropharyngeal or Guedel airway is used in the 
unconscious or obtunded patient to provide an open airway 
channel between the tongue and the posterior pharyngeal 
wall. In the conscious patient with an intact gag refl ex, it may 
not be tolerated and may induce vomiting. It is especially 
useful in the convulsing and post- ictal patient.

The oropharyngeal airway is available in a variety of 
sizes. A correctly sized airway when placed with its fl ange 
at the centre of the incisors, and then curved around the 
face, will reach the angle of the mandible. Too small an 
airway may be ineffective, and too large an airway may 
cause laryngospasm. Either may cause mucosal trauma 
or may worsen airway obstruction. Reassessment follow-
ing placement is therefore a vital part of safe insertion of 
an airway device. 

There are two methods for inserting the oropharyngeal 
airway in a child, depending on whether the child is small 
or large. However, there is no set age for switching from 
one to the other, as the choice of method depends on 
practicality and the skills of the operator. The important 
thing is not to push the tongue back, as that will obstruct 
the airway instead of keeping it open.

The twist technique is used for the larger child and in 
pregnancy, and means that the convex side of the airway 
is used to depress the tongue as the airway is pushed 
into the mouth. Insert the airway upside down until the 
tip has passed the soft palate, and then rotate it through 
180 degrees so that the natural curve of the Guedel airway 
follows the curve of the tongue and pharynx.

However, in the infant and small child, as the tongue is 
larger relative to the size of the mouth, the airway cannot 
be rotated in the mouth without causing trauma. Therefore 

FIGURE 8.2.1 Oropharyngeal airway, showing sizing technique 
(correct size is illustrated).

FIGURE 8.2.2 Oropharyngeal airway, showing position when 
inserted.
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the tongue is depressed with a spatula and not by the 
reversed airway.

Ensure that insertion of one of these devices results 
in improvement in the patient’s airway and breathing. It 
if does not improve the airway as shown by improved 
breathing, a reappraisal of the choice or size of airway 
is urgently required (see also Section 1.13).

Tracheal intubation
Aims
These are as follows:

 O to secure the airway
 O to protect the airway
 O to facilitate prolonged and intra- operative ventilation
 O for tracheo- bronchial toilet
 O in the application of high airway pressures and positive 

end- expiratory pressure (PEEP)
 O during cardiopulmonary resuscitation to improve ventila-

tion and allow uninterrupted chest compressions.

Choice of tube 
An uncuffed tube is often recommended in children who 
weigh less than 25 kg, as the larynx is narrowest below 
the glottis at the circular non- distensible cricoid ring, and 
inexperienced use of the cuffed tube may cause damage 
at that point, although the cuffed tube gives better airway 
protection. The choice ultimately depends on the experi-
ence of the practitioner (see also Section 1.13).

The correctly sized tube is one that passes easily 
through the glottis and subglottic area with a small air 

leak detectable at 20 cmH2O (sustained gentle positive 
pressure).

Size of tube 
The correct size of tube is:

 O one that can just fi t into the nostril or
 O in preterm neonates, 2.5–3.5 mm internal diameter or
 O in full- term neonates, 3.0–4.0 mm internal diameter or
 O in infants after the neonatal period, 3.5–4.5 mm internal 

diameter or
 O in children over 1 year:

 — the internal diameter (in mm) is age/4 + 4 
 — the length of tube (in cm) is age/2 plus 12 for an oral 
tube, and age/2 plus 15 for a nasal tube.

Aids to intubation
 O Laryngoscope: blade (straight for neonates and infants 

because of long, fl oppy epiglottis, curved for older chil-
dren), bulb and handle.

FIGURE 8.2.3 Oropharyngeal airway shown being inserted 
concave side up, then in place concave side down.

FIGURE 8.2.4 When inserting the airway without rotation, a tongue 
depressor can be helpful (not shown).

FIGURE 8.2.6 Curved- blade laryngoscope, suitable for children.

FIGURE 8.2.5 Straight- blade laryngoscope, suitable for infants.



839

Section 8.2

 O Magill’s forceps.
 O Introducer (not further than the end of the tube itself).
 O Syringe (cuffed tube).
 O Gum elastic bougie (over which the tube can pass).
 O Cricoid pressure (can aid visualisation of larynx).
 O Suction apparatus (this must be available).

Predicting diffi culty
 O Diffi culty in opening mouth.
 O Reduced neck mobility.
 O Laryngeal/pharyngeal lesions.
 O Congenital: Pierre- Robin syndrome, mucopolysac-

charidoses.
 O Acquired: burns, trauma.

If on viewing the infant’s face from the side, the chin is 
unusually small (micrognathia), the intubation will be diffi cult, 
and senior help is required (but see below).

Complications
 O Displacement: oesophageal, endobronchial, out of 

larynx!
 O Obstruction: kinking, secretions.
 O Trauma: lips to larynx.
 O Hypertensive response.
 O Spasm: laryngeal, pharyngeal.
 O Aspiration: gastric contents.

Procedure
Prepare and check the equipment.

 O Choose an appropriate tube size, with one size above 
and one size below it available.

 O Get the tape ready to fi x the tube.
 O Suction must be available.
 O Induce anaesthesia and give a muscle relaxant unless 

the patient is completely obtunded.
 O Do not attempt the procedure in a semi- conscious 

child.

Position the child. 
 O Children over 3–4 years of age: the ‘sniffi ng morning air’ 

position (head extended on the shoulders, and fl exed 
at the neck). 

 O Children under 3 years of age (especially neonates and 
infants): a neutral position (large occiput).

 O Keep the child in a neutral position with in- line immobili-
sation in the case of unstable cervical spine (e.g. trauma, 
Down’s syndrome).

Oxygenate the child using a face mask and reservoir 
(if patient is breathing) or bag and mask ventilation to 
provide high fl ow oxygen.

 O Introduce the laryngoscope into the right side of the 
mouth.

 O Sweep the tongue to the left.
 O Advance the blade until the epiglottis is seen.

 — Curved blade: advance the blade anterior to the 
epiglottis. Lift the epiglottis forward by moving the 
blade away from your own body.

 — Straight blade: advance the blade beneath the epi-
glottis, into the oesophagus. Pull back, and the glottis 
will ‘fl op’ into view.

Recognise the glottis.
 O Insert the endotracheal tube gently through the vocal 

cords.
 O Stop at a predetermined length.

Confi rm the correct placement.
 O The chest moves up and down with ventilation.
 O Listen to breath sounds in the axillae and anterior chest 

wall.
 O Confi rm that there are no breath sounds in the stomach.
 O Oxygen saturations do not go down.
 O Carbon dioxide is measured from expired gases.

Secure the tube.
Secure with tape around the tracheal tube and on to the 
patient’s face (see below).

Nasal intubation.
Although oral intubation is quicker and more reliable in an 
emergency, for prolonged ventilation nasal intubation is 
preferable, if a skilled operator is available, as the tracheal 
tube is more securely fi xed. The technique is similar, but with 
the additional use of the Magill’s forceps to grasp and guide 
the tracheal tube as it emerges into the posterior pharynx 
downward into the trachea through the vocal cords. 

Intubation of the newborn infant without a 
laryngoscope
It is possible to intubate a newborn baby using a fi nger 
rather than a laryngoscope. This can be very helpful if you 
do not have a functioning laryngoscope, or if the child 
has facial or oral deformities that interfere with your ability 
to insert a laryngoscope or to see the larynx (e.g. severe 
micrognathia).

Procedure
 O Insert the index fi nger of the left hand into the baby’s 

mouth, with its palmar surface sliding along the tongue. 
Use the little fi nger if the baby is small.

FIGURE 8.2.7 Finger intubation of the trachea in a newborn. (From 
Hancock PJ and Peterson G (1992) Finger intubation of the trachea 
in newborns. Pediatrics. 89: 325–7. Reproduced with permission.) 
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 O Slide the fi nger along the tongue until it meets the epi-
glottis. This feels like a small band running across the 
root of the tongue.

 O Slide the fi nger a little further until the tip lies behind and 
superior to the larynx and the nail touches the posterior 
pharyngeal wall.

 O Slide the tube into the mouth between the fi nger and 
the tongue until the tip lies in the midline at the root of 
the distal phalanx of the fi nger.

 O At this point place the left thumb on the baby’s neck just 
below the cricoid cartilage in order to grasp the larynx 
between the thumb on the outside and the fi ngertip on 
the inside.

 O While the thumb and fi nger steady the larynx against 
side- to- side motion, the right hand advances the tube 
a short distance (about 1–2 cm).

 O A slight ‘give’ can sometimes be felt as the tube passes 
into the larynx, but no force is needed for insertion.

 O When the tube is in the trachea the laryngeal cartilages 
can be felt to encircle it. If it has passed into the oesopha-
gus it can be felt between the fi nger and the larynx.

Fixation of endotracheal tubes
Two people should be available to do this, one of whom 
should hold the tube at all times.

 O Cut two strips of sticky zinc oxide tape (see below); 
they should reach from just in front of the ear across 
the cheek and above the upper lip to the opposite ear.

FIGURE 8.2.8 Tape for tracheal tube fi xation.

 O If available, apply some benzoin tincture to the cheeks, 
above the upper lip and under the chin, which will make 
the tape stick well.

 O Make sure that the endotracheal tube is clean and that 
no old tape is left on it.

 O Start with the broad end of the tape, and stick this on to 
the cheek. Then wrap one of the thinner ends carefully 
around the tube. It is useful if it is still possible to see 
the endotracheal tube marking at the lips.

 O Tape the other half across the philtrum to the cheek.
 O The second tape starts on the other cheek, and the 

thinner half is stuck across the chin, while the other half 
is also wrapped around the tube (see below).

FIGURE 8.2.9 Taped tracheal tube.

Cricothyroidotomy
Cricothyroidotomy is indicated if a patent airway cannot be 
achieved by other means. It must be performed promptly 
and decisively when necessary.

Call a surgeon and an anaesthetist (if available).
In children under the age of 12 years, needle crico-

thyroidotomy can be performed rather than a full surgical 
cricothyroidotomy. In adolescents, either technique can be 
used, but the surgical technique allows better protection of 
the airway. The relevant anatomy is shown in Figure 8.2.10.

FIGURE 8.2.10 Anatomy of the larynx.

In a very small baby, or if a foreign body is below the 
cricoid ring, direct tracheal puncture using the same tech-
nique can be used.

Needle cricothyroidotomy
This technique is simple in concept, but far from easy in 
practice. In an emergency situation the child may be strug-
gling, and attempts to breathe or swallow may result in the 
larynx moving up and down.

Procedure
 O Attach a cricothyroidotomy cannula- over- needle (or if 

this is not available, an IV cannula and needle) of appro-
priate size to a 5- mL syringe.

 O Place the patient in a supine position.
 O If there is no risk of cervical spine injury, extend the neck, 

perhaps with a sandbag under the shoulders.
 O Identify the cricothyroid membrane by palpation between 

the thyroid and cricoid cartilages.
 — Prepare the neck with antiseptic swabs.
 — Place your left hand on the neck to identify and sta-
bilise the cricothyroid membrane, and to protect the 
lateral vascular structures from needle injury.

FIGURE 8.2.11 Penetrating the cricothyroid membrane.
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 — Insert the needle and cannula through the cricothyroid 
membrane at a 45-degree angle caudally towards 
the feet, aspirating as the needle is advanced (see 
Figure 8.2.11).

 O When air is aspirated, advance the cannula over the 
needle, being careful not to damage the posterior tra-
cheal wall. Withdraw the needle.

 O Re- check that air can be aspirated from the cannula.
 O Attach the hub of the cannula to an oxygen fl ow meter 

via a Y- connector. Initially the oxygen fl ow rate (in litres) 
should be set at the child’s age (in years).

 O Ventilate by occluding the open end of the Y- connector 
with a thumb for 1 second, to direct gas into the lungs. 
If this does not cause the chest to rise, the oxygen fl ow 
rate should be increased by increments of 1 litre, and 
the effect of 1 second of occlusion of the Y- connector 
reassessed.

 O Allow passive exhalation (via the upper airway) by releas-
ing the thumb for 4 seconds.

 O Observe chest movement and auscultate breath sounds 
to confi rm that there is adequate ventilation.

 O Check the neck to exclude swelling from the injection of 
gas into the tissues rather than the trachea.

 O Secure the equipment to the patient’s neck.
 O Having completed emergency airway management, 

arrange to proceed to a more defi nitive airway proce-
dure, such as tracheotomy.

Note
There are two common misconceptions about transtra-
cheal insuffl ation. The fi rst is that it is possible to ventilate a 
patient via a needle cricothyroidotomy using a self- infl ating 
bag. The maximum pressure from a bag is approximately 
4.41 kPa (45 cmH2O) (the blow- off valve pressure), and 
this is insuffi cient to drive gas through a narrow cannula. 
In comparison, wall oxygen is provided at a pressure of 4 
atmospheres (approximately 392 kPa or 4000 cmH2O). The 
second misconception is that expiration can occur through 
the cannula, or through a separate cannula inserted through 
the cricothyroid membrane. This is not possible. The 
intratracheal pressure during expiration is usually less than 
2.9 kPa (30 cmH2O) (less than 1% of the driving pressure 
in inspiration). Expiration must occur via the upper airway, 
even in situations of partial upper airway obstruction. Should 
upper airway obstruction be complete, it is necessary to 
reduce the gas fl ow to 1–2 litres/minute. This provides some 
oxygenation but little ventilation.

Nevertheless, insuffl ation buys a few minutes in which 
to attempt a surgical airway.

Surgical cricothyroidotomy
1 Place the patient in a supine position.
2 If there is no risk of neck injury, consider extending the 

neck to improve access. Otherwise, maintain a neutral 
alignment.

3 Identify the cricothyroid membrane in the following man-
ner. Place your fi nger over the most prominent part of 
the thyroid cartilage (the Adam’s apple). Move the fi nger 
downwards (i.e. towards the chest), keeping strictly in 
the midline. The fi rst dip felt is the area of cricothyroid 
membrane.

4 Prepare the skin and, if the patient is conscious, infi ltrate 
with local anaesthetic.

5 Place the index and middle fi ngers of your left hand on 
each side of the midline of the neck to stabilise the cri-
cothyroid membrane, and to protect the lateral vascular 
structures from injury. 

6 Make a small vertical incision in the skin, and press 
the lateral edges of the incision outwards, to minimise 
bleeding.

7 Make a transverse incision through the cricothyroid 
membrane, being careful not to damage the cricoid 
cartilage.

8 Insert a tracheal spreader, or use the handle of the 
scalpel by inserting it through the incision and twisting 
it through 90 degrees to open the airway.

9 Insert an appropriately sized endotracheal or tracheos-
tomy tube. It is advisable to use a slightly smaller size 
than would have been used for an oral or nasal tube 
(e.g. size 6.0 mm internal diameter for age 12–16 years).

10 Ventilate the patient and check that this is effective.
11 Secure the tube to prevent dislodgement.

Complications of cricothyroidotomy
These include the following:

 O asphyxia
 O aspiration of blood or secretions
 O haemorrhage or haematoma
 O creation of a false passage into the tissues
 O surgical emphysema (subcutaneous or mediastinal)
 O pulmonary barotrauma
 O subglottic oedema or stenosis
 O oesophageal perforation
 O cellulitis.

8.3 Breathing procedures

Emergency needle thoracocentesis
This procedure is used for the rapidly deteriorating patient 
who has a life- threatening tension pneumothorax (see 
Section 7.3.A). If this technique is used in a patient who 

does not have a tension pneumothorax, there is a 10–20% 
risk of producing a pneumothorax or causing damage to 
the lung, or both. In such cases, immediate insertion of a 
chest drain is mandatory. Patients who have undergone 
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this procedure should ideally have a chest radiograph, 
and may require chest drainage if they subsequently 
need assisted ventilation.

Minimum equipment
 O Swabs for disinfecting the skin.
 O Large over- the- needle IV cannula (16- gauge, but 20-  to 

22- gauge in preterm infants).
 O 20- mL syringe.

Procedure (see Figure 8.3.1)

FIGURE 8.3.1 Position for inserting over- the- needle cannula for 
thoracocentesis.

1 Identify the second intercostal space in the mid- clavicular 
line on the side of the pneumothorax (the opposite side 
to the direction of tracheal deviation and the same side 
as the hyper- resonance).

2 Swab the chest wall with surgical preparation solution 
or an alcohol swab.

3 Attach the syringe to the over- the- needle IV cannula, 
ideally via a three- way tap.

4 Insert the cannula vertically into the chest wall, just above 
the rib below to avoid blood vessels, aspirating all the 
time. 

5 If air is aspirated, remove the needle, leaving the plastic 
cannula in place.

6 Tape the cannula in place and proceed to chest drain 
insertion as soon as possible.

Complications
These include the following:

 O local cellulitis
 O local haematoma
 O pleural infection 
 O empyema
 O pneumothorax.

Insertion of a chest drainage tube
In a trauma emergency that requires a chest drainage 
tube, fl uid resuscitation through at least one large calibre IV 
cannula, and monitoring of vital signs should be ongoing. 
Usually the patient will be receiving oxygen through a face 
mask with a reservoir. 

Chest drain placement should be performed using the 
open technique described here, as this minimises lung 
damage. In general, the largest size of drain that will pass 
between the ribs should be used.

Minimum equipment
 O Skin disinfectant and surgical drapes.
 O Scalpel with fi ne straight blade.
 O Blunt forceps.
 O Artery forceps.
 O Large clamps × 2.
 O Suture.
 O Local anaesthetic if the child is conscious.
 O Scissors.
 O Chest drain tube.
 O Underwater seal or Heimlich fl utter valve.

FIGURE 8.3.2 Sites for chest drain: 4th or 5th intercostal space in 
the anterior or mid- axillary line.

Procedure
 1 Consider using analgesia or sedation in a small or 

apprehensive child.
 2 Wash your hands and arms to the elbows, and wear 

a mask, surgical hat (bonnet), sterile gown and sterile 
surgical gloves.

 3 Prepare the underwater seal with an assistant and take 
the sterile end of the tube, ready to connect to the chest 
tube once inserted. The ‘seal’ end should be covered 
by no more than 1–2 cmH2O.

 4 Decide on the insertion site (usually the fourth or fi fth 
intercostal space in the anterior or mid- axillary line) on 
the side with the pneumothorax (see Figure 8.3.2).

 5 Swab the chest wall with surgical preparation or an 
alcohol swab.

 6 Use local anaesthetic if the child is conscious. Morphine 
(100 micrograms/kg IV over 10 minutes) should also 
be given if the child is conscious, but in the preterm 
infant who is not ventilated this may precipitate apnoea. 
Facilities to provide bag- and- mask ventilation and/or 
intubation should be immediately available, together 
with staff trained in their use.

 7 Make a 2-  to 3- cm skin incision along the line of the 
intercostal space, immediately above the rib below 
to avoid damage to the neurovascular bundle which 
lies under the inferior edge of each rib.

 8 Using artery forceps, bluntly dissect through the subcu-
taneous tissues just over the top of the rib below, and 
puncture the parietal pleura with the tip of the forceps.
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 9 Put a gloved fi nger into the incision and clear the path 
into the pleura. This will not be possible in infants or 
small children, in which case continue to use the artery 
forceps.

 10 Advance the chest drain tube (use the largest size 
that can comfortably pass between the ribs) into the 
pleural space without the trocar in place, but using the 
artery forceps to help to guide it into the pleural cavity 
if necessary. Pass about 3 cm and then connect to the 
underwater seal. Ideally advance the chest drain tube 
into the pleural space during expiration.

 11 Ensure that the tube is in the pleural space by looking 
for fogging of the tube during expiration.

 12 Ensure that all of the drainage holes of the chest drain 
tube are inside the chest.

 13 Connect the chest drain tube to an underwater seal. 
Check that the tube is in the right place by observing 
intermittent bubbling of the water in the drainage bottle.

 14 Secure the tube using a suture passed through the skin 
at the incision site (after ensuring that adequate local 
anaesthetic has been administered) and tied around 
the tube.

 15 Cover the puncture site in the chest wall with a sterile 
dressing, and tape the chest tube to the chest wall.

 16 Obtain a chest radiograph if at all possible.

If the chest drainage tube is satisfactorily positioned 
and working, occasional bubbles will pass through the 
underwater seal. The water level in the tube may also 
rise and fall slightly with the respiratory cycle. 

Complications of chest drainage tube 
insertion

 O Dislodgement of the chest drain tube from the chest wall 
or disconnection from the drainage bag.

 O Drainage bag elevated above the level of the chest, 
and fl uid fl owing into the chest cavity, unless there is a 
one- way valve system.

 O Chest drain tube kinking or blocking with blood clot.
 O Damage to the intercostal nerve, artery or vein. This 

might convert a pneumothorax to a haemopneumotho-
rax, or result in intercostal neuritis or neuralgia.

 O Damage to the internal thoracic artery if the puncture is 
too medial, resulting in haemopneumothorax.

 O Incorrect tube position, inside or outside the chest cavity.
 O Introduction of pleural infection (e.g. thoracic empyema).
 O Laceration or puncture of intrathoracic or abdominal 

organs. This can be prevented by using the finger 
technique before inserting the chest tube.

 O Leaking drainage bag.
 O Local cellulitis.
 O Local haematoma.
 O Mediastinal emphysema.
 O Persistent pneumothorax from a large primary defect; 

a second chest tube may be required.
 O Subcutaneous emphysema (usually at the tube inser-

tion site).

Tapping the chest for diagnostic tests 
in pleural effusions or empyema
Diagnostic procedure

 O Consider giving the child analgesia or light anaesthesia 
with ketamine.

 O Wash your hands and put on sterile gloves.
 O Lie the child on their back.
 O Clean the skin over the chest with an antiseptic solution 

(e.g. 70% alcohol).
 O Select a point in the mid- axillary line (at the side of the 

chest) just below the level of the nipple (fi fth intercostal 
space; see Figure 8.3.2).

 O Inject about 1 mL of 1% lignocaine into the skin and 
subcutaneous tissue at this point.

 O Insert a needle or needle- over- catheter through the 
skin and pleura, and aspirate to confi rm the presence 
of pleural fl uid. Withdraw a sample for microscopy and 
other tests and place it in a container.

 O If the fl uid is clear (straw- coloured or brownish), pull out 
the needle or catheter after withdrawing enough fl uid to 
relieve distress, and put a dressing over the puncture 
site. Consider a differential diagnosis of tuberculosis 
(see Section 6.1.N).

 O If the fl uid is thin pus or cloudy (like milk), leave the 
catheter in place so that you can draw out more pus 
several times a day. Make sure that you seal the end of 
the catheter so that no air can get in.

 O If the fl uid is thick pus which cannot pass easily through 
the needle or catheter, insert a chest tube as described 
above.

Non- invasive respiratory support (see 
Section 1.25)
Respiratory support is needed when the patient fails to 
sustain adequate ventilation despite treatment of the res-
piratory condition. Respiratory failure may result from any 
of the following:

 O respiratory illnesses
 O severe shock
 O coma
 O convulsions
 O meningo- encephalitis
 O neuromuscular disorders
 O raised intracranial pressure (e.g. from trauma).

Infants and young children are more likely to progress to 
respiratory failure because:

 O they are more susceptible to infection
 O their airways are smaller
 O their thoracic cage is more compliant
 O their ribs are (nearer) horizontal
 O their respiratory muscles are more prone to fatigue.

Women and girls who are pregnant are also more sus-
ceptible to respiratory failure. They have reduced immune 
function, an expanding abdominal mass which impairs lung 
expansion, and are more prone to gastro- oesophageal 
refl ux and aspiration of gastric contents.

As respiratory failure progresses, it will ultimately lead 
to cardiorespiratory arrest and death. Thus recognition of 
the severity of the conditions that lead to respiratory failure, 
followed by appropriate treatment, will reduce morbidity 
and mortality.

Signs that indicate the adequacy of breathing include 
the following:

 O intercostal, sub- costal and supra- sternal recession
 O respiratory rate
 O inspiratory and expiratory noises
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 O use of accessory muscles
 O adequacy of breath sounds and chest expansion
 O heart rate
 O skin colour
 O mental status.

To help to assess the development of respiratory failure, it is 
necessary to assess changes in the above clinical signs. In 
the following situations, however, these signs are less useful 
because there is absent or decreased effort of breathing:
1 with fatigue or exhaustion (e.g. after prolonged respira-

tory effort)
2 with loss of cerebral drive from raised intracranial pres-

sure, poisoning or encephalopathy
3 in children with neuromuscular disease.

In these cases, pay more attention to the chest expan-
sion, heart rate, skin colour, mental status and, if 
available, SaO2 measurement.

Pulse oximetry is of additional value to measure the 
arterial oxygen saturation through the skin (SpO2 or SaO2). 
Values of SpO2 of less than 92–94% in air (at sea level; 
see Section 1.13 for values at high altitude) are abnormal, 
and would warrant at least initial treatment with additional 
inspired oxygen. Values of less than 95% when the child 
is in oxygen are low, but even values of more than 95% 
in oxygen may be associated with signifi cant hypoventila-
tion. It is essential to remember that, in respiratory failure, 
normal SaO2 while receiving additional inspired oxygen is 
likely to be associated with signifi cant hypoventilation or 
intra- pulmonary shunting. Measurement of transcutaneous, 
end- expired or blood carbon dioxide levels will confi rm this.

TABLE 8.3.1 Modes of respiratory support for different conditions

Mode of support Interface with 
patient

Level of 
nursing care

Associated 
medical treatment

Clinical use Examples of 
conditions treated

High- fl ow high- 
humidity oxygen

Nasal cannulae Home, ward, 
HD

Nil To provide a fl ow above the 
patient’s needs, that helps 
to wash out dead space, 
and improves comfort and 
clearance of the airways. It 
may provide mild CPAP

Bronchiolitis, post- 
operative, chronic lung 
disease of prematurity

Continuous 
positive airways 
pressure

(CPAP)

Nasal cannulae or 
nasopharyngeal 
tube

High 
dependency 
(HD)

Sedation or 
analgesia may be 
needed

To keep upper and lower 
airways patent and 
maintain adequate lung 
volume (oxygenation)

Neonatal respiratory 
distress syndrome, 
bronchiolitis

Nasal mask or 
face mask

Home, ward, 
HD

Nil Sleep- related upper 
airway obstruction

Intensive care 
(IC)

Sedation or 
analgesia may be 
needed

Acute upper airway 
obstruction before, 
instead of or after 
extubation

Intermittent 
positive pressure 
ventilation (IPPV)

Nasal mask or 
pillows, face mask

(NIPPV)

Home to IC Nil To treat hypoventilation 
(raised CO2) when airway 
control and clearance are 
adequate

Chronic (e.g. central, 
neuromuscular)

Acute (e.g. after 
surgery)

Endotracheal tube IC Anaesthesia for 
intubation

Sedation or 
analgesia will be 
needed

To treat hypoventilation 
when clearance and/or 
support of airway(s), or 
close control of ventilation 
needed

Procedures or surgery 
requiring anaesthesia

Severe respiratory 
illnesses, raised 
intracranial pressure

Tracheostomy Home to IC ENT surgical 
procedure

Long term ventilation 
where day and night 
support needed

Brainstem/high spinal 
injury or neuromuscular 
disease 

Continuous 
negative 
extrathoracic 
pressure (CNEP)

Chamber or jacket Home to IC Nil To keep lower airways 
patent and maintain 
adequate lung volume

Bronchiolitis and other 
severe lower respiratory 
infections, especially 
where the nose is 
blocked by secretions

Intermittent 
negative pressure 
ventilation (INEP 
or INPV)

To treat hypoventilation 
where airway control and 
clearance are adequate or 
maintained by CPAP

Central hypoventilation 
(e.g. apnoea 
of prematurity, 
neuromuscular disease)

Shaded areas denote those that require a lower dependency of care (e.g. that have been used in the home setting), but may be useful 
in acute conditions.

Bold type denotes high- risk situations in which CPAP may be ineffective and intubation may be required.
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When respiratory fatigue is severe, oxygenation is poor 
or deteriorating, or carbon dioxide levels are raised, respira-
tory support should be used, if available. The various forms 
of respiratory support are outlined in Table 8.3.1, along with 
their indications.

Notes on the use of positive pressure 
ventilation
 1 Monitoring of patient status and airway or mask pres-

sures is necessary when undertaking any form of 
respiratory support (see below).

 2 Positive airway pressure involves a fl ow of air or other 
gas mixture to the patient’s airways. This fl ow may be 
continuous (as in CPAP) or intermittent (as in IPPV). It 
may vary with inspiration and expiration (as in BiPAP), 
or to accommodate the leaks or variable compliance 
of ventilator tubing, airways or lung units.

 3 Mask ventilation can be well tolerated by children, but 
it may be more diffi cult for infants and young children 
to tolerate appliances on their face.

 4 In the presence of excess airway secretions or an open 
mouth, nasal masks and nasal cannulae may not pro-
duce as effective airway pressures as ventilation with 
tracheal intubation (or relatively higher pressures may 
be needed for the same effect).

 5 The pressures used with masks and cannulae may 
be higher than those used with tracheal intubation, 
because of the greater potential for air leaks and other 
volume loss in compliant upper airway structures.

 6 Infants and young children will sometimes tolerate 
masks and cannulae only with the use of sedation, in 
which case close monitoring of respiratory failure must 
be undertaken in case full intubation and ventilation is 
needed.

 7 Endotracheal intubation should be undertaken with 
rapid sequence drug or gaseous induction, and sub-
sequent analgesia, anxiolysis and sedation should be 
provided.

 8 Positive pressure ventilation administered through an 
endotracheal tube must be accompanied by adequate 
humidity of the inspired gases.

 9 Oxygen may be administered either using a built- in 
mixer in the ventilator, or by entraining a supply in the 
ventilator tubing nearer to the patient.

 10 Positive pressure ventilators should be able to pro-
vide manipulation of either the pressure or volume 
administered, and the time intervals for inspiration 
and expiration. There should be alarms for failure 
to cycle, and for excessive pressure and/or volume 
administered.

Continuous positive airway pressure (CPAP) 
CPAP has several effects on the airway and lungs of the 
preterm and full- term infant. These include prevention of 
alveolar collapse, increased functional residual capacity 
(FRC), and splinting of the airway. It is therefore of most 
value when used early in the course of respiratory disease 
(i.e. before too much alveolar collapse has taken place). 
Several units around the world use it successfully as fi rst- line 
ventilatory support in even the smallest infants (< 750 grams 
birth weight).

Indications for CPAP
These include the following:

 O signs of signifi cant respiratory distress (tachypnoea, 
recession, grunting, nasal fl are)

 O diseases with low FRC (respiratory distress syndrome, 
transient tachypnoea of the newborn, pulmonary 
oedema)

 O meconium aspiration syndrome
 O apnoea and bradycardia of prematurity
 O tracheomalacia.

Requirements 
 O Low- resistance delivery system.
 O Large- bore tubing.
 O Short wide connection to patient.
 O Consistent and reliable pressure generation.
 O Appropriate snug- fi tting nasal cannulae.
 O Well- positioned and secured nasal cannulae.
 O Prevention of leaks, mainly via the mouth, with a 

chinstrap.
 O Optimally maintained airway.
 O Ideally warmed humidifi ed gas.
 O Prevention of neck flexion or over- extension with a 

neck roll.
 O Regular suction to remove secretions.
 O Meticulous and consistent technique.

Monitoring
 O Continuous heart and respiratory rate monitoring.
 O Continuous pulse oximetry, ideally pre- ductal.
 O Blood gas measurements. These need not be done 

regularly in the stable baby with low oxygen needs 
unless they are required in order to assess the degree 
of metabolic acidosis, but in those with high oxygen 
requirements (FiO2 > 40%) or in the unstable baby they 
should be checked regularly via an arterial line.

Complications
 O Nasal septum erosion/necrosis: this is a result of 

ill- fi tting nasal cannulae, and can be avoided by the 
fi tting of snug, but not tight, cannulae (blanching of the 
overlying skin suggests that the cannulae are too large) 
which are held fi rmly in place to prevent rubbing as the 
child moves.

 O Pneumothorax: all methods of artificial ventilation 
are associated with this problem. However, the more 
effective the CPAP is the less the work of breathing 
and therefore the lower the risk of pneumothoraces 
should be. Any pneumothorax that does occur should 
be drained appropriately. It is inappropriate to discon-
tinue the CPAP.

 O Gastric distension from swallowed air: this is impor-
tant and is easily overcome by the venting of any such 
air via an open orogastric tube.
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Insertion and securing of nasal cannulae and administration of CPAP

FIGURE 8.3.3 Securing nasal cannulae for giving continuous positive airway pressure (CPAP) in a baby. A special bonnet is used from 
which tapes hold the pipe carrying the air/oxygen mixture to the nasal cannulae to the forehead and a separate tape above the mouth to 
ensure the cannulae do not come out of the nasal passages..

FIGURE 8.3.4 Simplifi ed diagram of Hudson continuous 
positive airway pressure (CPAP). The gas fl ow is adjusted until a 
continuous trail of bubbles starts to appear in the water bottle, 
which is at the same height as the baby. This generates a CPAP of 
+5 cmH2O.

Continuous negative extra- thoracic 
pressure 
Continuous negative extra- thoracic pressure (CNEP) is a 
method by which sub- atmospheric pressure is applied to 
the outside of a child’s chest by nursing them in a specially 
designed chamber. The patient’s head is kept outside the 
chamber, thereby allowing the nose, mouth and all the air-
ways into the lungs to remain at atmospheric pressure. As 
a result of this pressure difference, the chest is expanded 
and air is encouraged to enter the lungs. Areas of lung that 
were previously poorly infl ated may be expanded, and this 
allows more chance for recovery from the lung disease.

The use of CNEP depends upon continued breathing 
efforts by the child to move air into and out of the lungs. 

When the child is inside the chamber, the breathing rate 
falls, the effort of breathing is reduced, and thus less energy 
is needed for breathing.

Indications
 O Respiratory failure due to lung problems:

 — bronchiolitis
 — other causes of acute respiratory infection where 
the nasal airway is blocked and nasal CPAP is not 
possible.

 O Respiratory failure due to weakness of respiratory 
muscles:

 — poliomyelitis.

Advantages
The absence of airway invasion:

 O avoids trauma to the airways
 O reduces the need for suctioning
 O lowers the risk of introducing infection into the lungs
 O is more comfortable for the patient, so there is less 

need for sedation.

Less complex equipment: 
 O can be managed on a general ward or at home
 O is not diffi cult for healthcare workers and parents to 

learn how to use
 O means that there is less utilisation of intensive care 

resources
 O is quick to institute, not requiring medical or anaesthetic 

staff.

Physiological (compared with positive pressure) ventilation:
 O does not increase pulmonary vascular resistance
 O is less likely to signifi cantly reduce cardiac output
 O enhances lung perfusion, as well as ventilation.

Disadvantages 
Negative pressure generated in the upper airway on 
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inspiration may be increased, thus exacerbating pre- 
existing upper airway obstruction.

Respiratory support may need to be interrupted for 
short periods.

 O This means it is less suitable where the need for support 
to ventilation is critical and continuous

 O It is also not suitable if the patient’s own ventilatory efforts 
are inadequate to remove carbon dioxide.

Maintenance of body temperature in newborn infants may 
require specifi c attention.

Components of negative pressure system 

FIGURE 8.3.5 Negative pressure system.

The chamber
For low- birth- weight infants the chamber is built on to an 
incubator base incorporating a cabinet and heater, the lat-
ter providing servo- controlled circulation of hot air into the 
interior of the chamber. Particular features of the chamber 
shown in Figure 8.3.5 include the following:
 1 release for the head section
 2 rods upon which the head section slides out away from 

the chamber base
 3 headbox
 4 latex rubber neck seal fi xed on to the arch of the lid
 5 gas strut hinges
 6 foam gasket or cuff on the porthole
 7 porthole for infusions, monitoring leads, etc.
 8 footplate to support the infant when the chamber is 

tilted up
 9 compressible rubber strips below which leads, etc. can 

enter the chamber
 10 tubing to the pressure monitor.

The neck seal
This is a piece of latex rubber with a circular hole 2–5 cm in 
diameter, situated near the bottom end. This is fi tted around 
the infant’s neck overlying the neck protector.

The neck protector
This is a piece of two or four thicknesses of ribbed cotton 
tubular stockinet. Two holes cut in the sides allow this to 
be fi tted like a polo- necked vest over the infant.

The suction unit
This incorporates an electrical fan with a valve which 
provides variable levels of continuous suction. The valve 
is adjustable by a pressure control knob. A suction hose 
connects from the suction unit to the base of the chamber.

The pressure monitor
This can be a simple calibrated U- tube containing coloured 

alcohol or other fl uid, or a more sophisticated pressure 
monitor.

Safety
1 Special care must be taken not to trap the fi ngers or 

toes when closing the lid.
2 To avoid damaging the monitor leads, these must pass 

either (1) through the diaphragm at the base of the 
chamber, or (2) between a rubber strip at the foot end 
of the chamber and a second rubber strip on the lower 
edge of the lid. The monitor leads will be damaged and 
pressure lost if they are brought out through the sides 
of the chamber between the unprotected Perspex edge 
of the lid and the rubber seal on the base.

Care of infants who are receiving CNEP
Feeding
While receiving negative pressure, the patient would not 
usually be fed orally. Feeds should be given via a nasogas-
tric tube, and this tube should be clamped off when not in 
use. Do not leave the tube open to air or the stomach may 
become distended. 

If the baby develops problems with abdominal disten-
sion, the stomach should not be left on free drainage in the 
conventional way. Either frequent aspiration of the stomach 
contents should be performed, with the tube clamped off 
in the intervening time, or the end of the tube can be put 
through the neck seal (in between the silicone gel and the 
vest) and the tube left on free drainage inside the chamber.

If the baby’s clinical condition allows this, they may be 
taken out of the chamber at regular intervals for breastfeed-
ing or cup feeds.

Procedures
Most procedures, such as re- siting of an IV line, can be 
performed while the infant is receiving negative pressure. 

FIGURE 8.3.6 (a) Neck seal. (b) Neck protector. The neck seal is 
a piece of stretchy latex rubber with a circular hole 2–5 cm in 
diameter, which is stretched and fi tted around the infant’s neck, 
overlying the neck protector.
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When the arms are inserted through the portholes, sub- 
atmospheric pressure can be maintained by the close- fi tting 
cuffs around the forearms. 

Excessive body movement may occur during sudden 
loss of negative pressure when the porthole is opened or 
the arm removed from the cuff. This may be quite disrup-
tive to the baby. Therefore it is preferable to minimise the 
number of times this occurs by taking into the chamber 
all the items which are needed for the procedure. When 
the cuffs or gaskets become soiled or torn, they must be 
replaced immediately.

Neck care
Pay particular attention to the patient’s neck, observing it 
for soreness frequently, at 6-  to 8- hourly intervals if pos-
sible when the patient is turned. It is important to ensure 
that all the layers of the neck seal are in place and that 
the latex does not come into contact with the baby’s skin. 
It is not necessary to replace the neck seal components 
unless they are soiled or damaged. If they are in place for 
a prolonged period, especially in the case of a newborn 
preterm baby whose skin may scale and shed, it is prob-
ably better to wash and dry the neck at regular intervals 
when the clinical condition allows, preventing colonisation 
by skin commensal bacteria.

It is also important to frequently check the neck to 
ensure that the latex does not become too tight if the baby 
becomes oedematous. If this happens it is important to 
replace the latex with a larger size.

Controlling body temperature
The important principle to follow in the control of body 
temperature of babies who are receiving negative pressure 
is the prevention of hypothermia, rather than its treatment. 
Due to convective and radiant heat loss the baby is much 
more likely to cool rapidly and be more diffi cult to warm up 
than in the conventional incubators.

Plastic sheeting or bubble wrap may be placed over the 
infant’s body to create a ‘micro- environment’.

An overhead radiant heater may be used as an addi-
tional heat source over the headbox or chamber.

Management of problems that may arise
Inadequate pressure

 O Excess leak at neck:
 — Slacken the latex into the arch in the lid. 
 — Move the baby upwards.
 — Reposition the latex.
 — Double the thickness of stockinet collar under the 
latex.

 — Use latex with a smaller hole (if a large leak is present). 
 O Excess leak between chamber and base of chamber:

 — Tighten the quick- release lid and base catches.
 — Replace the rubber strip gasket around the chamber 
base.

 O Excess leak at the portholes:
 — Renew the cuffs or foam gaskets.
 — Tighten or secure the iris diaphragm porthole. 

 O Inadequate suction pressure:
 — Check that the hose is plugged in at both ends.
 — Check that the access hole for suction inside the 
chamber is not blocked (e.g. by the sheet).

 — Check the pressure achieved by the suction unit after 
directly occluding the hose at the end.

Unsettled baby
 O Baby breathing too hard:

 — There may be an inadequate negative pressure.
 — Check for upper airway obstruction.
 — Check for stridor, tracheal tug and carbon dioxide 
retention. 

 — A different method of respiratory support may be 
needed.

 O Anxiety:
 — Give reassurance and/or sedation to make the baby 
comfortable.

 O Sore neck:
 — Check the neck and treat sore areas to relieve 
discomfort.

Abdominal distension
 O Air swallowing:

 — Close the nasogastric tube.
 — Undertake more frequent suction or free drainage 
inside the chamber.

Cold baby
 O Excess leak: 

 — See the section on ‘Inadequate pressure’.
 O Cold environment:

 — Provide an overhead heater.
 — Humidify the chamber.
 — See the guidelines on temperature.

Problem: neck soreness
 O Pressure or contact allergy:

 — Ensure that at the neck seal there is at least a fourfold 
thickness of stockinet between the latex and the skin.

 — If the latex is stretched too tightly, the baby may 
be suspended at the neck. Release and pleat it as 
described above.

 — The hole in the latex may be too small, so revise it 
if necessary.

Inadequate oxygen in the headbox
 O Excess leak at the neck:

 — See the section on ‘Inadequate pressure’.
 O Inadequate oxygen:

 — Seal the top and sides of the headbox (e.g. with 
cling fi lm).

 — Adjust the fl ow and/or concentration.
 — Two supplies of high- fl ow humidifi ed 100% oxygen 
may be needed to provide a high concentration in 
the headbox.

Physiotherapy for suppurative lung 
diseases
Therapy for bronchiectasis, cystic fi brosis and other con-
ditions with excess airway secretions is described here.

Postural drainage
This is positioning to allow drainage by gravity from lung 
segments to central airways.

For infants, use a maximum of fi ve positions in 10 min-
utes, progressing in older children to two to three positions 
in up to 30 minutes.
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FIGURE 8.3.7 Positions for postural drainage.
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Upper lobe
 O Apical segments: sitting (1).
 O Posterior segments: prone, one pillow below the 

affected side (2).
 O Anterior segment: supine (3).

Middle lobe/lingual
 O Chest tipped 15 degrees below the horizontal, lying 

supine, with a pillow supporting the ipsilateral hip and 
shoulder (4).

Lower lobe
 O Apical segments: prone (5).
 O Anterior basal: chest tipped 20 degrees below the 

horizontal, lying supine (6).
 O Lateral basal: chest tipped 20 degrees below the hori-

zontal, lying on the unaffected side (7).
 O Posterior basal: chest tipped 20 degrees below the 

horizontal, lying on the unaffected side (8).

Figure 8.3.7 shows all of these positions in sequence.

Equipment
Carer’s lap (in the case of an infant), otherwise bean bags, 
pillows or a tilted bed.

Adjuncts to postural drainage
The following may be combined with postural drainage:

 O chest clapping: done over the area to be cleared with 
a cupped hand

 O chest shaking: fi ne manual shaking in line with rib 
motion during the expiratory phase of breathing

 O active cycle of breathing: relaxed tidal breathing, four 
deep breaths to maximal inspiration with hold, and 
relaxed expiration. Huff – that is, forced expiration at mid 

to low lung volumes with the glottis open (as if misting 
glass), cough to clear secretions, and repeat the cycle 
until the chest is clear. 

Note where bronchoconstriction is an issue:
1 Increase the amount of time spent doing tidal volume 

breathing. 
2 Omit percussion.
3 Increase tidal volume breathing and omit percussion.

Consider the use of inhaled bronchodilators (e.g. salbuta-
mol 200–500 micrograms inhaled through a spacer) (see 
Section 5.2.B).

Relative contraindications
These include the following:

 O raised intracranial pressure
 O severe hypertension
 O after abdominal surgery
 O after major haemoptysis
 O pulmonary oedema
 O surgical emphysema
 O after treatment of tension pneumothorax
 O cardiac arrhythmias
 O gastro- oesophageal reflux (only omit postures with 

upper body dependent).

Patient positioning
 O To maximise ventilation–perfusion matching (e.g. in 

pneumonia, asthma, pneumothorax) in self- ventilating 
patients, position with the better ventilated lung 
uppermost.

 O In severely breathless patients, use sitting with a forward 
lean, or the recovery position. Use pillows to raise and 
support the chest if the patient cannot tolerate lying fl at.

8.4 Circulatory procedures

Access to and support for the circulation is vital in emer-
gency care, to draw blood samples for diagnosis and 
monitoring, to infuse fl uid to restore circulating volume and 
improve perfusion, to transfuse blood and to give treatment 
drugs. This section describes and illustrates many means 
of access to the circulation, and includes guidance on safe 
drug and fl uid infusion.

Also included are circulatory support procedures such 
as defi brillation and pericardiocentesis, and techniques for 
other non- parenteral routes of drug administration, includ-
ing intramuscular (IM), subcutaneous (SC) and intradermal 
(ID) injections.

8.4.A Minimising error in drug and fl uid administration: giving 
injections

General points on safety
The information given below is adapted from the Neonatal 
Formulary, 11th edition (BMJ Books).

 1 Drug vials once reconstituted do not contain preserva-
tives or antiseptic. Therefore multiple sampling from 
them is potentially hazardous.



851

Section 8.4

 2 For infants, dilute drugs to ensure that volumes can be 
accurately measured. For example, do not use doses 
of less than 0.1 mL for a 1- mL syringe.

 3 Serious errors can occur if the dead space in the hub of 
the syringe is overlooked during dilution. For example, if 
the active drug is drawn into a 1- mL syringe up to the 
0.1- mL mark, the syringe will contain between 0.19 and 
0.23 mL. If the syringe is then fi lled with diluent to 1 mL, 
the syringe will contain approximately twice as much 
drug as was intended. Dilution must involve fi rst half 
fi lling the syringe with diluent and then adding active 
drug by using the distance between two graduations 
on the syringe. Mix the two by moving the plunger, 
and then fi nally add further diluent to the total planned 
volume of active drug and diluent. For dilutions of more 
than 10- fold, use a small syringe to inject the active 
drug, connected by a sterile three- way tap to a larger 
syringe. Then add diluent to the large syringe to obtain 
the desired volume.

 4 Many drugs are equally effective whether given orally 
or parenterally. Oral administration is safer and less 
expensive. The following antibiotics are as effective 
given orally as given IV in a baby who is taking feeds: 
amoxicillin, ampicillin, chloramphenicol, ciprofl oxacin, 
co- trimoxazole, erythromycin, fl ucloxacillin, fl uconazole, 
isoniazid, metronidazole, pyrimethamine, rifampicin, 
sodium fusidate, and trimethoprim.

 5 If a drug is given down an orogastric or nasogastric 
tube, a proportion of the drug will remain in the tube 
unless it is fl ushed through.

 6 Rectally administered drugs are less reliably absorbed 
than drugs given orally. Liquid formulations are better 
than suppositories in infants.

 7 When giving IV drugs, do so slowly in all cases. After it 
has been injected into the line (ideally through a three- 
way tap), the normal IV infusion rate of the fl uid going 
into the cannula can be used to drive the drug slowly 
into the patient. 

 O If there is no background infusion, give suffi cient 
follow- up (fl ush) of fl uid (0.9% saline, sterile water 
or 5% glucose) to ensure that the drug does not 
remain in the cannula or T- piece. Give the fl ush 
over 2 minutes to avoid a sudden surge of drug 
(remember the hub). 

 O If the IV drug needs to be given rapidly (e.g. adeno-
sine), do this by administering a 2- mL bolus of 
0.9% saline via a second syringe, not by temporarily 
increasing the infusion rate (sometimes the tempo-
rary increase becomes prolonged and dangerous).

 8 Do not mix incompatible fl uids IV.
 9 For IV drug infusions (using a syringe/infusion pump: if 

available) given in addition to background IV infusions: 
 O Adjust the total 24- hour IV fl uid intake.
 O Never allow a surge of a vasoactive drug such as 

dopamine or epinephrine.
 O Never put more drug or background IV into the 

syringe or burette than is needed over a defi ned 
period of time.

 O Check and chart the rate of infusion, and confi rm 
this by examining the amount left every hour.

 10 Intramuscular injections need special precautions:
 O IM injections are unsafe in shock, as they will be 

poorly absorbed from poorly perfused muscle tis-
sue initially, and then (especially, for example, with 

opiates) a high dose may be released once recovery 
of the circulation occurs.

 O To avoid nerve damage, only the anterior aspect of 
the quadriceps muscle in the thigh is safe in a small 
wasted infant under 1 year of age.

 O Alternate between the legs if multiple injections are 
required.

 O Do not give IM injections if a severe bleeding ten-
dency is present.

 O It is essential to draw back the plunger to ensure that 
the needle is not in a vein before injecting potentially 
dangerous drugs IM (e.g. adrenaline, magnesium 
sulphate, lidocaine).

Care of intravascular lines
1 Placement of central venous lines: check with a lateral 

X- ray that the line is placed well into a major vein, and if 
near the heart with the catheter tip ideally in the superior 
vena cava at the entrance to the right atrium.

2 Placement of an umbilical arterial line should either be 
above the diaphragm in the thoracic aorta, or below the 
two renal arteries (at L4) to minimise the risk of renal or 
mesenteric artery thrombosis.

3 All arterial lines can result in life- threatening haemor-
rhage or occlusion leading to ischaemia. Procedures to 
ensure that these complications do not occur should be 
in place.

4 Never give a drug into an IV cannula that has started 
to tissue. Some drugs (e.g. those containing calcium) 
can cause severe scarring. Inspect the cannula tip site 
before and while injecting any drug IV.

5 Local infection can become systemic, especially in 
neonates or in the immunosuppressed. 

 O Always remove the cannula if there is erythema in 
tissue around it and if lymphangitis is seen. If lym-
phangitis is present always take a blood culture from 
a separate vein and start IV or IM antibiotics. 

 O Always place cannulae aseptically and keep the 
site clean. 

 O There is no evidence that frequent changes of can-
nula site or infusion kit are of benefi t. However, it is 
a good idea to change the giving set after blood 
transfusion or if a line of blood has entered the infu-
sion tubing from the vein and clotted there, as this 
can act as a site for bacterial colonisation. Otherwise 
change the lines every 3 or 4 days.

6 Air embolism: if air reaches the heart, unlike blood it will 
stay there, especially if the patient is lying fl at. 

 O Unless it is immediately aspirated, air in the heart can 
block the circulation. 

 O Umbilical venous and other central venous lines 
are particularly dangerous. There must be a tap or 
syringe on the catheter at all times, especially dur-
ing insertion. 

 O An alternative source of air embolus is through the 
giving set, especially when pumps are being used.

7 Blood loss. 
 O In neonates this can occur from the umbilical stump. 
 O From central venous or arterial lines, it can rapidly 

be fatal, and therefore all connections must be Luer 
locked and the connections to the cannula and its 
entry must be observable at all times. 
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 O Ideally, arterial lines should be connected to a pres-
sure transducer and alarm.

Use of intravenous/intra- arterial (IV/IA) 
access
 1 When sampling from an IV/IA line, clear the dead space 

fi rst (by three times its volume).
 O Blood glucose levels cannot be accurately meas-

ured from any line through which a glucose solution 
is infused, even if many times the dead space has 
been cleared.

 O For blood culture, always use a separate fresh 
venous ‘needle stab’ sample.

 2 Never add anything to a line carrying total parenteral 
nutrition (TPN).

 3 Certain infusions, such as glucose > 10%, adrenaline 
and dopamine, are better given through a central vein. 
In an emergency, dopamine and adrenaline infu-
sions can be given through a peripheral vein.

 4 If a continuous infusion is not required, a peripheral 
cannula can be stopped off with a sterile bung after 
fl ushing the drug in with 0.9% saline, sterile water or 5% 
glucose to clear the dead space (there is no evidence 
that a heparin lock is needed for a cannula in peripheral 
veins).

 5 Central venous catheters must be fi rmly anchored to 
the skin so they do not migrate into or out of position. 

 O After individual drug injections and without con-
tinuous infusion, a heparin lock is appropriate to 
prevent clotting of the line (10 units of heparin per 
1 mL of 0.9% saline), particularly in double- , triple-  or 
quadruple- lumen catheters (always use Luer lock 
connections to minimise extravasation).

 6 Peripheral artery lines should never be used for giving 
drugs. 

 O To maintain patency, a continuous low- rate (0.5–
1.0 mL/hour) infusion of heparinised 0.9% or 0.18% 
saline is useful (heparin at 1 unit/mL). Clear the 
1- mL dead space of the catheter before and after 
sampling, which must be done aseptically.

 7 In neonates and infants, frequent fl ushing with saline 
0.9% can result in sodium overload. Therefore consider 
using 0.18% saline or sterile water to achieve fl ushing.

 8 Central arterial lines (usually in the aorta) can be safely 
used to give glucose or total parenteral nutrition if the 
catheter tip site is checked radiologically (not near mes-
enteric or renal arteries). Most drugs (except inotropes) 
can also be safely given by this route by slow infusion 
(not by boluses).

 9 Do not add drugs to any line containing blood or blood 
products.

 10 Most IV drugs can be given into an infusion contain-
ing 0.9% saline or up to 10% glucose (the exceptions 
include amphotericin B, phenytoin and erythromycin).

 11 If only one line is being used for an infusion and more 
than one drug needs to be given, try to wait 10 min-
utes between them. If this is not possible, separate 
by 1 mL of 0.18% saline/4% glucose, 0.9% saline or 
sterile water for injections. This is very important with 
an alkaline drug such as sodium bicarbonate. Always 
give the fl ush slowly over at least 2 minutes to ensure 
that the drug already in the line/vein does not move 
forward in the patient in a sudden rapid surge (especially 

if the catheter/vein contains an inotrope or vasoactive 
drug such as aminophylline, cimetidine, phenytoin or 
ranitidine, which can cause an arrhythmia).

 12 When two IV drugs need to be given together and there 
is only one IV catheter, terminal co- infusion using a T-  
or Y- connector next to the catheter can be used. It is 
important to know whether this is safe for the drugs in 
question.

Minimising IV infusion and IV drugs 
errors
Errors of both commission and omission occur. For exam-
ple, excess IV fl uids can be dangerous by causing circulatory 
overload, and inadequate IV fl uids can be dangerous by 
causing hypoglycaemia (especially in the neonate, and 
commonly when a blood transfusion is being given and 
the infant is relying on IV glucose). 

Extravasation can also result in the absence of a vital 
drug (e.g. morphine infusion for pain). Errors will always 
occur where human actions are involved, and it is essential 
to have systems in place to minimise these.

Steps to reduce errors and their impact
 O Prescribe or change infusion rates as infrequently as 

possible, ideally once or twice daily.
 O Never have more than one IV infusion line running at 

the same time unless this is absolutely necessary (e.g. 
in major trauma or shock, where two lines are needed 
for volume replacement and also in case one line is lost 
at a critical time).

 O Use a burette in which no more than the prescribed vol-
ume is present (especially in infants and young children).

 O Record hourly the amount given (from the burette, 
syringe or infusion bag) and the amount left.

 O Check the infusion site hourly to ensure that extravasa-
tion has not occurred.

 O Ensure that fl ushes are only used when essential, and 
are given slowly over at least 2 minutes.

 O Ensure that fl ushes do not overload the patient with 
sodium.

 O Be particularly careful with potassium solutions given IV 
(use the enteral route whenever possible).

 O Check and double check the following:
 — Is it the right drug? Check the ampoule as well as 
the box.

 — Is it the right concentration?
 — Is the shelf life of the drug within the expiry date?
 — Has the drug been constituted and diluted correctly? 
 — Is the dose right? (Two people are needed to check 
the prescription chart.)

 — Is it the correct syringe? (Deal with one patient at 
a time.)

 — Is the IV line patent?
 — Is a separate fl ush needed? If so, has the fl ush been 
checked?

 — Are sharps (including glass ampoules) disposed of?
 — Has it been signed off as completed (and ideally 
countersigned)?

Writing a prescription
 O Use block capitals.
 O Use approved names.
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 O The dosage should be written in grams (g), milligrams 
(mg) or micrograms. Always write micrograms in full.

 O Volumes should be written in millilitres (mL). 
 O Avoid using decimal places whenever possible. If this 

is not possible, they should be prefaced by a zero. For 
example, write 500 mg, not 0.5 g, and if a decimal place 
is used, write 0.5 mL not .5 mL.

 O Write times using the 24- hour clock.
 O Routes of administration can be abbreviated as follows: 

IV (intravenous), IM (intramuscular), PO (orally), SC (sub-
cutaneous), NEB (nebuliser), RECT (rectally).

 O ‘As required’ prescriptions must be specifi c about how 
much, how often and for what purpose (indicate the 
maximum 24- hour dose).

 O Each drug should be signed for individually by a regis-
tered doctor.

 O Stop dates for short- course treatments should be 
recorded when fi rst prescribed. 

IV drug infusions in severely ill or 
injured children in high- dependency 
care
Adrenaline: in 5% dextrose or 0.9% saline. Do not mix 
with bicarbonate
Dose: 0.05–2 micrograms/kg/minute: this is equivalent to 
0.6 mL/kg of 1 in 1000 (600 micrograms/kg) in 100 mL run 
at 0.5–20 mL/hour.

As a short- term measure, place 1 mg (1 mL of 1 in 
1000 adrenaline) in 50 mL of 0.9% saline. Give 2–5 mL 
(40–100 micrograms) to a child (depending on size) and 
1 mL (20 micrograms) to an infant under 1 year of age. 
Give IV slowly. Repeat as required (with ECG monitoring).

Aminophylline: in 5% dextrose or 0.9% saline
Loading dose (do not give aminophylline if theophylline 
has been received in the last 24 hours).

IV infusion over 20–30 minutes, 5 mg/kg for children 
under 12 years of age, and 250–500 mg total if over 
12 years of age.

Then give 1 mg/kg/hour if under 12 years and 500 micro-
grams/kg/hour if over 12 years: this is equivalent to 50 mg/
kg in 50 mL run at 1 mL/hour for those under 12 years, and 
0.5 mL/hour for those over 12 years.

Dopamine: in 5% dextrose or 0.9% saline or undiluted 
(ideally via a central line). Do not mix with bicarbonate
This can be mixed with dobutamine.

Give 2–20 micrograms/kg/minute (renal = up to 5 micro-
grams/kg/minute): this is equivalent to 30 mg/kg in 50 mL 
run at 0.2–2 mL/hour.

Ketamine: in 5% dextrose or 0.9% saline
Give 10–45 micrograms/kg/minute: this is equivalent to 
50 mg/kg in 50 mL run at 0.6–2.7 mL/hour (maximum 
concentration 50 mg/mL).

Midazolam: in 5% dextrose or 0.9% saline or undiluted
Give 1–6 micrograms/kg/minute (60–360 micrograms/
kg/hour): this is equivalent to 6 mg/kg in 50 mL run at 
0.5–3 mL/hour.

Or give undiluted (5 mg/mL), run at 0.012–0.072 mL/
kg/hour.

Morphine: in 5% dextrose or 0.9% saline
Give 10–60 micrograms/kg/hour: this is equivalent to 1 mg/
kg in 50 mL run at 0.5–3 mL/hour.

Salbutamol IV: in 5% dextrose or 0.9% saline
Give 0.6–5 micrograms/kg/minute: this is equivalent to 
3 mg/kg in 50 mL run at 0.6–5 mL/hour.

Giving injections
First, fi nd out whether the child has reacted adversely to 
drugs in the past. Wash your hands thoroughly. Use dispos-
able needles and syringes. Clean the chosen site with an 
antiseptic solution. Carefully check the dose of the drug 
to be given and draw the correct amount into the syringe. 
Expel the air from the syringe before injecting. Always record 
the name and amount of the drug given. Discard disposable 
syringes in a safe container. 

Intramuscular route
In children over 2 years of age, give the injection in the 
upper outer quadrant of the buttock. Choose the site 
carefully, well away from the sciatic nerve. In younger or 
severely malnourished children, use the outer side of the 
thigh midway between the hip and the knee, or over the 
deltoid muscle in the upper arm. Hold the muscle at the 
injection site between the thumb and fi rst fi nger and push 
the needle (23 -  to 25- gauge) into the muscle at a 90-degree 
angle (45 degrees in the thigh). Draw back the plunger to 
make sure that there is no blood (if there is, withdraw slightly 
and try again). Give the drug by pushing the plunger slowly 
until the end. Remove the needle and press fi rmly over the 
injection site with a small swab or cotton wool for at least 
two minutes.

FIGURE 8.4.A.1 Holding a child for an intramuscular injection in 
the thigh.
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Subcutaneous route
Select the site as described above for intramuscular injec-
tion. Pinch up skin and subcutaneous tissue between your 
fi nger and thumb. Push the needle (23-  to 25- gauge) under 
the skin at an angle of 30–45 degrees into the subcutaneous 
fatty tissue. Do not go deep to enter the underlying muscle. 
Draw back the plunger to make sure that there is no blood 
(if there is, withdraw slightly and try again). Give the drug 
by pushing the plunger slowly until the end. Remove the 
needle and press fi rmly over the injection site with cotton 
wool for at least two minutes.

FIGURE 8.4.A.2 Giving a subcutaneous injection.

Intra- dermal route
Select an area of skin which has no infection or damage for 
the injection (e.g. over the deltoid in the upper arm). Stretch 
the skin between the thumb and forefi nger of one hand. 
With the other hand, slowly insert the needle (25- gauge), 
bevel upwards, for about 2 mm just under and almost 
parallel to the surface of the skin. Considerable resistance 
is felt when injecting intra- dermally. A raised blanched bleb 
showing the surface of the hair follicles is a sign that the 
injection has been given correctly.

FIGURE 8.4.A.3 Giving an intradermal injection.

8.4.B Gaining circulatory access

Peripheral venous cannulation
Preparation of kit
The following equipment is needed:

 O 18-  to 25- gauge IV cannula or butterfl y needles
 O 2- mL syringe and T- piece containing Ringer- lactate or 

Hartmann’s solution or 0.9% saline for fl ushing
 O tape or plaster of Paris for scalp veins
 O a small splint (this can be made from a wooden spatula 

covered with gauze)
 O alcohol swabs for skin cleaning
 O local anaesthetic cream if available
 O tourniquet (or assistant)
 O cannula size: neonates: 24–25G

 infants: 22–24G
 children: 20–22G
 adolescents: 18–20G.

Procedure
Apply the tourniquet to distend the vein (do not forget to 
remove it after cannulation).

Choose a vein:
 O forearm
 O long saphenous vein (anterior to the medial malleolus)
 O back of the hand or front of the wrist
 O scalp.

Useful sites to cannulate include the dorsum of the feet and 
hands. The saphenous and antecubital veins are larger, 
but can be useful for percutaneously inserted ‘long lines’. 
The antecubital veins are also useful for venepuncture for 
laboratory studies.

 O If possible, place the cannula close to the bone where 
it is more fi xed.

 O Decide the direction of blood fl ow.

 O Clean the skin with antiseptic.
 O Fix and slightly stretch the skin with your other hand.
 O Pass the cannula through the skin at a slight angle 

(10–20 degrees). Be decisive.
 O Stop once you are through the skin.
 O Flatten the cannula to the skin and advance with the 

long axis of the cannula in the same direction as the 
vein. Be decisive.

 O Aim to pass it into the vein at the fi rst attempt with 
steady advancement.

 O Always watch for blood appearing in the hub of the 
cannula.

 O As soon as blood is seen, stop.
 O Hold the needle still, and advance the cannula over the 

needle until the hub is at the skin.
 O Hold the cannula still.
 O Withdraw the needle.
 O Connect the connector, fl ush and fi x. No subcutaneous 

swelling should be seen and there should be no resist-
ance to injection.

 O If no blood is seen on advancing the cannula, but it is 
felt to be beyond the vein, stop.

 O Gently pull the cannula back in the same direction 
as advancement; if blood appears, stop once again. 
Follow the same procedure as if blood was seen on fi rst 
advancement (transfi xion technique).

 O Connect the T- piece and fl ush the cannula gently with 
Ringer- lactate or Hartmann’s solution or 0.9% saline to 
confi rm that it is in the vein.

 O If the cannula is satisfactorily inserted, tape it in place 
by looping a thin piece of the tape under the hub and 
round to form a ‘V’ shape fi xing it to the skin. 

When splinting, try to ‘double back’ the tape (i.e. put a short 
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piece and a long piece back to back, leaving just the ends 
of the longer piece sticky). This helps to prevent excessive 
amounts of tape sticking to the baby, which is particularly 
important in the case of more immature babies whose skin 
is easily damaged.

FIGURE 8.4.B.1 Inserting an intravenous cannula into a vein on 
the back of the hand. The hand is fl exed to obstruct venous return 
and thus make the veins visible.

FIGURE 8.4.B.2 Arm splinted to prevent bending of the wrist.

Note on fl ushing lines
The smaller the syringe used, the greater the pressure 
exerted on fl uid in the line. Therefore avoid using 1- mL 
syringes to fl ush a blocked line, as the line may rupture or 
tissue may be damaged by infi ltration.

Care of the IV cannula 
Secure the cannula when it has been introduced. This 
may require the splinting of neighbouring joints to limit the 
movement of the catheter. Keep the overlying skin clean 
and dry. Fill the cannula with Ringer- lactate or Hartmann’s 
solution or 0.9% saline immediately after the initial insertion 
and after each injection. 

Blood sampling from the IV cannula
If the patient needs blood samples at the time of cannulation 
it is often possible to take these as the cannula is inserted. 
Blood can be dripped from the end of the cannula into the 
appropriate bottles, or a syringe can be used to gently 
aspirate blood from the cannula. If the cannula has been 
fl ushed prior to insertion, the fi rst 0.5–1 mL of blood should 
be discarded.

Common complications
Superfi cial infection of the skin at the cannula site is the 
commonest complication. The infection may lead to throm-
bophlebitis, which will occlude the vein and result in fever, 
and may progress to septicaemia. The surrounding skin 
is red and tender. Remove the cannula immediately to 
reduce the risk of further spread of the infection. Antibiotic 

treatment (effective against Staphylococcus aureus) should 
be given. 

IV drug administration through an indwelling 
cannula 
Attach the syringe containing the IV drug to the injection 
port of the cannula and introduce the drug. Once all of 
the drug has been given, inject 0.5 mL of Ringer- lactate or 
Hartmann’s solution or 0.9% saline into the cannula until 
all of the drug has entered the circulation  and the catheter 
is filled with the infusion fl uid.

Safe IV infusions where no burettes are 
available

 O Mark the infusion bottle with tape for each hour to be 
given, and label each hour, or

 O Empty until only the necessary amount to be given is 
left in the bottle.

Special sites for IV cannulae
Scalp veins
Procedure
1 Restrain the child.
2 Shave the appropriate area of the scalp with a sterile 

razor.
3 Clean the skin.

 O Have an assistant distend the vein by holding a taut 
piece of tubing or bandaging perpendicular to it, 
proximal to (nearest to the child’s body) the site of 
puncture.

4 Fill the syringe with Ringer- lactate or Hartmann’s solution 
or 0.9% saline and fl ush the butterfl y set.

 O Disconnect the syringe and leave the end of the 
tubing open.

5 Puncture the skin and enter the vein. Blood will fl ow 
back through the tubing.

 O Infuse a small quantity of fl uid to see that the can-
nula is properly placed and then tape it into position.

 O Care should be taken not to cannulate an artery, 
which is recognised by pulsation on palpation. 
If there is a pulsatile spurting of blood, withdraw 
the needle and apply pressure until the bleeding 
stops. Then look for a vein.

FIGURE 8.4.B.3 Inserting a scalp vein needle.
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Scalp drips are generally more precarious than ones in 
the limbs, and need to be carefully observed. Infi ltration into 
the soft tissues of the scalp can spread quickly and cause 
extensive necrosis if irritant. Shave the hair from an area 
about 2–3 cm around the site selected in order to allow for 
fi xation by tape. Always ensure that the tip of the needle is 
not covered by dressings, so that infi ltration is quickly seen.

External jugular vein
Procedure
1 Place child in a 15–30-degree head- down position (or 

with padding under the shoulders so that the head 
hangs lower than the shoulders). Wrapping may be 
necessary to restrain the child (see above).

2 Turn the head away from the site of puncture. Restrain 
the child as necessary in this position.

3 Clean the skin over the appropriate side of the neck.
4 Identify the external jugular vein, which can be seen 

passing over the sternocleido mastoid muscle at the 
junction of its middle and lower thirds.

5 Have an assistant place their fi nger at the lower end 
of the visible part of the vein just above the clavicle. 
This stabilises it and compresses it so that it remains 
distended.

6 Puncture the skin and enter the vein pointing in the 
direction of the clavicle.

7 When free fl ow of blood is obtained, ensure that no air 
bubbles are present in the tubing, and then attach a 
giving set.

8 Tape the cannula securely in position. One of the most 
important points is to ensure that the cannula is properly 
secured in the vein by high- quality fi xation. It is easily 
removed by the child, so use plenty of tape!

FIGURE 8.4.B.4 Position of the external jugular vein.

Be aware that there is a higher risk of air embolism 
than with peripheral venous cannulation.

If infusion through a peripheral vein or scalp vein is not 
possible, and it is essential to give IV fl uids to keep the 
child alive:

 O set up an intra- osseous infusion 
 O or use a central vein 
 O or perform a venous cut- down.

All of these procedures are described below.

Central venous cannulation
This should not be used routinely. It should only be per-
formed when IV access is urgent and, in the case of central 
veins, only by those who have been trained in the technique 

(it is best done by an anaesthetist). Remove the cannula 
from a central vein as soon as possible (i.e. when IV fl uids 
or drugs are no longer essential, or when a peripheral vein 
can be cannulated successfully). 

The aims of central venous cannulation are as follows:
 O to obtain venous access when peripheral cannulation 

is not possible (however, in an emergency, intra- 
osseous cannulation is faster and easier).

 O to monitor central venous pressure
 O to obtain prolonged vascular access
 O to obtain large- bore vascular access
 O to administer certain drugs
 O during resuscitation.

Procedure
Several routes are possible, but the most widely used are 
the femoral and internal jugular approaches. The femoral 
approach is easiest in the emergency situation. A subclavian 
approach may be useful in the older child.

Preparation of kit
The following equipment is needed:

 O sterile pack
 O sterile Seldinger wires
 O cannula: single 16-  to 22G cannula
 O single, double or triple lumen if available (5 FG 5–8 cm 

length for neonate, 7 FG 8–15 cm length for child)
 O syringe and Ringer- lactate or Hartmann’s solution or 

saline 
 O suture and tape for fi xing
 O local anaesthetic with fi ne 25G needles.

Preparation of the child
 O Explain what is going to happen (if the child is conscious).
 O Position the child.
 O Sterilise the skin and maintain sterile technique.
 O Apply local analgesia to the skin (if the child is conscious).

Two insertion techniques are available, namely:
 O the same as in peripheral cannulation
 O the Seldinger technique (wire)
 O ideally an ultrasound probe can help identify the vein 

and ensure the cannula when inserted is in the correct 
position in the lumen of the vein. 

Seldinger method
 1 Identify the vein with cannula on syringe (same approach 

as for peripheral cannulation); there must be good fl ow.
 2 Stop, and pass the cannula over the needle.
 3 Disconnect the syringe.
 4 Pass the wire through the cannula to three- quarters the 

length of wire (if there is any resistance, stop, withdraw 
the wire with needle, and start again).

 5 Holding the wire fi rmly, withdraw the needle over the 
wire.

 6 Pass the dilator over the wire (it is sometimes necessary 
to make a small cut at the skin) and, holding the wire 
fi rmly, withdraw the dilator.

 7 Pass the cannula/catheter fi lled with Ringer- lactate 
or Hartmann’s solution or 0.9% saline over the wire 
(passage of the cannula should be smooth, meeting 
no resistance).

 8 Hold the cannula, and withdraw the wire (gently if it 
sticks, do not force it).
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 9 Confi rm correct placement by aspiration of blood.
 10 Suture and fi x with antiseptic ointment over the entry 

site.
 11 Confi rm the position with an X- ray.

Femoral cannulation
This is adequate for almost all needs, is technically much 
easier and has lower complication rates, particularly in neo-
nates and infants. However, if it is not a sterile procedure, 
there is a risk of causing septic arthritis in the hip joint.
1 Position the patient supine with the leg slightly abducted. 

Place a towel under the buttocks to raise the pelvis.
2 Clean the skin and drape with sterile towels. Locate 

the vein by fi nding the femoral arterial pulsation 2 cm 
below the midpoint of the inguinal ligament. The vein 
lies immediately medial to the artery. If the child is con-
scious, infi ltrate the skin and subcutaneous area with 
1% lignocaine.

3 With a fi nger on the femoral artery introduce the needle 
with syringe attached at an angle of 30–45 degrees to 
the skin along the line of the vein pointing towards the 
umbilicus. Advance the needle while aspirating.

4 When blood ‘fl ashes back’ into the syringe, stop advanc-
ing and remove the syringe from the needle. Feed the 
Seldinger guide wire through the needle, keeping hold 
of one end of the wire at all times.

5 Withdraw the needle over the wire, then feed the cath-
eter over the wire into the vein.

6 Withdraw the wire and aspirate for blood to confi rm the 
position. Then fl ush the catheter with Ringer- lactate or 
Hartmann’s solution or 0.9% saline.

7 Suture the catheter in place.

FIGURE 8.4.B.5 Femoral vein cannulation.

If you are unsure whether you are in a vein or an 
artery, consider transducing the pressure waveform.

Internal jugular vein
Use a head- down position for the internal jugular and sub-
clavian approaches, as this increases vein distension and 
reduces the risk of air embolism.

Procedure
1 Place the child in a 30-degree head- down position and 

turn their head to the left- hand side for the right- sided 
approach, which avoids the lymphatic duct. Place a 
towel or roll under the shoulders to extend the neck.

2 Clean the skin and drape with towels, exposing the neck 
to the clavicle.

3 Identify the apex of the triangle formed by the two heads 
of the sternocleidomastoid and clavicle, and infi ltrate 
local anaesthetic (if the child is conscious). Alternatively, 
identify carotid pulsation medial to the sternomastoid at 
the level of the lower border of the thyroid cartilage, and 
the vein (usually) just lateral to this. Aim the needle at 
30 degrees to the skin and towards the ipsilateral nipple 
(note that the neck is very short and the vein is superfi cial 
in the very young). Estimate the length of catheter from 
the point of skin entry to the nipple.

4 Direct the needle at 30 degrees to the skin, pointing 
towards the right nipple, and puncture the skin at the 
apex of the triangle.

5 Holding this position, advance the needle, aspirating 
all the time. If blood ‘fl ashes back’, stop advancing and 
remove the syringe from the needle. (If you do not can-
nulate the vein, withdraw the needle, but not out of the 
skin, and advance again slightly more laterally.)

6 Feed the Seldinger guide wire through the needle, 
always having control of one end of the wire.

7 Withdraw the needle over the guide wire and then feed 
the catheter over the wire into the superior vena cava.

8 Withdraw the wire, aspirate for blood and attach the 
infusion set. Do not leave the catheter open, as this 
may lead to an air embolism.

9 Suture the catheter in place and obtain a chest X- ray (if 
possible) to check for a pneumothorax and the position 
of the catheter tip, which should be in the superior vena 
cava (SVC), ideally at the junction of the SVC and the 
right atrium, but not in the right atrium.

FIGURE 8.4.B.6 Position of the internal jugular and subclavian 
veins.

Subclavian vein
1 Place the patient in a supine position, turn the head to 

the contralateral side, position a roll to extend the neck 
a little, and identify the midpoint of the clavicle. 

2 Aim for the suprasternal notch, and pass the needle 
just beneath the clavicle at the midpoint. The vein lies 
anterior to the subclavian artery and is closest at the 
medial end of the clavicle.

3 Subclavian artery puncture is not uncommon (it is not 
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possible to use compression to stop the bleeding, but 
this is rarely a problem unless coagulopathy is present).

Complications
These are fewer and less severe in femoral cannulation, but 
include the following: 

 O arterial puncture
 O nerve damage
 O pneumothorax in neck access veins
 O extravasation- administered fl uids/drugs
 O septicaemia if the procedure is not sterile or if the can-

nula is in place for more than 5 days.

Cut- down venous cannulation
Indication
Continuous IV access is needed where percutaneous 
attempts have failed. In the emergency situation, intra- 
osseous access is faster and easier. Cut- down is less 
appropriate if speed is essential.

Preparation of kit
The following equipment is needed:

 O skin prep (iodine, alcohol)
 O scalpel
 O suture
 O IV cannula
 O local anaesthetic
 O curved artery forceps
 O syringe and hypodermic needle
 O sterile drapes.

Procedure
Identify landmarks. The long saphenous vein at the ankle 
is superior and medial to the medial malleolus of the ankle. 
The brachial vein at the elbow is lateral to the medial 
epicondyle of the humerus.

Brachial vein:
 O Infant: one fi nger breadth lateral to the medial epicondyle 

of the humerus.
 O Small child: two fi nger breadths lateral to the medial 

epicondyle of the humerus.
 O Older child: three fi nger breadths lateral to the medial 

epicondyle of the humerus.

Long saphenous vein:
 O Infant: half a fi nger breadth superior and anterior to the 

medial malleolus.
 O Small child: one fi nger breadth superior and anterior to 

the medial malleolus.
 O Older child: two fi nger breadths superior and anterior to 

the medial malleolus.
 1 Immobilise the lower leg and clean the skin, as described 

above. Identify the long saphenous vein, which lies half 
a fi nger breadth (in the infant) or one fi nger breadth 
(in the small child) superior and anterior to the medial 
malleolus.

 2 Clean the skin and drape with sterile towels.
 3 Infi ltrate the skin with 1% lignocaine using a fi ne 24-  to 

25G needle, and make an incision through the skin 
perpendicular to the long axis of the vein. Bluntly dissect 
the subcutaneous tissue with haemostat forceps.

 4 Identify and free a 1–2 cm section of vein. Pass a proxi-
mal and distal ligature.

 5 Tie off* the distal end of the vein, keeping the ties as 
long as possible for traction.

 6 Make a small hole in the upper part of the exposed 
vein, gently dilate the opening with the tip of a closed 
haemostat, and insert the cannula (without the needle/
trocar in it) into this, while holding the distal tie to sta-
bilise the position of the vein.

 7 Secure the cannula in place with the upper ligature.
 8 Attach a syringe fi lled with Ringer- lactate or Hartmann’s 

solution or saline and ensure that the fl uid fl ows freely 
up the vein. If it does not, check that the cannula is in 
the vein or try withdrawing it slightly to improve the fl ow.

 9 Tie the distal ligature* around the catheter, and then 
close the skin incision with interrupted sutures. 

 10 Place antiseptic ointment (e.g. iodine) over the wound, 
and suture or tape the catheter to the skin (ensure that 
local anaesthetic is used at the suture site if the child is 
conscious). Cover with sterile dressing.

* It is also possible to dispense with the proximal and distal 
ligatures and simply penetrate the vein directly with a plastic 
over- the- needle cannula as you would if penetrating the 
skin externally. Once in the vein, remove the inner needle 
and secure in position.

FIGURE 8.4.B.7 Cut- down incision showing vein: position of cut-
down on long saphenous vein at ankle.

Complications
These include the following:

 O haemorrhage or haematoma
 O perforation of the posterior wall of the vein
 O nerve transection
 O phlebitis
 O venous thrombosis.

Umbilical vein catheterisation 
Indications 

 O Where there is urgency during resuscitation of the new-
born to give IV fl uids and drugs. 

 O Temporarily for exchange transfusion. The catheter 
should not be left in position between exchanges. 
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Time of insertion
Catheterisation is usually easy in the fi rst 4 days of life, and 
possible from 5 to 7 days. 

Passing an umbilical vein catheter is the quick-
est and easiest way to access the circulation in the 
newborn.

Preparation of kit
The following equipment is needed:

 O gown and gloves
 O sterile instruments including:

 — fi ne scissors
 — forceps
 — scalpel

 O silk suture for retaining
 O 5 French gauge umbilical catheter 

 — a sterile feeding tube may be satisfactory if an umbili-
cal catheter is not available, but measure the length 
fi rst so that you will know how much you have passed 
by measuring the length from the hub to the umbili-
cal insertion. Cannulae designed for use as umbilical 
vein cannulae are usually marked in 5- cm increments

 O a three- way tap
 O 0.5% chlorhexidine or 10% povidone- iodine for clean-

ing the skin
 O sterile cotton wool balls
 O sterile towels or drapes to cover the baby’s abdomen
 O sterile 2- mL syringe and connector fi lled with Ringer- 

lactate or Hartmann’s solution or 0.9% saline.

FIGURE 8.4.B.8 Insertion and securing of a catheter in the 
umbilical vein. (a) Preparation of the umbilical cord. (b) Inserting 
the catheter into the umbilical vein, which is the larger thin- walled 
structure towards the head. Note the two umbilical arteries, which 
are thick- walled and towards the legs of the baby. (c) Securing the 
inserted catheter to prevent kinking.

Procedure
 1 Assemble the syringe, three- way tap and catheter. 

Flush and fi ll the catheter with sterile 0.9% saline. Then 
close the tap to prevent air entry (which may cause air 
embolus). 

 2 Clean the umbilical cord and surrounding skin with 
0.5% chlorhexidine or 10% povidone- iodine, and then 
loosely tie a suture around the base of the cord.

 3 Cut back the cord to about 2 cm from the base.
 4 Cover the skin with towels to form a sterile working 

surface.
 5 Hold the cord at an edge with forceps.
 6 Identify the vein. It is usually gaping, larger, and well 

separated from the two small thicker- walled arteries.
 7 Hold the catheter approximately 2 cm from the end with 

non- toothed forceps, and insert the tip into the vein. 
Gently advance the catheter, which should pass easily.

 8 Insert the catheter for a distance of 4–6 cm.
 9 Check that the catheter is not kinked and that blood 

draws back easily. If there is a block, pull gently on the 
cord, pull back the catheter partly and reinsert.

 10 The catheter can be secured by winding a suture round 
it several times and then passing a stitch through the 
cord base. An additional safeguard is to form two wings 
of tape which can then be taped to the abdominal 
wall, always remembering that it is preferable to use 
as little tape as possible in smaller babies. However, it 
is essential that the catheter does not fall out. 

Occasionally the umbilical vein is kinked and advance of the 
catheter is blocked at 1–2 cm beyond the abdominal wall. 
Gentle traction on the cord usually relieves this. 

If obstruction occurs at more than 2 cm, and only partly 
gives way with pressure, the catheter is probably either 
wedged in the portal system or coiled up in the portal 
sinus. It is advisable to withdraw the catheter part way 
and reinsert it. 

Care of indwelling catheters 
Leave the cord exposed to air. Remove blocked catheters. 

Removal of the catheter 
1 Use sterile technique. 
2 Remove a specimen of blood for culture. 
3 If possible, place a purse- string suture around the vessel 

at the base of the umbilicus and withdraw the catheter 
slowly. 

4 Tighten the purse- string suture.
5 Apply pressure to the umbilical stump for 5–10 minutes.

Time of removal of catheter 
Remove the catheter as soon as possible as dictated by 
the clinical state of the baby. The infection rate rises after 
24 hours. Complications are more common with venous 
catheters than with arterial ones, so venous catheters 
should rarely be left in. 

Complications 
These include the following:

 O thrombosis  survivors may develop portal vein 
thrombosis

 O embolism from clots in the catheter, or from injected air 
 O vascular perforation 
 O vascular damage from hypertonic solutions (more com-

mon when the tip is in the portal system) 
 O haemorrhage from a disconnected catheter 
 O necrotising enterocolitis or bowel perforation may occur 

as a complication of exchange transfusion
 O infection 
 O there is no evidence that prophylactic antibiotics are 

of any value.
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Intra- osseous needle insertion
Intra- osseous infusion is a safe, simple and reliable method 
of giving fl uid and drugs in an emergency when venous 
access is not possible (e.g. in shock). 

Site for needle 
The fi rst choice for the puncture is the proximal tibia. The 
site for needle insertion is in the middle of the antero- medial 
surface of the tibia, at the junction of the upper and mid-
dle third, to avoid damaging the epiphyseal plate (which is 
higher in the tibia), 2–3 cm below the tibial tuberosity. An 
alternative site for needle insertion is the distal femur, 2 cm 
above the lateral condyle. 

Intra- osseous needles (15-  to 18- gauge) 
If a purpose- made intra- osseous needle is not available, a 
number of alternatives can be used, including bone- marrow 
needles, short lumbar puncture needles or a large- calibre 
venepuncture needle. For example, a green needle can 
be used in a neonate. The disadvantage of venepuncture 
needles is that they may carry a fragment of bone into the 
marrow. This is not dangerous, but it may block the needle. 
Also the bevel of these needles is long, and extravasation of 
fl uid is more likely than with a purpose- made intra- osseous 
needle.

FIGURE 8.4.B.9 (a) Intra- osseous needle tibial site (X). (b) Section 
through bone. Image reprinted with permission from Medscape 
Reference (http://emedicine.medscape.com/), 2014, available at: 
http://emedicine.medscape.com/article/940993-overview.

Other equipment needed
This includes the following:
1 a sterile 2- mL syringe containing 1–2% lignocaine to be 

used whenever the patient is conscious (otherwise the 
procedure will be very painful)

2 two sterile 5- mL syringes 
3 sterile 20-  or 50- mL syringes and ideally a three- way 

tap.

Procedure
 1 Place padding under the child’s knee so that it is bent 

at 30 degrees from the straight (180-degree) position, 
with the heel resting on the table.

 2 Locate the correct position (described above and 
shown in Figure 8.4.B.9).

 3 Wash your hands and put on sterile gloves. (To avoid 
osteomyelitis, the procedure must involve strict asepsis 
using an antiseptic solution and sterile gauze to clean 
the site, with the operator wearing sterile gloves.) Clean 
the skin over and surrounding the site with an antiseptic 
solution.

 4 Infi ltrate with lidocaine down to the periosteum if the 
child is conscious.

 5 Ask an assistant to stabilise the proximal tibia by 
grasping the thigh and knee above and lateral to the 
cannulation site, with the fi ngers and thumb wrapped 
around the knee but not directly behind the insertion 
site.

 6 Insert the needle at a 90-degree angle with the bevel 
pointing towards the foot. Advance the needle slowly 
using a gentle but fi rm twisting or drilling motion.

 7 Stop advancing the needle when you feel a sudden 
decrease in resistance or when you can aspirate blood. 
The needle should now be fi xed in the bone and stand 
up by itself.

 8 Remove the stylet.
 9 Aspirate the marrow contents (which look like blood), 

using the 5- mL syringe, to confi rm that the needle is in 
the marrow cavity and to provide bone marrow/blood 
for the following tests when appropriate: blood glucose, 
haemoglobin, group and cross- matching, blood culture 
and urea and electrolytes. Hb, glucose and electrolyte 
measurements may not be accurate after infusions have 
been previously given. Note that failure to aspirate 
bone- marrow contents does not mean that the 
needle is not correctly placed.

 10 Attach the second 5- mL syringe fi lled with Ringer- 
lactate or Hartmann’s solution or 0.9% saline. Stabilise 
the needle and slowly inject 3 mL while palpating the 
area for any leakage under the skin. If no infi ltration is 
seen, start the infusion.

 11 Attach the 50- mL syringe, usually containing Ringer- 
lactate or Hartmann’s solution or saline, but compatible 
blood or 10% glucose can be used if hypoglycaemia 
is suspected, and push in the infusion fl uid in boluses. 
It is not possible to infuse fl uid through the intra- 
osseous needle using a standard IV giving set. The 
fl uid has to be pushed in under light pressure, and if 
large volumes are needed (e.g. when giving boluses 
of fl uid to treat shock) then 20- mL or 50- mL syringes 
should be used. 

 12 Check that the calf does not swell during the injections 
of fl uid.

 13 Secure IV access as soon as possible.
 14 When the needle has been removed, cover with a sterile 

dressing.

Do not place distal to a major fracture or where there is 
infection.

Give prophylactic antibiotics after the immediate 
emergency has been managed.

All drugs and fl uids that are given IV (including 10% 
glucose) can be given into the bone marrow, and they 
will reach the heart and general circulation as fast as if 
they had been given through a central vein.

Remove the intra- osseous needle as soon as 
venous access is available. In any case, it should not be 
in place for more than 8 hours.

Complications
These include the following:

 O dislodgement
 O misplacement (penetration through posterior cortex, 

failure to penetrate cortex), resulting in:
 — haematoma
 — tissue necrosis
 — compartment syndrome
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 O skin infection
 O osteomyelitis
 O tibial fracture in babies.

The scalp vein needle as an intra- osseous 
device
In infants, a green ‘butterfl y’ (scalp vein) needle can be 
used as an intra- osseous needle with the same precau-
tions as above.

Battery- powered intra- osseous device
The EZ- IO drill is a powered device that enables rapid 
insertion of an intra- osseous needle.

Unfortunately the disposable needles are extremely and 
prohibitively expensive for low resource settings.

Various sizes of needle are available (see Figures 
8.4.B.10 and 8.4.B.11) for different- sized patients.

FIGURE 8.4.B.10 EZ- IO power drill and needles.

The landmarks are as before, using the upper end of 
the tibia. In adults in particular, the upper outer aspect of 
the humerus can also be used. 

FIGURE 8.4.B.11 Site for EZ- IO needle in the proximal humerus in 
an adult or large child.

The procedure is less painful for the conscious patient 
due to its rapidity, the drilling effect and the sharpness of 
the needles. The EZ- IO needles are available in two sizes, 
for patients under 40 kg and over 40 kg.

The procedure for insertion is as follows:
 1 Take universal precautions for sterile procedure.
 2 Clean the site.
 3 Choose an appropriate size of needle and attach it to 

the drill. It will fi x magnetically.
 4 Remove the safety cap from the needle.
 5 If the patient is conscious, control their movement dur-

ing insertion.
 6 Hold the drill and needle at 90 degrees to the skin 

surface and push through the skin without drilling, until 
bone is felt. Ensure that at least 5 mm of the needle is 
visible at this point. 

 7 Squeeze the drill button and drill continuously, applying 
gentle steady downward pressure until there is sudden 
loss of resistance – there is a palpable ‘give’ as the 
needle breaches the cortex. Release the trigger and 
stop insertion at this point. 

If the driver stalls and will not penetrate the bone 
you may be applying too much downward pressure.

If the driver fails (this is rare) remove it, grasp the 
needle kit by hand and twist it into the bone marrow. 

 8 Remove the drill and unscrew the trochar.
 9 Aspirate the bone marrow if possible directly from the 

needle.
 10 Attach the pre- prepared connection tube containing 

sterile Ringer- lactate or Hartmann’s solution or 0.9% 
saline before any infusion is given.

FIGURE 8.4.B.12 EZ- IO needle in place, with stylet removed.

Do not attach a syringe directly to the EZ- IO catheter 
hub except when drawing blood with the needle set 
stabilised by hand (sterile).

 11 There is an optional device for securing the needle, but 
this is not essential.

 12 Proceed with the required therapy. It should be noted 
that rapid infusion of fl uid may be painful for the con-
scious patient.

 13 Apply a sterile dressing.
 14 When removing the catheter, attach a Luer lock syringe, 

and continuously rotate it clockwise while slowly and 
gently applying traction to the catheter. Do not rock or 
bend the catheter during removal.

 15 Do not leave the catheter in place for more than 
24 hours.

Needle pericardiocentesis
Needle pericardiocentesis is a rarely used skill but can be 
life- saving when indicated.

Indications
This procedure is used:

 O to reduce a pericardial effusion that is causing haemo-
dynamic compromise

 O to diagnose pericarditis.

In the trauma situation this procedure is performed when 
cardiac tamponade is suspected. This is usually, but not 
always, caused by a penetrating injury between the nipple 
line and the shoulder blades. The clinical fi ndings are shock, 
muffl ed heart sounds (although this is a diffi cult sign to elicit 
with confi dence) and distended neck veins. It is important 
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to differentiate between this and tension pneumothorax, in 
which the trachea is deviated and air entry reduced on the 
affected side. Ideally this procedure should be carried out 
under ECG control, but if that is not available, extra care 
must be taken.

If available, ultrasound is the easiest/safest way of 
making a diagnosis of cardiac tamponade.

Preparation of kit
The following equipment is needed:

 O ECG monitor
 O syringe
 O skin prep
 O local anaesthetic
 O over- needle cannula (16-  to 18- gauge)
 O sterile drapes.

Technique
1 Position the patient supine and attach the ECG. Stand 

on the patient’s right with the ECG monitor at the 
patient’s head so that you can see it easily.

2 Clean the skin from nipples to umbilicus and drape with 
sterile towels to expose the peri- xiphoid region. This 
must be a sterile procedure. Infi ltrate local anaesthetic 
at the costal margin just below the xiphoid process.

3 Attach the cannula to the syringe. Insert the cannula just 
below and to the left of the xiphoid process. Angle the 
needle at 45 degrees to the skin and pointing towards 
the tip of the left scapula.

4 Advance the needle, holding this position, aspirating all 
the time and watching the cardiac monitor. As you enter 

the distended pericardial sac, fl uid will fl ow back into the 
syringe. If the myocardium is touched, the ECG pattern 
will change (arrhythmia, ectopics, ‘injury’ pattern). If you 
can aspirate large amounts of bright red blood you have 
entered the ventricle, in which case you should withdraw 
slightly.

5 If successful, cardiac function should improve immedi-
ately. Withdraw the needle, attach a three- way tap, and 
secure the cannula for further aspirations.

6 This is a temporary procedure, and some patients will 
require a formal pericardiotomy. Pericardial aspiration 
may not work well for viscous fl uids (e.g. clotted 
blood) in the pericardial sac.

Defi brillation
There are two indications for this procedure:
1 In cardiac arrest when the rhythm is ventricular fi brilla-

tion (VF) or pulseless ventricular tachycardia (VT) (see 
Section 1.13). The dose is 4 joules/kg in children.

2 In supraventricular tachycardia (SVT) or ventricular 
tachycardia without shock (see Section 5.4.C). The dose 
is 0.5 joules/kg, rising to 1 joule/kg then 2 joules/kg if 
the fi rst shocks were unsuccessful.

In any patient who is not in extremis, anaesthesia/sedation 
must be given before the DC shock is administered.

Safety
A defi brillator delivers enough current to cause cardiac 
arrest. The user must ensure that other rescuers are not 
in physical contact with the patient (or the trolley) at the 
moment when the shock is delivered. The defi brillator should 
only be charged when the paddles are either in contact with 
the child or replaced properly in their storage positions. 
Oxygen must be discontinued and be moved right away 
from the patient. 

Procedure
Basic life support should be interrupted for the shortest 
possible time (see steps 5 to 9 below).
1 Apply gel pads or electrode gel.
2 Select the correct paddles (paediatric paddles for 

patients weighing less than 10 kg). If only adult paddles 
are available for a small child, put one on the front of 
the child’s chest and one on the back.

3 Select the energy required.
4 Place the electrodes on the pads of gel, and apply fi rm 

pressure.
5 Press the charge button.
6 Wait until the defi brillator is charged.
7 Shout ‘Stand back!’
8 Check that all of the other rescuers are standing clear.
9 Deliver the shock.

Correct paddle placement
The usual placement is antero- lateral. One paddle is put 
over the cardiac apex in the mid - axillary line, and the other 
is placed just to the right of the sternum, immediately below 
the clavicle.

Good paddle contact
Gel pads or electrode gel should always be used (if the 
latter is used, care should be taken not to join the two 

FIGURE 8.4.B.13 Position for insertion of needle in 
pericardiocentesis. The pericardiocentesis needle is inserted as 
close to the sternum as possible in order to avoid the internal 
mammary artery.
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areas of application). Firm pressure should be applied to 
the paddles.

Correct energy selection
The recommended level in VF or pulseless VT cardiac arrest 
is 4 joules/kg (with no patient sedation).

In arrhythmias with a pulse, the dose is 0.5 joules/kg, 
then 1 joule/kg, then 2 joules/kg if the previous doses were 
unsuccessful (always with sedation).

Automatic external defi brillators (AEDs)
Automatic external defi brillators (AEDs) are used in adults 
both to assess cardiac rhythm and to deliver defi brillation 
(see Section 1.13 for details). In children, AEDs can accu-
rately detect ventricular fi brillation at all ages, but there is 
concern about their ability to identify tachycardic rhythms 

in infants correctly. At present, therefore, AEDs can be used 
to identify rhythms in children but not in infants.

Many AEDs now have paediatric attenuation pads 
which decrease the energy to a level more appropriate for 
the child (aged 1–8 years), or leads that reduce the total 
energy to 50–80 joules. This means that AEDs can be used 
for all children over the age of 1 year. Institutions that treat 
infants who might need defi brillation must provide manual 
defi brillators.

Guidance
 O With a manual defi brillator use 4 joules/kg to defi brillate 

patients of all ages.
 O With an unattenuated AED (see above), children over 

8 years of age can be defi brillated.
 O With an AED with paediatric pads or paddles, children 

aged 1–8 years can be defi brillated.

8.5 Other procedures

Insertion of an orogastric or 
nasogastric tube

FIGURE 8.5.1 Inserting a nasogastric tube. (a) The distance from 
the nose to the ear and then to the epigastrium is measured. (b) 
The tube is then inserted to the measured distance.

The nasogastric tube is used to feed any child who is unable 
to take food by mouth.

Preparation of kit
The following equipment is needed:

 O nasogastric tube
 O lubricant
 O pH indicator paper or litmus paper
 O syringe
 O stethoscope
 O adhesive tape.

In preterm infants:
 O 4 French gauge tube is used for infants who weigh ) 

1000 grams
 O 6 French gauge tube is used for infants who weigh 

> 1000 grams (and most neonates)
 O 8 to 10 French gauge tube is used for abdominal decom-

pression (e.g. in infants with ileus or who are receiving 
continuous positive airway pressure).

Procedure
1 Place the child supine with their head in the ‘sniffi ng’ 

position.
2 Measure the length of the tube from the nose via the 

earlobe to the midpoint between the xiphoid and the 
umbilicus. Mark the tube at this point with indelible pen.

3 Feed the tube lubricated with KY Jelly or saline through 
either the nose or the mouth directly backwards. (The 
neonate is a nose breather, and therefore if there is 
respiratory distress the oral route may be preferred.) 
Try to advance the tube as the child swallows. If a baby 
has respiratory distress, a gastric tube is best passed 
through the mouth. 

4 Check the position of the tube by very gently aspirating 
0.2–0.5 mL of stomach contents using a small (2-  or 
5- mL) syringe (larger ones can damage the gastric 
mucosa) and checking the change in the pH indicator 
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paper (the pH should be 5.5 or less, or the litmus paper 
should change colour from blue to pink), or fl ush the 
tube with 2–3 mL of air (only 1 mL in the neonate) and 
listen over the stomach area with the stethoscope. If in 
doubt, X- ray the chest and/or abdomen. (Note that the 
acidity of the gastric fl uid may be reduced in preterm 
infants.)

5 If there is any doubt about the location of the tube, 
withdraw it and start again. Withdraw immediately if the 
child starts coughing, as the tube may then be in the 
airway.

6 Secure the tube by taping it to the cheek, and record 
the length of tube outside the nose or mouth.

7 When the tube is in place, fi x a 50- mL syringe (without 
the plunger) to the end of the tube, and pour food or 
fl uid into the syringe, allowing it to fl ow by gravity. 

The nasal route is more comfortable and secure, but if 
the infant has respiratory distress or is receiving CPAP, an 
orogastric tube is best (if passed through the nose the tube 
increases upper airway resistance).

Never pass a nasogastric tube in a head- injured patient. 
An orogastric tube is safe. If there is a base- of- skull fracture, 
a nasal tube could be pushed into brain tissue. 

Cervical spine immobilisation 
All patients with major trauma should have full spinal sta-
bilisation if feasible from the moment of injury, and should 
be treated as if they have a cervical spine injury until proven 
otherwise. Immobilisation can be achieved: 

 O by holding the head still and in line (manual in- line 
immobilisation) 

 O or by applying a semi- rigid collar (which has been 
correctly fi tted), sandbags on either side of the head, 
and tape across the forehead and the chin piece of 
the collar to prevent the head from being lifted upward 
from the bed. 

FIGURE 8.5.2 Immobilisation of the cervical spine using head 
blocks and straps with a cervical collar in place.

Exceptions
Two groups of patients may prove to be diffi cult:

 O the frightened uncooperative child (most common)
 O the hypoxic combative patient.

In both of these cases, over- enthusiastic efforts to immo-
bilise the neck may increase the risk of spinal injury as the 
patient struggles to escape. The area of greatest mobility 
in the cervical spine is the C7/T1 junction, and this is at 
increased risk in the combative patient.

It is best to try to apply just a collar and then address 
the patient’s other clinical needs (see Section 7.3).

Log roll
When examining the back of the patient with major injury, 
it is important to minimise the risk associated with unrec-
ognised spinal injury. It is essential to examine the back of 
the patient at the end of the primary survey (or even during 
it if there is suspicion of serious injury to the back of the 
chest or abdomen).

The aim of the log roll is to maintain the orientation of the 
spine during turning of the patient. It requires four people 
for a mother or child and three for an infant. In addition, one 
person is required for the examination of injuries.

TABLE 8.5.1 Position of staff for log roll

Position of staff for log roll

Staff 
number

Infant or small child Larger child or mother

1 Examination of back Examination of back

2 Stabilisation of head and 
neck – in charge of the 
procedure

Stabilisation of head and 
neck – in charge of the 
procedure

3 Chest Chest

4 Pelvis and legs Pelvis

5 Legs

FIGURE 8.5.3 Log rolling a child.

FIGURE 8.5.4 Log rolling an infant.

Incision and drainage of abscess
Indications

 O The collection of localised infection.
 O If there is uncertainty whether a hot red mass is an 

abscess, aspirate for pus before proceeding to incision 
and drainage.

 O Multiple/recurrent abscesses may be associated with 
HIV, TB, malnutrition, diabetes mellitus, anaemia or 
foreign bodies.
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Preparation of kit
The following equipment is needed:

 O skin preparation materials
 O scalpel
 O microbiology swab
 O curette
 O sterile gauze.

Procedure
1 If the patient is systemically unwell, take blood cultures 

(before giving antibiotics).
2 Antibiotics are only indicated if the patient is systemically 

unwell or if spreading cellulitis is present.
3 Use general anaesthesia for certain sites (perianal, 

breast, cervical, etc.). Regional blocks may be used 
for limbs in older children. (Note that local infi ltration 
produces poor anaesthesia in infl amed tissue.)

4 Clean the skin.
5 Incise over the most superfi cial tender point in the direc-

tion of skin creases. Take a sample of pus for culture and 
staining, including the Ziehl–Neelsen stain if indicated. 
The commonest error is to make the incision too 
small.

6 Insert a curette spoon or fi nger to break down any 
loculi. Send a sample of the wall of the abscess for TB 
if indicated.

7 Irrigate the cavity with 0.9% saline to fl ush out necrotic 
material.

8 If a large cavity exists, loosely pack it with sterile gauze. 
For a small cavity place a ‘wick’ (e.g. a piece of rolled 
gauze) into the wound, forming a track. Cover the wound 
loosely with absorbent dressing. Change the gauze 
packing after 24 hours, giving analgesia beforehand if 
needed. Remove the wick after 48 hours.

9 As the cavity discharges pus it should heal from a depth 
to superfi cially through the open skin incision.

Abdominal paracentesis
Indications

 O To detect intra- abdominal injury after blunt trauma in 
the haemodynamically unstable child in the absence of 
CT or ultrasound scanning facilities. Haemodynamic 
instability after penetrating trauma always requires 
a laparotomy.

 O To identify peritonitis.
 O To identify ruptured bowel.

Preparation of kit
The following equipment is needed:

 O local anaesthetic (ideally with adrenaline) 
 O sterile drapes 
 O over- needle catheter, 16-  to 20- gauge
 O 20- mL syringe
 O warmed normal saline and infusion set
 O urinary catheter and nasogastric tube
 O skin prep (iodine/alcohol).

Procedure
1 The procedure must be sterile.
2 Decompress the bladder and stomach with a urinary 

catheter and nasogastric tube.
3 Prepare the abdomen (from the costal margin to the 

pubis). Drape the area with sterile towels, exposing the 
peri- umbilical region.

4 If the patient is conscious, infi ltrate local anaesthetic in 
the midline (a third of the distance between the umbilicus 
and the pubis). If pelvic trauma is suspected, infi ltrate 
above the umbilicus.

5 Insert the catheter over needle. Remove the needle and 
aspirate.

6 If more than 10 mL of fresh blood or turbid or bile- stained 
fl uid or faeces or food debris are present in the aspirate, 
there is a serious problem, possibly indicating the need 
for a laparotomy.

7 If none of the above abnormalities are seen on aspira-
tion, instil 10 mL/kg of warm sterile normal saline into the 
abdomen and allow 5 minutes for it to circulate. Then 
retrieve the fl uid.

Interpreting the results of analysis of the 
retrieved fl uid 
Abnormal fi ndings include the following: 

 O red blood cell count (unspun) > 100 000/mL: may need 
laparotomy if unstable

 O white blood cell count (unspun) > 500/mL
 O bile staining
 O faeces
 O Gram stain/microscopy positive.

If laparotomy is indicated, withdraw the catheter and cover 
the wound with a sterile dressing. Then transfer the patient 
to theatre. 

Lumbar puncture
Preparation of kit
The following equipment is needed:

 O iodine
 O sterile gloves
 O sterile dressings pack 
 O spinal needle with stylet
 O collodion
 O small adhesive dressing
 O local anaesthetic
 O sedation (in some cases).

Indications
 O As part of septic screen in case meningitis is present. 
 O For investigating the possible cause of seizures.
 O For investigating the possible cause of apnoeic episodes 

due to meningitis.
 O As therapy in post- haemorrhagic hydrocephalus.
 O For administration of drugs in leukaemia.

Contraindications
 O Signs of raised intracranial pressure, such as deep 

coma (P or U on the AVPU scale), unequal pupils, rigid 
posture or paralysis in any of the limbs or the trunk, or 
irregular breathing.

 O Skin infection in the area through which the needle will 
have to pass.

 O Signifi cant bleeding disorder.

If contraindications are present, the potential value of the 
information gained from a lumbar puncture should be care-
fully weighed against the risk of the procedure. If in doubt, it 
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might be better to start treatment for suspected meningitis, 
and delay performing a lumbar puncture.

Precautions
 O Do not perform a lumbar puncture in the very sick patient 

(it may precipitate apnoea in an infant and shock in an 
older child).

 O Excessive neck fl exion when positioning can lead to 
hypoxaemia and acute respiratory deterioration.

 O If a spinal needle is unavailable and a normal (non- 
stylet) needle is used, the needle bore may become 
blocked with skin on insertion and therefore obstruct 
fl ow. There is also the risk of tissue implantation leading 
to a dermoid cyst.

Procedure
There are two possible positions:

 O the child lying down on the left side (particularly for 
young infants)

 O the child in the sitting position (particularly for older 
children).

FIGURE 8.5.5 Holding a child lying on their left side for a lumbar 
puncture. Note that the spine is curved to open up the spaces 
between the vertebrae.

FIGURE 8.5.6 Restraining an older child in a sitting position for a 
lumbar puncture.

When the child is lying on their side a hard surface 
should be used. Place the child on their side so that the 
vertebral column is parallel to this surface and the transverse 
axis of the back is vertical (see Figure 8.5.5).

It is helpful to have an experienced assistant present 
to hold the patient. Flex the spine maximally, but avoid 
excessive neck fl exion. Make sure that the airway is not 
obstructed and the child can breathe normally. Take particu-
lar care when holding young infants. The assistant should 
not hold a young infant by the neck or fl ex the neck to avoid 
airway obstruction.

Prepare the site
 O Use aseptic technique. Scrub your hands and wear 

sterile gloves. 
 O Prepare the skin around the site with an antiseptic 

solution. 
 O Sterile towels may be used. 
 O In older children who are alert, give a local anaesthetic 

(1% lignocaine) infi ltrated in the skin and subcutaneous 
tissue over the site. 

Identify site of insertion
Locate the space between the third and fourth lumbar verte-
brae or between the fourth and fi fth lumbar vertebrae. (The 
third lumbar vertebra is at the junction of the line between 
the iliac crests and the vertebral column.)

Use an LP needle with a stylet (22 gauge for a young 
infant, and 20 gauge for an older infant and child; if these 
are not available, routine hypodermic needles may be used). 
Insert the needle into the middle of the inter- vertebral space 
and aim the needle towards the umbilicus. 

Advance the needle slowly. The needle will pass eas-
ily until it encounters the ligament between the vertebral 
processes. More pressure is needed to penetrate this liga-
ment, and less resistance is felt as the dura is penetrated. 
In young infants this decrease in resistance is not always 
felt, so advance the needle very carefully.

Stop advancing when a ‘give’ or puncture sensation is 
felt on entering the subarachnoid space (this is often not 
felt in neonates). Frequent stylet withdrawals during the 
procedure should be undertaken to see if the CSF fl ows, 
indicating that the subarachnoid space has been success-
fully entered. The subarachnoid space is only 0.5–0.7 cm 
below the skin in premature infants and 1 cm below it in 
term infants, so it is easy to over- penetrate by mistake. 
Over- penetration leads to puncturing of the anterior ver-
tebral venous plexus and a bloody sample, so that CSF 
microscopy is less informative or perhaps impossible. The 
needle should be withdrawn and the procedure repeated 
in another disc space.

Withdraw the stylet. Obtain a sample of 0.5–1 mL of 
CSF and place it in sterile containers, allowing six drops of 
CSF to drip into each sample container.

Replace the stylet.
Withdraw the needle and stylet completely and apply 

pressure to the site for a few seconds. Put a sterile dress-
ing over the needle puncture site, and cover the whole site 
with adhesive dressing.

Send samples for the following:
1 microscopy, cell type and counts, Gram and Ziehl- 

Neelson staining, culture and sensitivity (including for 
TB) and virology. 

2 biochemistry (glucose, protein).
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Suprapubic aspiration of urine 
Indications
Usually in sick infants where urgent diagnosis is required 
and there is a palpable bladder that does not respond to 
manual expression for a clean catch.

FIGURE 8.5.7 Position for carrying out suprapubic aspiration of 
urine in an infant. (a) Side view. (b) Abdominal view. Note the angle 
of insertion of the needle.

Procedure
Use a sterile technique throughout. Advance a 23-  to 24- 
gauge needle attached to a syringe to a depth of 3 cm in the 
midline at the proximal transverse crease above the pubis. 
Withdraw the urine into a sterile syringe and transfer it to a 
sterile urine container,

Do this only in a child with a bladder containing suf-
fi cient urine, which can be demonstrated by percussion. 
Do not use urine bags to collect urine, as the specimens 
may become contaminated.

Have a clean urine jar ready in case the child passes 
urine during the procedure.

Microscopy of urine 
 O Urinary tract infections (UT1s) are common in children.
 O Although many of these infections are not serious, some 

of them cause kidney damage and lead to scarring.
 O Kidney scars can lead to high blood pressure, and to 

kidney failure later in life.
 O A child with a UTI can develop kidney damage very 

fast, in just a few days. The only way to prevent this is 
to make the diagnosis and treat it at once.

 O Urine microscopy is the only way to diagnose UTIs 
immediately and reliably.

In a patient with a UTI the urine contains:
 O one species of bacterium at a concentration of at least 

100 000/mL
 O an excess of white blood cells.

Bacterial numbers
Most children with a UTI have in the range of 10–1000 
million bacteria/mL. In fact, 100 000/mL is a very small 
number of bacteria. When urine is collected from children, 
it often becomes contaminated with a very small number 
of bacteria, and these are often of just one species. This 
means that if you rely on laboratory culture to make the 
diagnosis of UTI, you are likely to have many false- positives, 
perhaps one for every genuine case. Remember that every 
child diagnosed as having a UTI in this way will undergo 
investigations, sometimes including invasive procedures. 

White blood cells
Children frequently have extra urinary white blood cells 
without a UTI.

 O Around 10% of febrile children have hundreds of extra 
white blood cells.

 O Girls void some urine into the vagina, so vaginal white 
blood cells are readily washed into the urine (as are 
vaginal epithelial cells, which are seen in the urine of 
most girls after puberty).

Children with UTIs often have no excess of white 
blood cells.

 O White blood cells do not last long in urine, especially if it 
is alkaline, so it must be examined soon after collection.

 O Ill infants may be unable to mount a white blood cell 
response.

Therefore white blood cells alone are an unreliable and 
potentially misleading sign.

How to count bacteria
Laboratory culture
This is the most widely used method, and the traditional 
approach. It remains acceptable, but if you use it you will:

 O have to accept that some positive reports will be 
false

 O have to wait at least 48 hours for the result. In real 
life, it is often several days or a week before a positive 
lab report reaches the doctor, and treatment starts. 
Remember that kidney damage can become permanent 
within 3 days

 O have to recall patients a few days later if the culture 
grows a mixture of bacteria. This is usually caused 
by the contamination of urine as it is collected, and 
is common. It must be repeated in case a UTI was 
present as well

 O miss the occasional UTI caused by anaerobes.

Advantages of urine microscopy
If you use this method you can:

 O discard sterile urines, and reassure the child’s family 
at once

 O repeat a contaminated urine sample at once
 O treat children with UTIs immediately
 O diagnose anaerobic UTIs as easily as aerobic ones
 O save time and money because it is quicker and cheaper 

than urine culture.
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Choice of microscope
With an ordinary light microscope, bacteria are only easy 
to see after they have been stained.

Phase- contrast microscopes enable you to see 
unstained bacteria very easily, just using a drop of fresh urine 
on a glass slide. They look and work exactly the same as 
ordinary light micro scopes, except that the lens (objective) 
and the condenser (underneath) are specially modifi ed.

How to do urine microscopy
You can microscope fresh urine on a slide with a counting 
chamber. There is no need to stain or spin the urine.

The slide has two chambers, each of which has a grid 
etched on to the glass surface. In certain clinical situations, 
such as examination of peritoneal dialysis fl uid for sus-
pected peritonitis, the grid can be used to make accurate 
counts of the concentrations of elements present.

Usually this degree of accuracy is unnecessary. 
However, the grid is always useful because it confi rms 
that the microscope is focused on the urine. If you examine 
a specimen with no cells or bacteria on a plain slide it is 
impossible to be certain otherwise.

Clean the slide and a coverslip with a tissue. Breathe 
over the slide to create a ‘mist’ on it, and quickly push the 
coverslip into place. This creates a chamber 0.1 mm deep 
with a grid etched on the bottom (see Figure 8.5.8).

FIGURE 8.5.8 Side view of grid slide with coverslip in place.

Test the urine with a dipstick (to check for blood, protein 
and glucose). Then touch the tip of the dipstick on the slide 
so that a small amount of urine is drawn into the chamber 
by capillary action. 

Bacteria
 O Most bacteria that cause UTIs are bacilli (rod- shaped).
 O They are easy to identify, as they look like straight lines, 

usually about 3 mm long.
 O Mostly they remain still, or just move slightly, like a shim-

mer. This movement is caused by Brownian motion 
(which occurs when they are hit by water molecules), 
and is not due to them swimming.

 O Rarely will you see moving bacteria.

Infections also sometimes occur with streptococci, which 
are bacteria that resemble strings of beads. There are 
always some strings that are four or more cocci long. If 
you think that you can see ‘cocci’ individually, or in clumps, 
these are in fact phosphate crystals. If they appear to be 
moving, this is just the result of Brownian motion.

White blood cells
These are round, and between 3 and 5 mm in diameter. All 
white blood cells have a ‘granular’ appearance to their cyto-
plasm. In the case of the larger ones you can often make 
out the individual granules shimmering and moving within 
the cell, and the nucleus (which is lobed in neutrophils).

FIGURE 8.5.10 White blood cells.

Red blood cells
These are smaller than white blood cells, and do not have 
any content or granular appearance. 

If the red cells are present because of trauma (e.g. after 
an injury, or post surgery) or a UTI, they will either look just 
like red cells in the blood (i.e. biconcave discs), or they will 
all appear slightly shrunken and wrinkled, or slightly swollen. 
The important thing is that they all look the same.

FIGURE 8.5.11 Red blood cells.

If the red blood cells are in the urine because of kidney 
infl ammation (glomerulonephritis), they are usually smaller, 
but they are also all different shapes. This is probably 
because they get damaged as they pass down the tubules 
of the kidney. Sometimes the red cells are very bizarre 
shapes. They are referred to as ‘glomerular’ red cells.

Epithelial cells
These are very large fl at cells with an easily visible round 
nucleus. They are from the vagina, and are only seen in the FIGURE 8.5.9 Rod- shaped bacteria.
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urine of older girls, in which they are common. If large num-
bers of epithelial cells are present this suggests particularly 
heavy vaginal contamination.

FIGURE 8.5.13 Epithelial cells.

Casts
These indicate kidney infl ammation (glomerulonephritis). 
Casts consist of abnormal kidney tubule contents that have 
solidifi ed and have retained the shape of the tubule as they 
passed into the urine.

Pure protein casts look glass- like, and are described as 
hyaline. Those consisting of debris (e.g. dead tubule cells 
in acute tubular necrosis) are called granular casts. Some 
casts are composed of red or white cells. Many casts 
consist of a mixture of these.

FIGURE 8.5.14 Casts.

Debris
Contaminated urine samples often contain a variety of 
debris. Some elements have an obvious origin, such as 
cotton fi bres, but others cannot be identifi ed.

FIGURE 8.5.15 Debris.

Crystals
Urine samples often contain obvious crystals, whose shape 
allows their chemical origin to be identifi ed. However, this 
is rarely of clinical signifi cance.

The commonest ‘crystals’ in fact look more like small 
black dots, either singly, or in clumps (and even in casts). 
They move slightly (or ‘shimmer’) as a result of Brownian 
motion, and can be mistaken by the unwary for small round 
bacteria (cocci).

FIGURE 8.5.16 Crystals.

Diagnosing urinary tract infections (UTIs)
UTIs are primarily diagnosed by looking for bacteria.

Infected urine
About 99% of urine infections are caused by rod- shaped 
bacteria known as bacilli. 

In most UTIs, every fi eld you view will have many bacte-
ria (in some cases thousands), and they all look the same. 
Therefore when you see many bacteria in fresh urine, all 
with the same appearance, you can be sure that the child 
has a UTI.

If you see at least one rod, but less than 10 rods in 
the centre of the grid (square 5), you have to consider the 
possibility of contamination, so collect another sample to 
see whether the fi nding persists (and think about vaginal 
lactobacilli; see below).

What to do if you fi nd a positive microscopy
You can start treatment immediately with an appropriate 
antibiotic. In addition, send the urine for culture with direct 
sensitivities.

The laboratory will grow the bacteria to confi rm which 
species they are, and to test their sensitivity to a range of 
different antibiotics. Without direct sensitivity testing this 
takes 2 days, but with it you will usually obtain the result 
the next day.

Sterile urine 
Most urine samples will be sterile. If you see no bacteria 
or cells, check by looking at fi ve ‘size- A’ squares (i.e. about 
fi ve fi elds).

If you see nothing in that area, then you can be certain 
that the urine is not infected. 

Even if you can see other elements, if there are no 
bacteria, it is not a UTI. Remember that you will see white 
blood cells in the urine of many children with fever (e.g. due 
to tonsillitis or pneumonia). Also remember that many girls 
have white blood cells in their urine from the vagina (and 
often epithelial cells, too).

Contaminated urine
If you see any of the following, collect a repeat sample, 
as the fi rst sample is likely to have been contaminated:

 O more than one shape of bacterium

FIGURE 8.5.12 Glomerular red blood cells.
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 O some bacteria, but also a large amount of debris (e.g. 
cotton fi bres or many epithelial cells)

 O many bacteria in a urine sample that was collected 
several hours ago, or from a nappy that had been on 
the baby for several hours.

If necessary, you need to go on collecting repeat urine sam-
ples until one is either defi nitely sterile or defi nitely infected.

Vaginal contamination
Girls void some of their urine into the vagina, so normal 
female urine will contain vaginal washings. In young girls 
this makes little difference to the microscopy fi ndings. In 
older girls it is normal to see some epithelial cells (see 
Figure 8.5.13).

Also, in many older girls lactobacilli are washed into 
the urine. These are long rods, up to 4 mm or more. It is 
unusual for there to be large numbers, but they can cause 
confusion with a UTI. If you are uncertain, ask the lab either 
to Gram stain them or to culture them. Unlike the bacteria 
that cause UTIs, lactobacilli are Gram- positive.

They do not grow in conventional UTI culture media, so 
the lab will report a sterile urine. If you want to be absolutely 
certain, ask the lab to culture the urine anaerobically.

Recording the results
Labels can be printed to stick on the clinical notes. This 
is important because negative urine samples will be dis-
carded, and this will be the only record of the test.

A typical format is as follows:

URINE PHASE CONTRAST MICROSCOPY
Name: …………………………. Date: ………

MICRO – Bacteria: ………………………………..
WBC: ……………….. RBC: ………………….
Casts, etc.: ……………………………….

STICKS – Protein: ……… Blood: …………
Glucose: ……………
Other:…………………………………

ACTION – (tick one of the three options)
Urine not infected: sample discarded 
Urine contaminated: sample repeated
UTI: urine sent for culture and direct sensitivities, and 
antibiotics started

SIGN and PRINT NAME:……………………….

Counting what you see
 O For most clinical purposes it is not necessary to count 

the exact concentration of cells or bacteria that you 
see, and estimates such as ‘many’ or ‘few’ are enough.

 O Sometimes it is helpful to quantify the fi ndings more 
carefully (e.g. to monitor the numbers of casts in a child 
with glomerulonephritis).

 O Occasionally it is essential to count the exact numbers 
( e.g. the number of white blood cells is critical for the 
diagnosis and treatment of peritonitis in children on 
peritoneal dialysis from a dialysis sample).

Calculate all the counts per microlitre (µL). Count at least 
10 of each element of interest. The number and size of the 

squares you need to count will there fore depend on the 
concentration of the elements in the urine.

Figure 8.5.17 shows the etched counting grid for 
microscopy.

 O The central square (‘3’) is 1 × 1 mm.
 O With the cover- slip on, the chamber is 0.1 mm deep, so 

the central square has a volume of 0.1 µL.
 O Therefore the whole grid of nine similar squares has a 

total volume of 0.9 µL.
 O Note that 1 microlitre is one- thousandth of a mL.
 O Therefore a count of 100 000 bacteria/mL is equivalent 

to 100/µL, so a ‘signifi cant’ culture in a urinary tract 
infection would mean at least 100 bacteria/µL, or 10 
bacteria in the central square of the grid.

FIGURE 8.5.17 Counting grid for microscopy.

How to count
Very infrequent elements
Count all those in squares 1, 2, 3, 4 and 5, and multiply by 2.

Infrequent elements
Count all those in square 5, and multiply by 10.

Frequent elements
Count all those in fi ve smaller squares (e.g. squares A, B, 
C, D and E), and multiply by 50.

Very frequent elements
Count all those in square A, and multiply by 250 (for ease 
of calculation, multiply by 1000 and divide by 4).

Overwhelmingly frequent elements (usually bacteria)
Count all those in one of the smallest squares and multiply 
by 4000.

Measuring blood glucose levels
Blood glucose levels can be measured with rapid diagnos-
tic tests (e.g. Dextrostix, BM Stix) at the bedside, which 
provide an estimate of blood glucose concentration within 
a few minutes. There are several brands on the market, 
which differ slightly in how they should be used. Therefore 
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it is important to read the instructions on the box and the 
package leafl et before using these tests. 

Generally, a drop of blood is placed on the reagent strip 
and left for 30 seconds to 1 minute, depending on the brand 
of strip. The blood is then wiped off, and after another fi xed 
period of time (e.g. a further 1 minute), the colour change 
on the reagent fi eld of the strip is read. For this, the result-
ing colour is compared with a colour scale printed on the 
box. This allows the user to estimate the glucose level to 
be within a certain range (e.g. between 2 mmol/litre and 
5 mmol/litre), but it does not provide exact values. 

Some strips come with a battery- powered electronic 
reading machine. After the blood has been wiped off, the 
strip is inserted into the reading machine, which provides 
a more accurate value. 

As the reagents deteriorate with exposure to ambient 
humidity, it is important that they are kept in a closed box, 
and that the box is closed immediately after a strip has 
been removed.

8.6 Assessing nutrition, growth and development

Measuring nutritional status
Calculating the child’s weight for length
This is the most relevant measurement in nutritional 
assessment.

Measuring length
At ) 2 years
Ideally two people are needed to take this measurement, 
and the child should be supine on a fl at surface.

The fi rst person should:
 O assist in positioning the child face up on the measuring 

board, supporting the head and placing it against the 
headboard

 O position the crown of the head against the headboard, 
compressing the hair

 O check that the child lies straight along the centre line 
of the board and is not slanted, and does not change 
position (it is usual for this person to stand or kneel 
behind the headboard).

The second person should:
 O support the trunk as the child is positioned on the board
 O lie the child fl at along the board
 O place one hand on the shins above the ankles or on the 

knees and press down fi rmly, and with the other hand 
place the foot- piece fi rmly against the heels

 O measure the length (to the nearest 0.1 cm) and record 
it immediately.

The measuring board should be checked for accuracy 
every month.

At * 3 years
 O This measurement should be taken without the child 

wearing shoes.
 O The child should stand with their heels and back in 

contact with an upright wall.
 O The head is held to look straight forward with the lower 

eye sockets in line with the ears. The nose must not be 
tilted upward.

 O A weighted block at right angles to the wall is then low-
ered on to the head and a scale fi xed to the wall is read. 

 O During measurement the child should be asked to 
stretch their neck to be as tall as possible, but their 
heels must not leave the ground. The measurer should 
help to stretch the neck by fi rm pressure upward under 
the mastoid processes.

 O Measure the height immediately to within 0.1 cm.

FIGURE 8.5.19 Electronic reading device for glucose strip. The 
strip is inserted into the side of the machine after the sample has 
been timed for the reaction to take place and the blood has been 
wiped off the strip.

FIGURE 8.5.18 Blood glucose colour scale on side of bottle.
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Measuring weight
At ) 2 years

 O Leave a cloth in the weighing pan to prevent chilling 
of the child.

 O Adjust the scales to zero with the cloth in the pan.
 O Place the naked child gently on the cloth in the weigh-

ing pan.
 O Wait for the child to settle and the weight to stabilise.
 O Measure the weight (to the nearest 10 grams) and record 

it immediately.

Standardisation of the scales should be performed weekly 
or whenever the scales are moved.

At * 3 years
 O The child should be weighed naked or, if pants are worn, 

0.1 kg should be subtracted from the weight measured.
 O The bladder should be emptied before weighing.

Determining the child’s percentage weight 
for length or SD weight for length
See Figure 8.6.1.

 O Locate the row containing the child’s length in the central 
column of the table. 

 O Look to the left in that row for boys, and to the right 
for girls.

 O Note where the child’s weight lies with respect to the 
weights recorded in this row.

 O Select the weight closest to that of the child.
 O Look up this column to read the weight for length of 

the child.

Note: Although the interpretation of a fi xed percent- of- 
median value varies across age and height, and generally 

the two scales cannot be compared, the approximate 
percent- of- the median values for –1 SD and –2 SD are 90% 
and 80% of the median, respectively (Bulletin of the World 
Health Organization, 1994, 72, 273–83).

Length is measured below 85 cm; height is measured 
at 85 cm or above. Recumbent length is on average 0.5 cm 
greater than standing height, although the difference is of 
no importance to the individual child. A correction may be 
made by deducting 0.5 cm from all lengths above 84.9 cm 
if the standing height cannot be measured.

Example 1. Boy of length 61 cm and weight 5.3 kg: this 
child is –2 SD weight for length (84% of the median: 5.3 
divided by 6.3 × 100).

Example 2. Girl of length 67 cm and weight 4.3 kg; this 
child is less than –4 SD weight for length (less than 60% 
of the median: 57%).

Monitoring weight gain
Calculating weight gain
The example below is for weight gain over 3 days, but the 
same procedure can be applied to any inter val.

 O Subtract the child’s weight (in grams) that was measured 
3 days earlier from their current weight.

 O Divide by three to calculate the average daily weight 
gain (grams/day).

 O Divide by the child’s average weight (in kg) to cal culate 
the daily weight gain per unit body weight (grams/kg/
day).

Monitoring charts: explanation of the charts 
on the following pages
Figure 8.6.2 shows a weight chart which has been used to 
monitor the weight gain of a severely malnourished child. 
The horizontal ‘x’ axis repre sents the number of days after 
admission, while the vertical ‘y’ axis represents the weight 
of the child in kilograms (kg).

FIGURE 8.6.1 Weight- for- length reference chart (below 87 cm). 
SD = standard deviation score or Z- score. Based on World Health 
Organization data. FIGURE 8.6.2 Personalised weight chart for child.
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 O Notice that the weight in kilograms is stepped in 0.5- kg 
increments. In this example, the range has been written 
in from 5.0 to 7.5 kg to provide a suitable range for this 
individual child’s expected growth. 

 O For other children, fi ll in the starting weight at the appro-
priate level (e.g. 5 kg, 5.5 kg, 6 kg, etc., or 7 kg, 7.5 kg, 
8 kg, etc.).

 O Choosing an appropriate starting weight like this is 
preferable to using a chart with weights marked from 0, 
because this more fl exible chart gives a larger scale and 
thus shows the pattern of change much more clearly.

Figure 8.6.3 shows a blank intake and output chart for 
recording the food given to an individual patient, the amount 
con sumed, and any losses through vomiting or diarrhoea. 

FIGURE 8.6.3 Twenty- four- hour food intake chart. 

Additional measurements for assessing 
nutritional status
Mid upper arm circumference (MUAC)

 O This is measured with non- stretchable tape placed 
around the arm midway between the elbow and the 
shoulder.

 O The tape should be gently tightened, but not so much 
that it compresses the underlying tissues.

 O This measurement includes fat and muscle.

Normal values of MUAC for a child aged 1–5 years are 
in the range 14.0–16.5 cm.

For a child aged 1–5 years, a MUAC of < 12.5 cm 
indicates that the child is defi nitely malnourished, and a 
MUAC in the range 12.5–13.5 cm indicates that they are 
probably malnourished.

Triceps skinfold thickness
Special skinfold callipers are used to measure the double 
layer of skin and subcutaneous fat overlying the triceps 
muscle when the skinfold is lifted.

Measuring growth and development
Individual measurements of weight and height/length can 
be plotted sequentially on charts to identify any failure of 
growth. See the charts below for height and weight for boys 
and girls. These charts also include data for infants born 
prematurely, as well as head circumference measurements.

FIGURE 8.6.4 Weight chart for girls from birth to 2 years. Based on 
World Health Organization data.

FIGURE 8.6.5 Supine length and head circumference chart for 
girls from birth to 2 years. Based on World Health Organization 
data.

FIGURE 8.6.6 Weight chart for boys from birth to 2 years. Based 
on World Health Organization data.
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FIGURE 8.6.7 Supine length and head circumference chart for 
boys from birth to 2 years. Based on World Health Organization 
data.

FIGURE 8.6.8 Weight chart for girls aged 2–18 years. Based on 
World Health Organization data.

FIGURE 8.6.9 Height chart for girls aged 2–18 years. Based on 
World Health Organization data.

Measurement of head circumference
 O Use a non- stretchable tape.
 O Measure around the forehead above the eyebrows to 

the maximum occipital point.
 O Measure twice for accuracy.

Assessment of pubertal state
Girls
The following should be recorded.

Breast development
 O Stage 1. Pre- adolescent: elevation of papilla only.
 O Stage 2. Breast bud stage: elevation of breast and 

papilla as a small mound, and enlargement of areola 
diameter.

 O Stage 3. Further enlargement and elevation of breast 
and areola, with no separation of their contours.

 O Stage 4. Projection of areola and papilla to form a sec-
ondary mound above the level of the breast.

FIGURE 8.6.10 Weight chart for boys aged 2–18 years. Based on 
World Health Organization data.

FIGURE 8.6.11 Height chart for boys aged 2–18 years. Based on 
World Health Organization data.
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 O Stage 5. Mature stage: projection of papilla only, due 
to recession of the areola to the general contour of the 
breast.

Pubic hair
 O Stage 1. Pre- adolescent: the vellus over the pubes is 

not further developed than that over the abdominal wall 
(i.e. there is no pubic hair).

 O Stage 2. Sparse growth of long, slightly pigmented 
downy hair, straight or slightly curled, chiefl y along the 
labia.

 O Stage 3. Hair is considerably darker, coarser and more 
curled, and spreads sparsely over the junction of the 
pubes.

 O Stage 4. Hair is now adult in type, but the area covered 
is still considerably smaller than in the adult; there is no 
spread to the medial surface of the thighs.

 O Stage 5. Hair is adult in quantity and type, with distribu-
tion of the horizontal (or classically ‘feminine’) pattern; 
there is spread to the medial surface of the thighs but 
not up the linea alba or elsewhere above the base of 
the inverse triangle (spread up the linea alba occurs late, 
and is rated as Stage 6).

Document whether axillary hair is present.
Document age at menarche.

Boys
The following should be recorded.

Genital (penis) development
 O Stage 1. Pre- adolescent: the testes, scrotum and penis 

are of about the same size and proportion as in early 
childhood.

 O Stage 2. Enlargement of the scrotum and testes. The 
skin of the scrotum reddens and changes in texture. 
There is little or no enlargement of the penis at this stage.

 O Stage 3. Enlar gement of the penis, which initially is 
mainly an increase in length. Further growth of the testes 
and scrotum.

 O Stage 4. Further enlargement of the penis, with an 
increase in breadth and development of the glans. The 
testes and scrotum are larger, and the scrotal skin is 
darkened.

 O Stage 5. Genitals are adult in size and shape.

Pubic hair
 O Stage 1. Pre- adolescent: the vellus over the pubes is 

not further developed than that over the abdominal wall 
(i.e. there is no pubic hair).

 O Stage 2. Sparse growth of long slightly pigmented 
downy hair, straight or slightly curled, chiefl y at the base 
of the penis.

 O Stage 3. Hair is considerably darker, coarser and more 
curled, and spreads sparsely over the junction of the 
pubes.

 O Stage 4. Hair is now adult in type, but the area covered 
is still considerably smaller than in the adult; there is no 
spread to the medial surface of the thighs.

 O Stage 5. Hair is adult in quantity and type, with spread 
to the medial surface of the thighs but not up the linea 
alba or elsewhere above the base of the inverse triangle 
(spread up the linea alba occurs late, and is rated as 
Stage 6).

Document whether axillary hair is present.

Testicular volume
The approximate volume at each genital stage is shown.

 O Stage 1: 1.5–3 mL. 
 O Stage 2: 4–6 mL.
 O Stage 3: 6–10 mL. 
 O Stage 4: 10–12 mL. 
 O Stage 5: 15–20 mL.

Source: The standard illustrations in Tanner JM (1962) 
Growth at Adolescence, 2nd edn. Oxford: Blackwell 
Scientifi c Publications.
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Normal values for vital clinical signs 
Estimating the weight of a child in an 
emergency
For an infant (defi ned as up to 12 months old), the birth 
weight:

 O doubles by 5 months 
 O triples by 1 year

 O quadruples by 2 years.

After 12 months, the following formula can be applied, but 
it may need to be modifi ed according to whether the child 
is small or large compared with the average:

Weight (kg) = 2 (age in years + 4).

Normal vital signs 

TABLE 9.1 Normal vital signs by age in children and in pregnant women and girls

Age (years) Heart rate (beats/minute) Systolic blood pressure (mmHg) Respiratory rate (breaths/minute)

< 1 110–160 70–90 (> 60) 30–40

1–2 100–150 80–95 (> 70) 25–35

2–5 95–145 80–100 (> 75) 25–30

5–12 80–120 90–110 (> 75) 20–25

> 12 60–100 100–120 15–20

Pregnant women and girls 70–110* 95–135 15–20

*Heart rate in pregnancy increases by 10–15 bpm.

WHO defi nes tachycardia as > 160 bpm if < 1 year; > 120 bpm if 1–5 years and if > 110 bpm in pregnancy consider shock may be 
developing or present.

WHO considers fast breathing is present if < 2 months respiratory rate * 60 bpm; for children aged 2 months to 12 months if 
respiratory rate is *50 bpm and for children 1–5 years if respiratory rate is * 40 bpm.

TABLE 9.2 Normal heart rates when awake and asleep

Age group Heart rate when awake (beats/minute) Heart rate when asleep (beats/minute)

Newborn to 3 months 90–190 90–160

3 months to 2 years 80–150 80–120

2–10 years 70–120 70–90

10 years to adulthood 55–90 50–90

TABLE 9.3 Normal systolic and diastolic blood pressure

Age group Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

Birth (12 hours, 3 kg) 50–70 25–45

Neonate (96 hours) 60–80 20–60

Infant 80–90 53–66

2–4 years 95–105 53–66

7 years 97–112 57–71

15 years 112–128 66–80

In pregnancy 95–135* 60–85

*In pregnancy if systolic BP is < 90 mmHg consider shock may be present and if < 95 mmHg investigate for possible indicators of 
developing shock.

Blood pressure is diffi cult to measure and interpret in infants 
and children under 5 years of age. Do not base decisions 
to treat hypertension on the results of electronic sphyg-
momanometers, as they can be inaccurate. Always check 
with a hand- pumped machine.

The following quick formula can be used to calculate 
normal systolic pressure in children: 

Median (50th centile) systolic blood pressure in 
children = 85 + (2 × age in years).
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Capillary refi ll time
The normal capillary refi ll time (CRT) is up to 3 seconds. 
It is important to be aware that in colder environments 
peripheral CRT is not a reliable test of perfusion. 

Urine output
WHO recommendations are as follows:

 O Infants: 2 mL/kg/hour
 O Children: 1 mL/kg/hour
 O Pregnant adults: > 30 mL/hour or > 100 mL every 

4 hours.

Normal core body temperatures 
 O Infants: 36.5–37.5°C (97.7–99.5°F)
 O Children: 36.0–37.2°C (96.8 – 98.6°F).

If an infant or child has a temperature of 37.5°C or more, 
a fever is present.

To convert °C to °F multiply by 9, then divide by 5 then 
add 32.

To convert °F to °C deduct 32, then multiply by 5, then 
divide by 9.

Circulating blood volume 
 O At birth: 100 mL/kg
 O At 1 year of age: 80 mL/kg
 O At 12 years of age: 70 mL/kg
 O In pregnancy: 100 mL/kg.

Normal values for laboratory 
measurements
Haematology

TABLE 9.4 Normal laboratory values for haemoglobin concentration

Age Haemoglobin concentration (grams/dL)

1–3 days 14.5–22.5

2 weeks 14.5–18.0

6 months 10.0–12.5

1–5 years 10.5–13.0

6–12 years 11.5–15.0

12–18 years:

Male 13.0–16.0

Female 12.0–16.0

TABLE 9.5 Normal laboratory values for platelet count 

Age group Platelet count (× 109/litre)

Newborn 84–478 

Child 150–400

TABLE 9.6 Normal laboratory values for erythrocyte sedimentation 
rate (ESR), white blood cell count (WBC) and lymphocyte count

Age group ESR (mm/hour)

All ages 0–10

Age group WBC (× 10 9/litre)

1–2 days 9.0– 34.0

Neonate 6.0–19.5

1–3 years 6.0–17.5

4–7 years 5.5–15.5

8–13 years 4.5–13.5

* 13 years 4.5–11.0 

Age group Median lymphocyte count (× 10 9/litre)

> 1 year 4.1–6.0
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Chemistry

TABLE 9.7 Chemistry: normal laboratory values

Substance Age Normal range 

Albumin (grams/litre) Preterm 18–30

Full term to 7 days 25–34

< 5 years 39–50

5–19 years 40–53

Amylase (units/litre) All ages 30–100 

ASO titre (Todd units) 2–5 years 120–160

6–9 years 240

10–12 years 320

Bicarbonate (mmol/litre) All ages: 

Arterial 21–28

Venous 22–29

Bilirubin (conjugated) (µmol/litre) > 1 year 0–3.4

Calcium (mmol/litre) 0–24 hours 2.3–2.65 (1.07–1.27 ionised)

24 hours to 4 days 1.75–3.00 (1.00–1.17 ionised)

4–7 days 2.25–2.73 (1.12–1.23 ionised)

Child 2.15–2.70 (1.12–1.23 ionised)

Chloride (mmol/litre) Neonate 97–110

Child 98–106

Creatinine (µmol/litre) Neonate 27–88

Infant 18–35

Child 27–62

Glucose (mmol/litre) Preterm neonate 1.4–3.3

0–24 hours 2.2–3.3

Infant 2.8–5.0

Child 3.3–5.5

Magnesium (mmol/litre) 0–7 days 0.48–1.05 

7 days to 2 years 0.65–1.05

2–14 years 0.60–0.95

Osmolarity (mosmol/litre) Child 276–295 (serum)

Potassium (mmol/litre) < 2 months 3.0–7.0

2–12 months 3.6–6.0

Child 3.5–5.5

Sodium (mmol/litre) Neonate 136–146

Infant 139–146

Child 135–145

Urea (mmol/litre) Neonate 1.0–5.0

Infant 2.5–8.0

Child 2.5–6.6
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Oxygen saturation (SpO2)
The normal range is 95–100%, although oxygen satura-
tion depends on altitude, and corrections will be needed 
for those living more than 1000 metres above sea level. 

Table 9.8 lists the oxygen saturation levels measured in 
studies conducted at a range of different geographical 
locations above sea level.

TABLE 9.8 SpO2 levels measured at a range of different altitudes

Altitude Location n Age group SpO2 (%) Author(s) Year of study

Sea level UK 70 2–16 years
Mean 8 years

Range: 95.8–100
Median: 99.5

Poets et al. 1993

Sea level Peru 189 2 months to 5 years Range: 96–100
Mean: 98.7

Reuland et al. 1991

1610 m Colorado 150 < 48 hours

3 months

95% CI: 88–97
Mean: 93
95% CI: 86–97
Mean: 92.2

Thilo et al. 1991

1670 m Nairobi 87 7 days to 3 years Range: 89.3–99.3
Mean: 95.7

Onyango et al. 1993

2640 m Bogota 189 5 days to 2 years Range: 84–100
Mean: 93.3

Lozano et al. 1992

2800 m Colorado 72 3–670 days Range: 88–97
Mean: 91.7

Nicholas et al. 1993

3100 m Colorado 14 6 hours to 4 months
1 week
4 months

Range: 81–91
Mean: 80.6±5.3
Mean: 86.1±4.6

Niemeyer et al. 1993

3658 m Tibet* 15 6 hours to 4 months Immigrant: 76–90
Indigenous: 86–94

Niemeyer et al. 1995

3750 m Peru 153 2–60 months Range: 81–97
Mean: 88.9

Reuland et al. 1991

Values shown are those in quiet sleep.

*Ranges are values for those born to immigrant Chinese mothers and for those indigenous babies whose families have lived at that 
altitude for innumerable generations.

Blood gases (normal arterial range)
 O pH: 7.35–7.45.
 O pCO2: 4.5–6.0 kPa (35–45 mmHg).
 O pO2: 10–13 kPa (75–98 mmHg).
 O Standard bicarbonate: 21–27 mmol/L

In pregnancy:
 O pH: 7.40–7.46
 O pCO2: 3.7–4.2 kPa (28–32 mmHg)
 O Standard bicarbonate: 18–21 mmol/L

Circulating blood volume 
 O At birth: 100 mL/kg.
 O At 1 year: 80 mL/kg.
 O At 12 years: 70 mL/kg.
 O In pregnant women and adolescent girls: 100 mL/kg.

Equivalent values for certain drugs used in 
an emergency
1 mg of prednisone or prednisolone is equivalent to 4 mg 
of hydrocortisone and 150 micrograms of dexamethasone 
or betamethasone.

Adrenaline (epinephrine) 1 in 1000 contains 1000 micro-
grams in 1 mL.

Adrenaline (epinephrine) 1 in 10 000 contains 100 
micrograms in 1 mL.

Measurements of medical supplies 
Uncuffed tubes in children under 25 kg in 
weight (aged 6–7 years)
Internal diameter of endotracheal tube:

 O Full- term baby: 3.0–3.5 mm.
 O Age < 1year: 4.0–4.5 mm.
 O Age > 1 year: size of tube = age/4 + 4 mm.

Length of endotracheal tube:

Age in years + 12 in cm (oral tube).
2

Age in years + 14 in cm (nasal tube).
2

French gauge Fr = circumference of tube in mm.
Urinary catheters: for neonate to 1 year of age* 5–6 

Fr; from 2 to 8 years 6–8 Fr; from 8 to12 years 10–2 
Fr; from 13 to 18 years 12–16 Fr and in pregnancy 
from 14–16 Fr.

*Feeding tubes may be used but are not ideal
Nasogastric tubes: birth to 5 months size 8 Fr; 

6 to 12 months size 10 Fr; 1 to 3 years 10–12 Fr; 4 to 
7 years 12 Fr; 8 to 12 years 12–14 Fr; 12 to 18 years 
14–18 Fr; in pregnancy 16–20 Fr.
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Fluid and electrolyte management
Normal requirements for fl uid
The blood volume is about 100 mL/kg at birth, falling to 
about 80 mL/kg at 1 year of age. The total body water 
content ranges from 800 mL/kg in the neonate to 600 mL/
kg at 1 year of age and thereafter. Of this, about two- thirds 
(400 mL/kg) is intracellular fl uid, the rest being extracellular 
fl uid. Thus initial expansion of vascular volume in a state of 
shock can be achieved with relatively small volumes of fl uid: 
20 mL/kg (a quarter of the blood volume) will usually suffi ce. 
However, this volume is only a fraction of that required to 
correct dehydration, as the fl uid has been lost from all body 
compartments in this condition. Clinically, dehydration is 
not detectable until more than 3–5% (30–50 mL/kg) of the 
body fl uid has been lost.

It is important to remember that although fl uid must 
be given quickly to correct loss of circulating fl uid from the 
blood compartment (i.e. in shock, except in malnutrition; 
see Section 5.10.B), it must be given carefully in dehydra-
tion (see Section 5.5.B).

Fluids in neonates after the first 3 days of life 
are often prescribed on the basis of 150 mL/kg/day. 
However, this is not related to fl uid needs, but is merely 
the volume of standard formula milk required to give 
an adequate protein and calorie intake.

Fluid requirement can be divided into four types:
1 for replacement of insensible losses (through sweating, 

respiration, gastrointestinal loss, etc.)
2 for replacement of essential urine output (the mini-

mal urine output to allow excretion of the products of 
metabolism, etc.)

3 extra fl uid to maintain a modest state of diuresis
4 fl uid to replace abnormal losses (e.g. blood loss, severe 

diarrhoea, diabetic polyuria losses, etc.).

A useful formula for calculating normal fl uid requirement is 
provided in Table 9.9. It is simple, can be applied to all age 
ranges and is easily subdivided. The formula gives total fl uid 
requirements – that is, types (1), (2) and (3) listed above.

TABLE 9.9 Normal fl uid requirements

Body weight Volume of fl uid 
(mL/24 hours)

Volume of fl uid 
(mL/hour)

Na+ (mmol/
24 hours/kg)

K+ (mmol/
24 hours/kg)

Energy (kcal/
24 hours)

Protein (grams/
24 hours)

First 10 kg 100 4 2.0–4.0 1.5–2.5 110 3

Second 10 kg 50 2 1.0–2.0 0.5–1.5 75 1

Subsequent kg 20 1 0.5–1.0 0.2–0.7 30 0.75

For example:
 O an infant weighing 6 kg would require 600 mL per day
 O a child weighing 14 kg would require 1000 + 200 = 

1200 mL per day
 O a child weighing 25 kg would require 1000 + 500 + 100 

= 1600 mL per day.

In practice, the healthy child only drinks when they are 
thirsty, but it is useful to have an idea of how much fl uid a 
child should be expected to need. Of course, if there are 
excess losses, as in diarrhoea or fever, or if the ambient 
temperature is especially high, leading to high insensible 
losses, more fl uid is required. Except in cardiac or renal 
disease, a good way to check whether a child is taking in 
enough fl uid is to see whether they have a satisfactory urine 
output of at least 2 mL/kg/hour. 

Average fl uid requirements in pregnancy are 1500–
2500 mL/day. This depends on levels of activity, ambient 
temperature and whether or not the mother has a fever. 

Rehydration
Fluid defi cit + normal fl uid requirements + ongoing losses 
(sweat, diarrhoea, vomit, etc.).

Fluid defi cit (mL) = percentage dehydration × weight 
(kg) × 10.

Ongoing losses: 
 O After each loose stool: 

 — age < 2 years: 50–100 mL
 — age * 2 years: 100–200 mL

 O After each vomit: 2 mL/kg body weight.

Some useful information about biochemical 
measurements

 O 1 ounce = 28 mL
 O Percentage solution = number of grams in 100 mL (e.g. 

10% dextrose = 10 grams in 100 mL).
 O One millimole = molecular weight in milligrams.
 O Some useful atomic weights:

hydrogen 1.0
carbon 12.0
nitrogen 14.0
oxygen 16.0
sodium 23.0
phosphorus 31.0
chlorine 35.5
potassium 39.1
calcium 40.1

Therefore, for example:
1 mmol NaCl = 58.5 mg
1 mmol NaHCO3 = 84 mg
1 mmol KCl = 74.6 mg.

 O The equivalent weight of an electrolyte = molecular 
weight/valency (e.g. Ca = 40/2).

 O Useful fi gures to know:
 — 30% NaCl = 5 mmol/mL each of Na+ and Cl–

 — 0.9% NaCl = 0.154 mmol/mL each of Na+ and Cl–

 — 15% KCl (15 grams/100 mL) = 2 mmol/mL each of 
K+ and Cl– (also called concentrated or strong KCl)

 — 10% calcium gluconate (10 grams/100 mL) = 
0.225 mmol/mL (note that 1 mL of calcium chloride 
10% is equivalent to 3 mL of calcium gluconate 10%)

 — 8.4% NaHCO3 = 1 mmol Na+ and 1 mmol HCO3
–/mL
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 — 1 mL/hour of normal saline = 3.7 mmol Na+ in 
24 hours.

 O Serum osmolarity = 2(Na+ + K+) + glucose + urea (nor-
mally 285–295 mosmol/litre).

Normal requirements for electrolytes (unless 
there are excessive losses)
There are obligatory losses of electrolytes in stools, urine 
and sweat, and these require replacement. Any excess is 
simply excreted in the urine. 

TABLE 9.10 Electrolyte content of body fl uids

Fluid Na+ (mmol/litre) K+ (mmol/litre) Cl– (mmol/litre) HCO3
– (mmol/litre)

Plasma 135–145 3.5–5.5 98–108 20–28

Gastric fl uid 20–80 5–20 100–150 0

Intestinal fl uid 100–140 5–15 90–130 13–65

Diarrhoea 7–96 34–150 17–164 0–75

Sweat < 40 6–15 < 40 0–10

TABLE 9.11 Normal water and electrolyte requirements in pregnancy

Maintenance 
requirements/24 hours

Volume of fl uid (mL/day) Sodium requirement (mmol/
day)

Potassium requirement 
(mmol/day)

1500–2500 150 100

Commonly available crystalloid and colloid 
fl uids

TABLE 9.12 Commonly available crystalloid fl uids

Fluid Na+ (mmol/litre) K+ (mmol/litre) Cl– (mmol/litre) Energy (kcal/
litre)

Isotonic crystalloid fl uids

Saline 0.9% (normal) 150 0 150 0

Glucose 5% (50 mg/mL) 0 0 0 200

Hartmann’s solution or Ringer- lactate solution* 131 5 111 0

Hypertonic crystalloid fl uids

Saline 0.45%, glucose 5% 75 0 75 200

Glucose 10% (100 mg/mL) 0 0 0 400

Glucose 50% 0 0 0 2000

*Hartmann’s or Ringer- lactate solution also contains HCO3
– as lactate 29 mmol/litre and calcium 2 mmol/litre.

To make 10% glucose/dextrose solution in Ringer- lactate/
Hartmann’s or 0.9% saline, remove 100 mL from a 500 mL 
bag and inject into it in a sterile manner 100 mL of 50% 
dextrose/glucose.

To make 5% glucose/dextrose solution in Ringer- 
lactate/Hartmann’s or 0.9% saline, remove 50 mL from a 
500 mL bag and inject into it in a sterile manner 50 mL of 
50% dextrose/glucose.

To make a 10% solution of glucose for injection in 
treating hypoglycaemia and if there is only 50% dextrose/
glucose solution available:

 O either dilute 10 mL of the 50% solution in 40 mL of 
sterile water 

 O OR add 10 mL of 50% dextrose to 90 mL of 5% glucose 
which will give an approximate 10% glucose solution.

TABLE 9.13 Commonly available colloid fl uids

Colloid Na+ (mmol/litre) K+ (mmol/litre) Ca2+ (mmol/litre) Duration of action 
(hours)

Comments

Albumin 4.5% 150 1 0 6 Protein buffers

Gelofusine 154 < 1 < 1 3 Gelatine

Haemaccel 145 5 12.5 3 Gelatine

Pentastarch 154 0 0 7 Hydroxyethyl starch

Drop factor for IV infusions
Fluids can be calculated in drops/minute as follows. First 
identify from the IV giving set what the ‘drop factor’ is (for 
standard giving sets this may be 10, 15 or 20 drops = 
1 mL). For micro- drop systems, which often accompany 

giving sets with burettes, 1 mL = 60 drops. When setting 
the infusion rate with the fl ow controller on the giving set 
below the chamber where the drops occur, always set and 
count the rate over a full minute.
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Calculating drip rates for a standard giving 
set with a drop factor of 20 drops/mL

 O One mL = 20 drops in standard giving set.
 O Number of drops/minute = mL/hour with a standard 

giving set divided by 3.

With a micro-dropper infusion giving set with a drop factor 
of 60 drops/mL, 1 mL = 60 micro-drops.

Measuring neurological state 
A = ALERT
V = responds to VOICE
P = responds to PAIN = Glasgow Coma Scale score of ) 8.
U = UNRESPONSIVE

Hypoglycaemia: defi nition and blood glucose 
conversion
Hypoglycaemia is defi ned as a blood glucose concentration 
of < 2.5 mmol/litre or < 45 mg/dL.

1 mmol/litre = 19 mg/dL of glucose.

Examples of charts that can be used to monitor patients in hospital

FIGURE 9.1 Example of a prescription chart.



885

Appendix

Ward :

Name :       Hospital number : 

Age :   Weight :   Date of admission : 

Date………………..…..Feed……..……………………feeds of…………………mL each= 
…………….…….mL per day 
Time Type of feed Volume 

offered 
(mL) 

Volume  
left in 

cup (mL) 

Amount 
taken by 

child 
(mL) 

Vomit 
estimate 

(mL) 

Watery 
diarrhoea
(Yes/No) 

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

Total:   Subtotal  Total 
taken in 
24 hours 

FIGURE 9.2 Twenty- four- hour food intake chart.
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PAEDIATRIC DEPARTMENT: MULAGO HOSPITAL 
TREATMENT CHART 

NAME :……………………………………………………………….DATE OF BIRTH 
:……………………………..UNIT NO : 

DATE 
PRESCRIBED

 

DRUG DOSE ROUTE REGIMEN DATE
 

      
 

06        
12        
14        
18        
22        

    

24        
 

06        
12        
14        
18        
22        

    

24        
 

06        
12        
14        
18        
22        

    

24        
 

06        
12        
14        
18        
22        

    

24        
 

06        
12        
14        
18        
22        

 PARACETAMOL  Oral/NG 

24        
STAT DOSES OF DRUGS OR FLUID DATE TIME GIVEN 
       
       
       
       
       
INTRAVENOUS FLUID 
            

            

BLOOD PRODUCTS 
            

            

FIGURE 9.3 Drug and intravenous fl uid chart. NG, nasogastric.
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PAEDIATRIC DEPARTMENT: MULAGO HOSPITAL 
CARE CHART 

NAME: ……………………………..…AGE: ……………DATE OF ADMISSION: …..………………HOSPITAL 
NO: …………... 

DATE       
TIME       
       
TEMPERATURE       
PULSE        
RESPIRATORY RATE       
BLOOD PRESSURE       
02 SA%       
AVPU       
WEIGHT       
       
OXYGEN THERAPY       
CONVULSIONS       
       

FLUIDS: RECORD AMOUNT AND TYPE 

INTRAVENOUS 1       

 2       

NASOGASTRIC 1       

 2       

ORAL 1       

 2       

24-HOUR TOTAL INPUT 

OUTPUT: URINE       
OUTPUT: STOOL       
OUTPUT: VOMIT       
       
BLOOD PRODUCTS       

POSITION CHANGE       
SKIN CARE       
EYE CARE       
MOUTH CARE       
PAIN RELIEF       
       
GENERAL ASSESSMENT       

HEALTH EDUCATION       

 
OUTCOME: 
…………………………………………………………………….……………………………………………………………………
……………………. 

FIGURE 9.4 Chart for clinical observations with fl uid input and output. AVPU scale: A = alert, V = responds to verbal stimulus, P = 
responds to pain, U = unresponsive. 
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Date:         Hospital record number:  

1  Child’s name: Mother’s name: 

    Age: Weight on admission: 

2  Diagnoses / main problems: 

    1 

    2 

    3 

    4 

3  Vital signs  Day 1 Day 2 Day 3 Day 4 

• Conscious level (AVPU)                  

• Temperature                  

• Respiratory rate                  

• Pulse rate                  

4  Fluid balance (record volumes and times) 

   IV                  

   By nasogastric tube                  

   Oral                  

   Fluid output                  

5  Treatments given (sign on chart when given) 

    Name of treatment:                                                   Dose:  

   1                  

   2                     

   3                  

   4                  

6  Feeding / nutrition 

   Child breastfed                  

   Drink taken                     

   Food taken                  

   Feeding problems (give details)                  

   Weight                  

7  Outcome (circle one of the following): Discharged well / Absconded / Transferred / Died 

FIGURE 9.5 Chart for monitoring vital signs, fl uid balance, treatments given and feeding/nutrition. AVPU scale: A = alert, V = responds to 
verbal stimulus, P = responds to pain, U = unresponsive.
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NEONATAL SPECIAL CARE BABY UNIT: MULAGO HOSPITAL 
CARE CHART 

NAME:  …………………………………………………………….DATE OF BIRTH: ……………………….UNIT 
NO:  ……………………………. 

       DATE 
AM PM AM PM AM PM AM PM AM PM AM PM AM PM 

TEMPERATURE               

PULSE RATE               

RESPIRATORY 
RATE 

              

               

CONVULSIONS               

WEIGHT        

MILK FEEDS  
NG / ORAL 

1        

 2        

INDICATE 3        

IF 4        

OTHER 5        

THAN 6        

MILK 7        

 8        

        

IV FLUIDS        

BLOOD 
PRODUCTS 

       

24-HOUR INPUT 
TOTAL 

       

OXYGEN 
THERAPY 

       

PHOTOTHERAPY        

        

OUTPUT: URINE        

OUTPUT: STOOL        

        

        

FIGURE 9.6 Neonatal care chart. NG, nasogastric.
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NEONATAL SPECIAL CARE BABY UNIT: MULAGO HOSPITAL  
TREATMENT CHART  

NAME: ……………… …………………………………………….DATE OF BIRTH : …………………………………….UNIT NO : ………………  

DATE 
PRESCRIBED  

DRUG DOSE ROUTE REGIMEN DATE       

 
    06        
    12        
    14        
    18        
    22        
    24        
 
    06        
    12        
    14        
    18        
    22        
    24        
 
    06        
    12        
    14        
    18        
    22        
    24        
 
    06        
    12        
    14        
    18        
    22        
    24        
 
    06        
    12        
    14        
    18        
    22        
    24        
 
STAT DOSES OF DRUGS OR FLUID  DATE TIME GIVEN 
 
 VITAMIN K   IV / IM          
            
            
            
INTRAVENOUS FLUID  
            

            

BLOOD PRODUCTS  
            

FIGURE 9.7 Neonatal treatment chart.
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FIGURE 9.8 Chart for vital signs in children.
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FIGURE 9.9 Advice card for mothers.
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Estimating body surface area
In paediatrics, body surface area is commonly used to 
calculate some drug dosages. This is because in children 
beyond the neonatal period, metabolic rate, renal clearance 
and some other bodily functions vary more closely with 
surface area than they do with weight.

In practice, using surface area as the basis for prescrib-
ing means that smaller children receive relatively more drug 
than they would if weight was being used. 

For many drugs, the therapeutic margin is wide enough 
for it not to matter which method of dosage calculation is 
used, but for some it makes a signifi cant difference, and 

avoids ineffective under- prescribing in smaller children. 
Examples of drugs for which it should be used are most 
cancer chemotherapy agents, and corticosteroids.

Although there are several widely used formulae and 
nomograms that relate surface area to body weight and 
height, Boyd’s self- adjusting power equation that relates 
it to body weight alone has been shown to be the most 
reliable method of estimation. A major advantage is that 
for any particular weight, it is merely necessary to read 
the surface area from a table (see Table 9.14). This is not 
only quicker, but it also reduces the risk of making an error 
almost to zero.

TABLE 9.14 Surface area and weight

Weight (kg) Surface 

area (m2)

Weight (kg) Surface area

(m2)

Weight (kg) Surface area

(m2)

0.7 0.07 12 0.56 38 1.23

1.0.0 0.10 13 0.59 40 1.27

1.6 0.14 14 0.62 42 1.32

2.0.0 0.16 15 0.65 44 1.36

2.6 0.19 16 0.68 46 1.40

3.0.0 0.21 17 0.71 48 1.44

3.6 0.24 18 0.74 50 1.48

4.0.0 0.26 19 0.77 52 1.52

4.5 0.28 20 0.79 54 1.56

5.0.0 0.30 22 0.85 56 1.60

5.5 0.33 24 0.90 58 1.63

6.0.0 0.35 26 0.95 60 1.67

7.0.0 0.38 28 1.00 65 1.76

8.0.0 0.42 30 1.05 70 1.85

9.0.0 0.46 32 1.09 75 1.94

10. 0.49 34 1.14 80 2.03

11. 0.53 36 1.19 90 2.19

WHO/UNICEF child growth standards 
(2009) and the identifi cation of severe 
acute malnutrition in infants and 
children under 5 years of age
(See Figure 9.10 and Figure 9.11)
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FIGURE 9.10 Weight- for- length reference chart (below 87 cm). Based on World Health Organization data.
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FIGURE 9.11 Weight- for- length reference chart (87 cm or above). Based on World Health Organization data.
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References to fi gures are in italics; refer-
ences to tables and boxes in bold.

5HT3 antagonists 580
7- valent pneumococcal conjugate 95
8- aminoquinolines 745

AAFB (alcohol and acid- fast bacilli) 703–4
abacavir (ABC) 275, 698, 715, 717
ABC (Airway: Breathing and Circulation), in 

advanced life support 55; in anaesthesia 
126; in APH 185; and inverted uterus 
250; and meningococcal disease 651; 
and morphine 20; in pulmonary embo-
lism 224; in shock 171, 545; in trauma 
770–1, 778, 780

ABCD (Airway, Breathing, Circulation, 
Disability) 34–5, 97

abdomen: closing 317; opening 314–15
abdominal distension: after shunting 

620; and CNEP 847–8; and dehydra-
tion 545, 555; and ectopic pregnancy 
178; and hepatoblastoma 585; and 
Hirschsprung’s disease 560, 636; and 
intestinal obstruction 636; and meco-
nium ileus 443; and NEC 377–8; and 
obstructed labour 214; and spinal cord 
injury 407; and uterine rupture 216; and 
vomiting 377; and Wilm’s tumour 585

abdominal examination: in antenatal care 
137; and APH 185; detecting face pres-
entation 239–40; and intussusception 
635; in labour 146, 148; for multiple 
pregnancy 232; for new patients 30; 
in trauma 779

abdominal excursion 36, 772
abdominal malignancy 388
abdominal mass: and Cushing’s syndrome 

503; and gastrointestinal emergencies 
43; and nausea 86; and TB 668

abdominal pain: and anthrax 678; and 
appendicitis 634; and ARF 482; causes 
of 158–9, 161 382–3; cramping 636; 
and DKA 262, 494; and dysentery 551; 
and ectopic pregnancy 177–8; and 
gastrointestinal emergencies 43; and 
HIV 705; and HSP 571; and hydatids 
751; investigations in 382; and jaundice 
381; in late pregnancy 159–61; and 
leptospirosis 647; and liver fl ukes 754; 
and malabsorption 566; in miscarriage 
182; and mumps 721; and ovarian cysts 
226; and peritonitis 305; and pneumo-
nia 269, 437; and poliomyelitis 722; in 
pregnancy 144; recurrent 563, 617; and 
rheumatic disease 569; and SCD 534; 
and sexual abuse 821; and strongyloi-
diasis 759; and sulphasalazine 573; 
and TB 286; and tonsillitis 427; in triage 
32–3; unexplained 782; and urinary 
stones 479; and uterine perforation 182; 
and VHFs 726–7

abdominal palpation 147–8, 154, 312, 
536

abdominal paracentesis 865
abdominal tenderness: and gastrointes-

tinal emergencies 43; and puerperal 
sepsis 221

abdominal thrusts 53–4, 54
abdominal trauma: and amniotic fluid 

embolism 225; and APH 185; and 
Caesarean section 785; and Entonox 
778

abdominal tuberculosis 561, 667
abdominal ultrasound 14, 228, 583, 782
abdominal wall, rigid 305
abdominal X- ray: and bladder stones 630; 

and cancer diagnosis 585; and intus-
susception 635; and urinary stones 479

abnormal postures 43, 266, 403, 595, 
650

ABO incompatibility 23–5, 138, 368, 
370–1, 383

abortion: complicated by infection see 
septic abortion; induced 162–3, 169, 
171, 176, 179, 182; unsafe 94, 176, 
183

abrasions 654, 725, 762–3, 779, 822

abscesses: formation of 221; incision and 
drainage of 14, 864–5

abuse: categories of 96; see also child 
abuse and exploitation; see also domes-
tic violence

abusive injuries see non- accidental 
injuries

abusive relationships 112, 302
acceleration/deceleration injuries 782
accidental injuries 819, 824; sites for 

819
ACE (angiotensin- converting- enzyme) 

inhibitors 175, 253–4, 474–5
acetazolamide, and headache 389
achondroplasia 406
aciclovir: in cancer treatment 580; and 

chickenpox 291, 680–1, 708; and 
eczema 627; and HSV 604, 705

acid- base disturbance 63, 487
acid- fast bacilli (AFB), and TB diagnosis 

287, 665, 668
acid hydrolysis 690
acid regurgitation 121
acidaemia: and cardiac arrest 63; organic 

499, 616
acidosis: and adrenal crisis 500; in cardio-

vascular collapse 451; and coma 593; 
and diarrhoea 557; and DKA 262–3, 
494–5; and malaria 741; in obstetric 
haemorrhage 188, 195; and respiratory 
rate 38, 187; and shock 186; and tach-
ynopea 250; see also metabolic acidosis

acidotic breathing: and DKA 262, 494; 
emergency treatment in 42; and malaria 
279; and poisoning 811

ACS (acute chest syndrome): and blood 
transfusion 22–3; and SCD 174, 533, 
536–7

ACT (artemisinin- combination therapy) 
278–9, 281, 285, 736

actinomycin 577, 579, 585–7
active colitis 562
active labour: partography in 145; pro-

longed 153, 213; stages of 147–8; time 
elapsed since start of 147

acute appendicitis 285; and ectopic preg-
nancy 178; and gastroenteritis 271; 
and shock 166

acute flaccid paralysis 604, 614–15, 
615, 722

acute gastroenteritis 270–1, 545, 679, 
747

acute glomerulonephritis 388, 474, 660, 
756

acute haemolysis 22, 24–5, 166, 478, 
540

acute hepatitis 95, 489, 686–7; causes 
of 686

acute myeloid leukaemia see AML
acute renal failure (ARF): and burns 796; 

and encephalopathy 376; fl uid deple-
tion in 470; and leptospirosis 647; and 
malaria 283, 744; management of 
483–4; and Streptococcus 659; types 
of 481–2

acute respiratory infection (ARI): assess-
ment and treatment of 438; categories 
of 436; and Chlamydia 679; and HIV 
701; and poor weight gain 528; and 
vitamin A defi ciency 512

acute rheumatic fever 254, 452, 569–70, 
659

acute sequestration events 536
acute stress disorder 509
acyclovir 43, 580, 680, 708
Addisonian crisis 257
Adelaide coma scale 594, 739
adenitis, regional 642
adeno- lympangitis 757
adenoidal hypertrophy 422
adenoma 502–3
adenosine 40, 456–7, 851
adenoviral infection 635
ADHD (attention defi cit hyperactivity dis-

order) 404, 510–11
adjuvants 72, 81, 84
ADLA (acute dermatolymphangioadeni-

tis) 756

adnexal infections 221
adolescents: advocacy for 396; ARVs for 

698; and cancer 576; cricothyroidotomy 
in 840; dying 80; HIV transmission 
among 688, 711; mediastinum of 791; 
nursing care for 395–7; psychiatric dis-
orders of 396, 505–9; recovering from 
malnutrition 527; respiration rates for 
131; STIs in 656, 658, 826; symptoms 
of sexual abuse in 821; TB in 666

adrenal carcinoma 503
adrenal crisis 500, 502–3
adrenaline: in airway resuscitation 35, 

37; in anaesthesia 130; and anaphy-
laxis 258, 425–6; in asthma 256–7; in 
cardiac arrest 62–5; in cardiovascular 
collapse 451; in emergency room 110; 
and envenomation 816; in epiglottitis 
424; equivalents in other drugs 881; 
excess 520; in high- dependency care 
853; and local anaesthetic 126, 128; 
in neonates 336, 339–40; in obstetric 
haemorrhage 189, 200; in OT 14; in 
pain control 70; and shock 39, 171, 
468; topical 88, 90; venous administra-
tion of 852

adrenaline toxicity 71
adriamycin 577, 583, 585, 587
advanced life support 55
Aedes aegypti 729
AEDs (automatic external defi brillators) 

51–2, 51, 64–5, 69, 110, 863
Aeromonas 551
aerosols, substance abuse of 508, 814
AFL (acute fi larial lymphangitis) 756
Africa: availability of morphine in 82; 

Buruli ulcer in 642; LIP prevalence in 
702; meningitis belt of 650, 653; post-
natal care in 156

African Programme for Onchocerciasis 
Control 759

African trypanosomiasis 28, 381, 730, 
734

African women, pelvis of 148
agammaglobulinaemia 659
agonal gasps 37, 45–7
AIDS (acquired immune defi ciency syn-

drome) 687, 689–90, 705; see also HIV
AIDS support organizations 689
air- conditioning 4, 14–15
air cushions 417
air embolus: and amniotic fl uid embolism 

226; and exchange transfusion 23, 370; 
in IV administration 18, 851, 856

airway: secondary assessment of 41; in 
shock 169

airway and breathing equipment 55
airway management, in trauma 771
airway obstruction: acute partial 427; 

and neck extension 40; neonatal 365; 
persistent 35; and sedation 77; and 
trauma 771, 773, 780

airway- opening actions 35, 45–6, 58
airway patency 46, 284, 651, 770
airway resuscitation 35–6, 782–3
airway secretions: and death rattle 90; and 

dyspnoea 87; excess 845; and laryngeal 
spasm 125; and PPV 133

AL (artemether and lumefantrine) 279, 
738

Alagille syndrome 490–1
alar fl aring 36–7, 56, 772
albendazole: and anaemia 531; and 

encephalitis 606; and fi lariasis 756–7; 
and hydatids 751; and malnutrition 523; 
and strongyloidiasis 760; and worms 
173, 748–50

ALCAPA (anomalous origin of the left 
coronary artery from the pulmonary 
artery) 455

alcohol: adolescent use of 507–8; as 
antiseptic 314; and ARIs 436; and coma 
593; and drowning 797; exposure in 
utero 351; and sexual abuse 821

alcohol poisoning 814–15
alcohol swabs 17, 357, 773, 842, 854
Alder Hey Triage Pain Score 69, 78
ALF (acute liver failure) 381, 486–8, 490, 

686–7; causes of 487; clinical features 
of 486

algid malaria 284, 743
alginate dressings 88, 90, 418
ALL (acute lymphoblastic leukaemia) 572, 

576, 578–9, 581–3, 587
allergic reactions 24–5, 258, 385, 824
allergies, history of 43
Allis forceps 315
alloimmunisation 26
allopurinol 581–3
alopecia 579, 581, 608, 709
ALRI (acute lower respiratory infection) 

436–8, 438, 440, 654
ALSG (Advanced Life Support Group): and 

BLS 44; training from 11, 109
ALT (alanine aminotransferase) 27, 686, 

699, 717
ALTEs (apparent life- threatening events) 

387
aluminium hydroxide 492
alveolitis 438, 796
amblyopia 592
ambulances 31, 97, 139, 787
American trypanosomiasis 732
Ametop 128
Amies medium 28
amikacin 287–8, 590, 642
aminoaciduria 814
aminoglycosides: and cancer treatment 

580; and hearing loss 401; for infants 
354; and peritonitis 637; and STIs 658; 
and Streptococcus 660

aminophylline: and anaphylaxis 425–6; 
and asthma 256, 433; in emergency 
room 110; giving safely 257; in high- 
dependency care 853; IV administration 
of 852

aminosalicylates 561–2
aminosidine 733–5
amiodarone 64–5, 110, 456–8
amitriptyline 84–5, 294
AML (acute myeloid leukaemia) 581–2
amniocentesis 225
amnionitis 215, 321
amniotic fl uid embolism 66, 166, 186, 

203, 225–6
amniotic fl uid volume 231
amniotic hook 144, 151, 209
amniotomy 143, 242
amodiaquine 279, 740–1, 745–6
amoebiasis 172, 565, 637, 642, 747
amoxicillin: in ALF 488; and anthrax 

679; and bladder damage 304; and 
cancrum oris 705; and cystitis 286; 
and endocarditis 456; and gallstones 
539; and H. pylori 564; and intracranial 
abscesses 619; and leptospirosis 648; 
and Lyme disease 649; and meningitis/
encephalitis 41; in neonates 357; oral 
administration of 17; and otitis media 
427; and peritonitis 222; and pneu-
monia 438–9; and PPROM 245, 331; 
prophylactic 445; routes of adminis-
tration 851; and salmonella 674; and 
severe malnutrition 520–1; and typhoid 
673; and urinary catheterisation 314; 
and UTIs 473–4

amoxicillin/ampicillin 286, 673
amphetamines 508
amphotericin: in ALF 488; and encephali-

tis 605; and fungal infections 704, 707; 
IV administration of 852; and leishma-
niasis 733–5

ampicillin: and appenditicis 285, 634; and 
Caesarean section 316; and diarrhoea 
557; and dog bites 794; in episiotomy 
325; and headache 389; for infants 
355, 440; and inverted uterus 250; in 
labour 150–1; and lung abscess 442; 
and meningococcal disease 651; and 
NEC 377; in neonates 350, 352, 357; in 
obstructed labour 214; oral administra-
tion of 17; and peritonitis 222, 286, 484; 
in placenta removal 326; and pneumo-
nia 269, 439–40; in post- operative care 
304–5; and PPH 198; and PPROM 245; 
prophylactic 445; and puerperal sepsis 
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221; and retropharyngeal abscess 428; 
routes of administration 851; and rup-
tured membranes 228; and SAM 521; 
and septic shock 171, 177; and septi-
caemia 354; and Streptococcus 660; 
and symphysiotomy 321; and typhoid 
672; and uterine rupture 216

amputation: bleeding from 774; body 
parts from 784; and Buruli ulcer 642; 
and cancer 587; and detonation injuries 
800; and septicaemia 653

anaemia: defi nition of 530; in adolescent 
girls 395; in antenatal care 136–7; and 
blood transfusion 21–2, 26; and cancer 
576, 580–1; and cardiac failure 40; 
causes of 383, 530; and congenital 
syphilis 355; and CRF 485; and diar-
rhoea 380; and dyspnoea 87; and 
ectopic pregnancy 178; and FGC 300; 
fi ts and faints in 387; follow- up care for 
746; and HIV 275, 694; and hyperem-
esis 251; investigations in 384; and 
juvenile idiopathic arthritis 572; and lead 
poisoning 814; and learning diffi culties 
404; and leishmaniasis 734; and liver 
flukes 754; and malabsorption 566; 
and malaria 276, 280, 598, 710, 745; 
megaloblastic 515, 608; and multiple 
pregnancy 232–3; in neonates 332, 
371; nutritional 27; in post- operative 
care 304; and pressure sores 416; 
prevention of 172–3; and prolonged 
labour 211; and SCD 176, 535; and 
scurvy 514; and severe malnutrition 
516, 523; and shock 39, 166, 168; 
and skin colour 37; and trypanosomiasis 
730; unexplained 369; see also haemo-
lytic anaemia; severe anaemia

anaesthesia: in Caesarean section 
253, 315–16; checking level of 75; 
in children 126, 628; for destructive 
procedures 321; essential equipment 
for 129; golden rules of 124, 126–7, 
129; monitoring in 129–30; and obstet-
ric haemorrhage 189, 199–200; and 
sedation 76, 127; and sedation 77; toxic 
reaction to 226

anaesthetic assessment 176
anaesthetic machine 14
anaesthetists 15
anal fissures: bleeding from 565; and 

diarrhoea 380; and IBD 822; and toilet-
ing habits 395

anal injuries 821–2, 824; differential 
diagnosis of 824

anal intercourse 820
anal lesions 560
analgesia: and anaesthesia 127; inad-

equate provision of 576; for life- saving 
procedures 836–7; non- opioid 82; 
orally administered 72; see also pain 
control

analgesic ladder 72, 81, 534
anaphylactic shock 38–9, 166, 226
anaphylaxis: and blood transfusion 24–5; 

and botulism 641; in children 425–6; 
emergency treatment for 35, 37, 42; 
and generalised oedema 388; and 
hydatids 751; and immunisation 93; 
pathway of care for 259–60, 425; and 
rabies vaccine 724; symptoms and 
signs 42, 258, 426; and upper airway 
obstruction 422; and VZIG 292

Anaplasma phagocytophilum 675
Ancylostoma duodenale 530, 567, 748, 

750
anencephaly 620
angioneurotic oedema 166, 424
Angiostrongylus cantonensis 602
angiotensin- receptor blockers 175
Angola, leprosy in 645
anhedonia 294
ankylosis 642
Ann Arbor staging system 583
anorexia: in CLD 493; and jaundice 381; 

and leptospirosis 647; and malnutrition 
525; and rheumatic disease 569

antacids: and anaesthesia 123; in 
Caesarean section 314; and oesophagi-
tis 705; and portal hypertension 492

antenatal care: basic 136–7; effective 
system for 138–9; for HIV- positive 
mothers 275; investigations and inter-
ventions in 138; and malaria 277–8; 
opportunistic 136; and pre- eclampsia 
211; routine visits in 143; and SCD 175; 
for twin pregnancy 233

antenatal cl inics: for adolescents 
396; and antimalarials 277; and 
domestic abuse 302; following up 

miscarriage 180; promoting attendance 
at 398

antepartum haemorrhage (APH): defi ni-
tion of 183; and anaesthesia 122, 124; 
causes of 184; and cervix sweeping 
150; and fetal distress 231; manage-
ment of 185–9; pathway of care 188; 
and PPH 189, 191; and pre- eclampsia 
208; and Rh- D sensitisation 138

anterior episiotomy 153
anterior fontanelle, bulging 618
anthracyclines 581–2
anthrax 678
anti- arrhythmic drugs 65, 455, 457, 797
anti- cholinergics 87, 90
anti- D immunoglobulin 182, 242
anti- embolism stockings: in coma 

597; and hyperemesis 251; in post- 
operative care 304; and PPROM 245; 
and pre- eclampsia 211; and pulmonary 
embolism 223, 225; see also compres-
sion stockings

anti- emetics: and chemotherapy 580; not 
for children 544, 552; and hepatitis 686; 
and hyperemesis 251; and migraine 
617; and morphine 76; and opioid ther-
apy 86–7; routes of administration 90

anti- epileptic drugs 606–8, 610, 794; 
doses of 608

anti- human globulin technique 23
anti- shock garment 169, 172, 187–8, 

195, 214
anti- tetanus coverage, in post- operative 

care 303
anti- thrombotic stockings 176
anti- tuberculous drugs 287, 631, 633, 

670–1, 709
antibiotic- resistant microorganisms 7, 

598, 659
antibiotics: and anaemia 383; and 

appenditicis 285; in asthma 257; and 
bacterial meningitis 598, 600–1; for 
burns 809; and Buruli ulcer 642; and 
cancer treatment 576, 580; for cellulitis 
333; and croup 423; and cystic fi brosis 
444; and cystitis 286; and diarrhoea 
551–2, 705; in emergency room 110; 
in EmONC 306; excess use of 357; 
and fi lariasis 757; and glandular fever 
428; in HIV 696; and infective shock 
171; and leptospirosis 648; and Lyme 
disease 649; in malaria 280, 282; in 
management of miscarriage 181–2; 
and meningococcal disease 651; with 
multiple routes of administration 17, 
851; and NEC 377; for neonates 351, 
354–5, 358–9, 358–61; and peritonitis 
222; in pneumonia 269; and PPROM 
245; for preterm babies 331; and puer-
peral sepsis 221; and relapsing fever 
655; and respiratory distress 362; and 
seizures 372; in septic abortion 177; in 
septic shock 468; in septicaemia 354; 
side effects of 86; and Staphylococcus 
679; storage of 19; for tetanus 661; and 
typhoid 673–4, 674; and VHFs 727; and 
wounds 763; see also broad- spectrum 
antibiotics; IV antibiotics; oral antibiotics

anticholinesterases 108, 815, 817
anticoagulants: in blood donor bags 179; 

and pulmonary embolus 37, 224–5
anticonvulsants: and anaemia 383; and 

drowning 797; as emergency treatment 
43; in EmONC 306; and encephalitis 
603; and fi ts 41; and malaria 280, 283, 
741; and meningitis 599; in neonates 
372; and nerve pain 84; post- delivery 
210; prophylactic 207, 268, 280, 596, 
599, 741

antidepressants: for adolescents 507; 
postnatal 294, 296; in pregnancy 293; 
side effects of 87; see also SSRIs; tri-
cyclic antidepressants

antidiarrhoeal drugs 544, 552
antifolates 279
antifungal drugs 486, 606, 625, 627, 

687, 709
antihelmintics 172–3, 516, 530–1, 751, 

757
antihistamines: and allergic reactions 24; 

and anaphylaxis 258, 426; and chicken-
pox 680; and emergency treatment 42; 
and opioids 83; and rash 709

antihypertensive drugs: and EmONC 306; 
post- delivery 210; and pre- eclampsia 
202; and severe hypertension 203; and 
volume expansion 208

antimalarial drugs: and anaemia 21, 173, 
383; in children 738–9; effectiveness 
of 277–8; fi rst- line 740–1; and G6PD 

defi ciency 540; in pregnancy 279–81; 
and VHFs 727

antimony 734–5
antipsychotic drugs 292, 294–5, 508
antipyretics: and encephalitis 603; for JHR 

291; and meningococcal disease 652
antiretroviral prophylaxis 274–6
antispasmodics 662–3, 754
antivenom 815–18
anuria: and ARF 483; and malaria 283; 

and potassium 264
anxiety: and grief 113, 116; and pain 70; 

in palliative care 86–8; and sedation 76
anxiety disorders 295, 509, 821
anxiolytics 72, 81, 88, 90
aorta, coarctation of 450
aortic compression 169, 193, 199
aortic dissection 791
aortic regurgitation 254–5, 452–3, 570
aortic stenosis: and general anaesthesia 

124; in heart failure 252–3; murmur in 
451; and nifepidine 203; pulses in 450

aortocaval compression 52, 66, 121, 
231–2, 314, 785–6

apathy, persistent 635
aphthous ulcers, idiopathic 705
apical impulse 254–5, 452–4
aplastic anaemia 445, 608, 686–7
aplastic crisis 22, 535–6, 540–1
APLS/ATLS system 762, 814
apnoea: and airway management 771; 

and ALRI 440; and anticonvulsants 794; 
and drowning 796; and encephalopathy 
376; and ketamine 129; and morphine 
72; in neonates 336, 345; and pertussis 
654; post- operative 628; of prematurity 
132, 365–6, 844; prolonged 346, 361; 
and RICP 618; in seizures 371; and 
septicaemia 352; terminal 340

APOD (acute papular onchodermatitis) 
758

appendectomy 159, 161, 285, 628, 634
appendicitis: and abdominal pain 382; 

surgery for 633–4; and vomiting 384; 
see also acute appendicitis

appendix: changing position in pregnancy 
285; perforated 634

APTT (activated partial thromboplastin 
time): and envenomation 816; in pre- 
eclampsia 209; in pulmonary embolism 
224–5

aqueductal stenosis 721
aqueous benzylpenicillin 290
aqueous cream 709, 749
aqueous iodine oral solution 501
ARDS (acute respiratory distress syn-

drome) 25, 225–6, 279, 648, 700
ARM (artificial rupture of membranes) 

151; and cord prolapse 247; in fetal 
death 228; in hypertension 209; in 
multiple pregnancy 233

arm recoil 343–4
aromatherapy 76, 90, 104
arsenic 106, 108, 508
artemether 279–81, 736, 739–40
artemisinins 279–80, 739–40
arterial oxygen saturation (SpO2): in 

anaesthesia 123, 126, 130; healthy lev-
els of 59; normal 881; and sleep- related 
upper airway obstruction 429–30

artery forceps 15, 109, 441, 842–3, 858
artesunate 279–81, 736, 739–40, 746
arthralgia: and iron dextran 173; and 

leptospirosis 647; and relapsing fever 
655; treatment of 570; and VHFs 727

arthritis: and chickenpox 680; and Lyme 
disease 649; and mumps 721; reactive 
570, 572, 674, 759; and relapsing fever 
655; and SLE 573; and Streptococcus 
659

arthropathy 383, 445
arthrosis, secondary 624, 766
arthrotomy 622
ARVs (anti- retroviral drugs): for children 

656, 690, 697–8, 714–16, 718; 
classes of 697, 698; and co- trimoxazole 
702; and diarrhoea 705; and failure to 
thrive 443; and malabsorption 566; and 
malnutrition 518, 524–5; monitoring 
response to 698–9, 712; and pheny-
toin 84; post- partum 275; in pregnancy 
273–4, 274, 688, 695; prophylactic use 
of 695; side effects of 717; and skin 
lesions 709; starting therapy 693, 698; 
and TB 703–4; third- line 700; treatment 
failure 699

ascariasis 748–50
ascites: chylous 756; and CLD 490; drain-

age of 14; and generalised oedema 388; 
gross 87; and jaundice 381

ASD (atrial septal defect) 446, 451
Asherman chest seal 781
ASOM (acute suppurative otitis media) 

427–8
asparaginase 576, 582
Asperger’s syndrome 510
Aspergillus 704, 798
asphyxiation: and burns 807–8; and cri-

cothyrotomy 772, 841
aspiration pneumonia: and meninigitis 

599; in neonates 364; risks of 440; and 
severe malaria 280

aspirin: and coma 593; and G6PD defi -
ciency 540–1; and haemophilia 543; 
and heart failure 455; hypersensitivity to 
73; and liver dysfunction 488, 492–3; 
in post- operative care 303; and pre- 
eclampsia 175; and rheumatic disease 
570–1

asplenia, functional 534
asthma: acute 433; in children 431–3, 

435; emergency treatment of 256–7; 
features of 255; and labetalol 203; life- 
threatening 37; pathway of care for 256, 
434; and resuscitation 42; steroids for 
500; with wheezing 430

asthmas, and NSAIDs 73
astrocytoma 406, 584, 593
asymptomatic cystitis 286
asymptomatic murmurs 446, 451
asymptomatic/placental malaria 277–8, 

663
asystole: on ECG 62; management of 

62–3
at- risk airway 35, 771
ataxia: and encephalitis 602; and head-

ache 389; and poisoning 811; and 
tricyclic antidepressants 813; truncal 
583; and trypanosomiasis 730; and 
Wernicke’s encephalopathy 251

atelectasis, massive 257
atenolol 253, 457, 469
ATN (acute tubular necrosis) 376, 471, 

481–2, 869
atonic uterus: and bleeding in C- section 

318; NASG in 196; and PPH 189–92; 
preventing 154; and shock 169

atopic conditions 431, 590, 627, 709
atovaquone 702
atropine: in anaesthesia 130; in APH 188–

9; and ARIs 436; and bradycardia 250; 
in cardiac arrest 63; in emergency room 
110; and heart block 458; and ketamine 
125; in OT 14; and poisoning 813

atropine and xerophthalmia 523
attachment 111–12, 117, 820
attention defi cit disorder see ADHD
AURI (acute upper respiratory infection) 

436
Australia, Buruli ulcer in 642
autism 403–4, 510, 820
auto- infection 759
autoclaves 14–15, 142, 640
autoimmune haemolytic anaemia 540–1
autoimmune thyroid disease 567, 573
autologous blood 26
automatic bladder 411, 413
automatic bowel 411
autonomic dysfunction 509, 614
autonomic dysrefl exia 407
autonomy 98, 100, 103, 111, 115
autotransfusion 179
avascular necrosis 539, 572
AVPU scale 594; in anaesthesia 123; 

in dehydration 462, 464; in DKA 494; 
and drowning 797; in examination 30; 
in malaria 280, 282; and perfusion of 
vital organs 39; re- evaluating 268; in 
resuscitation 40; in RICP 267; in trauma 
771, 777, 779; in triage 31

AVSD (atrioventricular septal defect) 446, 
451, 454

awards ceremonies 2–3
azathioprine 493, 562–3, 573
azithromicin: and cryptosporidiosis 747; 

and leptospirosis 648; in management 
of miscarriage 182; and pertussis 654; 
and protozoa 705; and rickettsial dis-
ease 676–7; and STIs 657

azithromycin: and trachoma 664; and 
yaws 678

azlocillin 428
AZT see zidovudine
aztreonam 809

B- Lynch sutures 198
Bacillus anthracis 678–9
back blows 53–4
back pain 286
baclofen 89



898

Index

bacteraemia: and diarrhoea 557; and 
HIV 696

bacteria, counting 867, 870
bacterial infections, recurrent 689
bacterial meningitis: and coma 596; CSF 

fi ndings in 598; in HIV 706; ongoing 
care for 598–9; pathogens causing 597, 
600; and pleocytosis 355; prophylaxis 
for contacts 601; and SCD 535

bacterial pneumonia 364, 437, 696, 701, 
703, 719

bacterial tracheitis 42, 269, 422, 437, 439
bacterial vaginosis 174, 656–8
bag- and- mask ventilation 335, 338, 366, 

494, 662, 842
bag- valve- mask devices: in anaesthesia 

123–4, 129; and anaphylaxis 426; in 
asthma 434; in CPR 48; as essential 
equipment 55; in high- dependency care 
69; and morphine 20; in ventilation 37, 
43, 50, 58, 60–1

balanced traction 767
balanoposthitis 630, 657
Ballard’s scoring system 343–4
bananas 264, 482, 550, 553
Bandl’s ring 212, 215–16
Bangladesh: iodine deficiency in 515; 

persistent diarrhoea in 556
Bansang Hospital 3
barbiturates 75, 267, 593, 612
barium enema 562, 567, 635–6
barium swallow 429, 564
Barlow and Ortolani tests 333, 623
barrier nursing measures 727–8
Bartonella 675
basic life support (BLS): and cardiac arrest 

43–4; and drowning 798; in infants 
and children 44, 49; and infection risk 
50; and lack of pulse 37; in pregnant 
women 45; three S initial approach 
44–5; use of 43

basilar migraine 617
bats, rabies in 723, 725
batteries, solar- powered 27
Battle’s sign 779
Baumann’s angle 768
BCG vaccine 93; and Buruli ulcer 643; 

during pregnancy 95; and HIV 93, 710; 
neonatal 93, 668, 671; storage of 94; 
and TB 288, 356, 524, 665

Becker muscular dystrophy 616
beclomethasone propionate 432
bed sores see pressure sores
bedding, cleaning 4, 8, 142
bedside clotting test 188, 197–8
bedside transfusion 23–4
bedwetting 111, 118, 821
behavioural disorders, and abuse 820
benefi cence 98
Benin, FGC in 301
benzathine benzylpenicillin: and diphtheria 

645; and syphilis 290, 356, 358, 657; 
and yaws 678

benznidazole 732
benzodiazepines: as anti- emetic 580; and 

CSE 612; and hallucinations 129; in 
high- dependency care 76–7; overdose 
with 813; in pregnancy 296; respiratory 
effects of 88, 610

benzyl benzoate 625, 710
benzylpenicillin: and amputation 800; and 

burns 809; and cancrum oris 705; and 
diphtheria 644; and empyema 633; 
and endocarditis 456; in infants 440; 
and infective shock 171; and intestinal 
obstruction 636; and leptospirosis 648; 
and mastoiditis 428; and meningococcal 
disease 650–1; and neonatal infection 
355–7; and skin infections 658; and 
Streptococcus 570, 600, 659, 794; 
and syphilis 707; and tetanus 375, 661; 
and tonsillitis 427; and traumatic injury 
799, 801–2; and tropical ulcer 626; and 
umbilical discharge 633; and wound 
infections 221

bereavement 10, 79, 91, 111–16, 112, 
113, 119

beriberi 251, 513, 522
berry aneurysm 617
beta- blockers 202, 253–4, 258, 446, 

456–8, 618
beta- haemolytic Streptococcus: and ret-

ropharyngeal abscess 428; as STI 657; 
and tonsillitis 426

beta- lactam antibiotics 354–5
beta- thalassaemia major 540–2
betamethasone: and conjunctivitis 590; 

equivalents in other drugs 881; and 
multiple pregnancy 233; and PPROM 
245; and pre- eclampsia 202, 208

bicycle tubes 417
bilamellar tarsal rotation 663–4
bile salts 515
biliary atresia 368, 490–1, 632
biliary cirrhosis 445, 490
bilirubin concentration 367–8, 370
bilirubin encephalopathy 367, 370–1, 376
bilirubin levels: abnormally raised 368; 

measuring 369; and yellow fever 729
bilirubin treatment charts 368–9, 369
bimanual examination 137
bimanual uterine compression 169, 

192–3, 193, 199, 325
biochemical investigations 27, 494
bioengineers 5
BiPAP (bilevel positive airways pressure) 

67, 133, 845
bipolar disorders 293–5, 506, 649
Bird metal cup 306, 307, 309
birth asphyxia 156, 241, 358, 398, 401, 

499
birth injuries 351, 383, 824
birth path 144
birthing stool 145
biscuits, enriched 527–8
bisphosphonates 85
bite injuries 764, 815–17
Bitot’s spots 512, 517, 705, 720
black market 577
blackboard 69
bladder: adherent 317; damage to 215; 

neurogenic 633
bladder control, and spinal cord injury 

409, 412–13
bladder paralysis, and poliomyelitis 722
bladder spasms 414
bladder stones 414, 482, 630, 633
blankets, electric 14
blast injuries 762
bleach: for disinfection 9, 728; poisoning 

with 811, 813; in sputum samples 28; 
in urethral catheterisation 414

bleeding: in palliative care 88; in 
pregnancy 185–6 (see also vaginal 
bleeding); see also blood loss; see also 
haemorrhage

bleeding disorders 73, 283, 744, 865
bleeding varices 491–2
bleomycin 583, 632
blind fi nger sweeps 46, 53
blind loop syndromes 515
blindness: causes of 400–1; and con-

junctivitis 356; facilities for 405; and 
hypertension 201; management of 592; 
and ROP 344; and syphilis 289; see also 
visual impairment

Blond–Heidler decapitation tool 323
blood, non- clotting 815–16
blood banking facilities 24, 138, 280, 580
blood clotting disorders 543; and anaemia 

383; and APH 186, 188; and child abuse 
824; and hypothermia 774, 796; and 
leptosirosis 647; and miscarriage 180; 
and pre- eclampsia 122; and shock 171

blood collection, for bilirubin measure-
ment 367,, 368

blood cultures: and anthrax 679; for 
infants 350–1, 353; from IV lines 18

blood donation 22, 179, 542, 732
blood gas analyser 67, 231
blood gas analysis: and DKA 263; and 

Guillain–Barré syndrome 614; normal 
range for 881; and oxygenation 845; 
and seizures 372

blood glucose colour scale 871
blood glucose concentration: and DKA 

494; of hypoglycaemia 884; for infants 
351, 353; and insulin requirements 262; 
maintaining 65, 348; measuring 374

blood glucose levels: in alcohol poison-
ing 814; in anaesthesia 126, 130; and 
febrile seizures 609; in insulin infusion 
265; and IV/IA access 852; for LBW 
neonates 345; in meningitis 599; in 
resuscitation 40–2; in RICP 267; in 
septicaemia 354

blood glucose measurements: in diabetes 
167, 261–3; in hospitals 26; and hypo-
glycaemia 499, 742; and malnutrition 
549–50; procedures for 870–1; and 
shock 459, 465, 469

blood group: establishing 26–7, 188; and 
transfusion 23

blood loss: and intravascular lines 851; 
perio- operative 800; from PPH 189; 
and pulmonary embolism 223; unex-
plained 782

blood pressure: in anaesthesia 130; in 
antenatal care 137; examining 30; 
falling 245–6; in labour 145, 147; 

measuring 200; normal 474, 878; in 
obstetric anaesthesia 121, 123; post- 
partum 210; reduction of 208; rising 
171, 179, 265, 496, 650; and SCD 
174–5; in shock 38–9, 168, 170, 192; 
in spinal cord injury 410; and trauma 
774; in UTIs 474

blood pressure cuffs: cleaning 9; for infu-
sions 170, 250

blood pressure machines, in vacuum 
delivery 311

blood products: infected 688; for obstetric 
haemorrhage 188, 195

blood sampling 21, 62, 350, 579, 855
blood tests, in diabetes 497
blood transfusion: and anaemia 173, 

531–2; and burns 806, 809; delayed 
complications of 25–6; as emergency 
treatment 42; and EmONC 306; 
and haemophilia 543; and HIV 711; 
incompatible 186; and IV lines 18; 
and jaundice 381; and malaria 280, 
282, 736, 741, 743–4; and malnutri-
tion 529; and PPH 198; reactions to 
24–5, 169, 531–2, 539, 541; safety 
in 21–3, 26; and SCD 175, 536; and 
septic shock 467; and thalassaemia 
541; and trauma 775; and VHFs 726; 
and yellow fever 729

blood viscosity, increasing 537, 804
blood volume, circulating 167, 470, 774, 

879, 881
blood warmer 69, 370
bloodborne viruses 138, 300, 351
bloody diarrhoea: and amoebiasis 747; 

and Campylobacter 679; and schistoso-
miasis 753; see also dysentery

bloody tap 355
Blount’s disease 624
blunt trauma 779–82, 785–6, 865
blurred vision: and antidepressants 294, 

507; as danger sign 157; and migraine 
617

BM Stix 652, 870
body fl uids: and BLS 50; contamination 

with 142; disposal of 8; electrolyte 
content of 883

body surface area, estimating 893
body temperature: in labour 145, 147; 

maintenance of 806, 847–8; normal 
879

body temperature control: for neonates 
156, 348–9; and spinal cord injury 407

bo i l s : and  impe t i go  626 ;  and 
Staphylococcus 468, 532

bone cysts 751
bone fragments 794, 802
bone- marrow aplasia 487, 686
bone- marrow aspiration 579, 582, 586
bone- marrow suppression 579, 731
bone pain: and cancer 581; and NSAIDs 

72, 85
bone sarcomas 586–7
bone scan, technetium 578, 585
bone setters, traditional 105, 107
bone tumours 583, 587
bony crepitus 765
bony injuries 788, 792, 819, 823
Borrelia 28, 648–9, 654–5
Bosnia, grief and mourning in 112, 115
botulism 615, 640–1
bougies 57, 122, 124, 130, 839
Boutonneuse fever 675
bowel, distended 213
bowel movements, and spinal cord injury 

404, 409, 411–12
bowel obstruction: and abdominal pain 

382; and cancer treatment 581; and 
gastroenteritis 271; and incarcerated 
hernia 628; and morphine adminis-
tration 83; in palliative care 87; and 
vomiting 377, 384

bowel perforation 222, 378, 380, 478, 
552, 859

bowel sounds, lack of 43, 305, 521
Bowlby, John 111
Boyd’s selfadjusting power equation 893
brachial plexus block 128
brachial plexus trauma 351
brachial vein cannulation 858
bradycardia: and antihypertensives 203; 

and breathing failure 37; and drowning 
796; fetal 231; and headache 389; and 
heart block 458; and inverted uterus 
248, 250; in neonates 336; and pertus-
sis 654; and puerperal sepsis 221; and 
RICP 595, 618; and spinal anaesthesia 
123–4; and spinal cord injury 406–7; 
and uterine rupture 186; in vaginal 
bleeding 188

bradycardia of prematurity 845
brain abscess 428, 599, 602, 658, 794
brain damage: and bradycardia 231; and 

hypoglycaemia 373; and hyponatraemia 
16; and hypoxia 330, 344, 798; and 
jaundice 368, 376; preventing 399

brain granulomata 753
brain imaging 385, 667
brain injury 341, 373, 778–80, 792–4, 

797
brain space- occupying lesion: detecting 

596, 603, 606; and dexamethasone 
268, 596, 611; and hydatids 751

brain swelling 168, 741, 779–80, 792–3
brain tumours 89, 91, 508, 575–7, 579, 

583–4, 587, 706
brainstem lesions 389, 593, 596, 604
branchial cysts 630, 632
Braxton Hicks contractions 244
Brazil: leishmaniasis 733; leprosy in 645
breakthrough pain 82–4
breast development 874–5
breast milk: banking 347; best food for 

infants 16; blocked 222; expressed 
(EBM) 157, 344–5; and hypoglycaemia 
374–5; vitamin A in 156

breast milk jaundice 368
breast milk substitutes 370, 524, 696
breastfeeding: and anaemia 21; and 

burns 806; and diarrhoea 355, 394, 
553–4, 558; for disabled children 399; 
establishing 348–9; and immunisation 
93; and jaundice 367; and malnutrition 
519, 525, 527; and mastitis 222–3; as 
pain relief 76; and pertussis 654; and 
preterm babies 246, 331; preventing 
HIV transmission in 273, 688, 690–3, 
695–6; and psychiatric medicines 
294–5; and rickets 514; and TB 288

breath- holding episodes 387, 616–17
breathing: adequacy of 46, 843; assess-

ment of 772; equipment and skills 
for 58; in resuscitation 170; second-
ary assessment of 41–2; see also 
respiration

breathing resuscitation 36–7
breech delivery 241–4, 243; at Caesarean 

section 318; complicated 97; meconium 
passed in 232; and nerve palsies 351

breech presentation 241–2; destructive 
procedures in 322; and hip impairments 
399; reasons for death in 215, 321; and 
vacuum delivery 307

bright torch light 29, 588
Brill–Zinsser disease 675
broad ligament haematoma 318
broad- spectrum antibiotics: and can-

cer treatment 580; and convulsions 
280; and diarrhoea 545; and intestinal 
obstruction 636; and intussusception 
635; and kwashiorkor 523; in labour 
176; and malaria 282, 284, 744; and 
meningococcal disease 651; and SAM 
520–1; and septicaemia 355, 467, 488, 
661; and shock 42, 355, 521, 580, 
657, 674; for trauma 110, 781; and 
umbilical infection 375; and VHFs 728; 
and vitamin K defi ciency 515

bronchial breathing 269, 437–8
bronchiectasis: and asthma 431; in chil-

dren 442; and cystic fi brosis 443, 445; 
and HIV 666, 704

bronchiolitis: and ALRI 440; in children 
430–1; and CNEP 846; and pneumonia 
439; and resuscitation 35, 42

bronchoconstriction 108, 850
bronchodilatation 125, 434
bronchodilators 42, 430–3, 703–4, 850
bronchopneumonia 680
bronchorrhoea 813
bronchospasm 24, 71–2, 129, 202–3, 

808
brow presentation 236–40
Brownian motion 473, 868–9
brucellosis 679, 734
Brugia 755–6
bruises: and child abuse 819, 821; 

and coma 267; documenting 30; and 
domestic violence 302; and leptospo-
rosis 647; and neurological failure 777

buccal midazolam: and bleeding 88; and 
CSE 610; and seizures 41, 89; and 
terminal restlessness 90

Budd–Chiari syndrome 486–7, 492
budesonide 423, 432, 720
bulbar paralysis: and botulism 640; and 

diphtheria 645; and envenomation 815, 
817; and poliomyelitis 722; and upper 
airway obstruction 422

bulimia 384
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bupivacaine 71, 76, 123, 127–8, 130
burettes: in high- dependency care 69; in 

IV infusions 17–18, 852; for oxytocin 
administration 152, 186, 215; for safe 
dosage 257

burial of the dead 91, 119, 728; see also 
funerary procedures

Burkitt’s lymphoma 403, 575, 577, 582–3
burn prevention 810
burns: and anaemia 21; analgesia for 836; 

body proportion assessment for 806, 
807; deliberate 96, 819, 823; depth of 
807; electrical 795–6, 808–9; ingestion 
803; inhalational injury due to 807–8; 
and intubation 839; pain relief for 70; 
and septicaemia 659; severe 769, 795, 
805, 809; treatment of 804–6, 808–10; 
in triage 31–3

burr- hole drainage 619, 779, 793–4
Buruli ulcer 641–3
butane gas 508, 814

C- arm fl uoroscopy unit 13
Caesarean hysterectomy 214
Caesarean section (CS): alternative to 

destructive operations 324; and amni-
otic fl uid embolism 226; anaesthesia 
in 71, 121–2, 124–6; anticoagulation 
in 225; complications of 317–19; and 
cord prolapse 247; and diabetes 262; 
emergency 143; and EmONC 306; and 
fetal distress 232; and heart failure 253; 
and HIV 688; incision of placenta during 
340; indications for 313; instruments for 
15; and IUFD 229; and malpresentation 
239–44; and maternal SCD 174–6; 
method of 313–17; and misoprostol 
228; in multiple pregnancy 234; and 
neonatal breathing 334; in obstructed 
labour 214–15; and oxytocin 151; peri-
mortem 52, 66, 785–6; and placenta 
accreta 199; and placenta praevia 185, 
189; post- operative care for 303–4; and 
PPH 190–1; in pre- eclampsia 209–10; 
previous history of 137, 174, 183, 231; 
and puerperal sepsis 220; and pulmo-
nary embolism 223; and stillbirths 229; 
and transient tachynopea of the new-
born 364; and trauma 785; and uterine 
rupture 186, 215–16; and vasa praevia 
186; wound infections following 142

caffeine 357, 365–6, 366, 433, 617
CAH (congenital adrenal hyperplasia) 334, 

500, 502–3
calamine lotion 680, 709
calcium: in CRF 485; intravenous 63; 

ionised 469; and lead poisoning 814; 
in neonates 346

calcium carbonate 469, 482
calcium chloride 110, 882
calcium defi ciency 514
calcium gluconate: and magnesium toxic-

ity 37, 63; and pre- eclampsia 208; in 
septic shock 469

calcium sulphate 766
caloric response 595
Camper’s fascia 317
Campylobacter 565, 679, 705
Campylobacter jejuni 551, 705
cancer: and analgesia 81; in childhood 

574–6, 575; diagnosis of 578; epide-
miology of 575; nausea and vomiting 
in 86; specialist centres for 577–8; 
surgery for 578

cancer wasting 581
cancrum oris 518, 705, 719
Candida: and antibiotics 357; and APH 

183; and cancer treatment 580; and 
lymphadenopathy 381; as STI 657

Candida albicans 657, 719
candidiasis: and antibiotics 696; and 

diarrhoea 380; oesophageal 688–9, 
704; oral 517, 524, 528, 689, 704; 
oropharyngeal 626; superficial 357; 
see also thrush

CAPD (chronic ambulatory peritoneal 
dialysis) 484

capnography 35, 130, 772
capreomycin 287–8, 670
captopril 452–3, 455, 469, 474, 645
caput, excessive 310
caput succedaneum 351
carbamazepine: and epilepsy 606; and 

liver dysfunction 488, 493; as mood 
stabiliser 293; and nerve pain 85; and 
seizures 84; side effects of 86

carbimazole 501–2
carbohydrate metabolism 374
carbon dioxide retention 449, 616, 640, 

848

carbon monoxide poisoning 166, 459, 
805, 807–8, 814

carbon tetrachloride 488
carboplatin 585
cardiac arrest: and amniotic fl uid embo-

lism 225–6; and Caesarean section 
52, 785–6; and chest compressions 
38; child type of 55; and defi brillation 
862–3; and drowning 797; drugs used 
in 65; and electrical injuries 795; initial 
approach to 61; and magnesium toxic-
ity 207; management of 43–4, 62–3; 
in triage 31

cardiac arrhythmias: in children 456; fi ts 
and faints in 387; and hypokalaemia 
550; and Lyme disease 649; and phe-
nytoin 207, 372; in pneumonia 269; in 
pre- eclampsia 208; and resuscitation 
42; and TLS 581; and tricyclic antide-
pressants 813

cardiac contusion 781
cardiac failure: acute left 226; and 

anaemia 173–4, 383, 531, 743; and 
ARF 481; and beriberi 513; and blood 
transfusion 21–2; causes in pregnancy 
252; in children 453–4; congestive 489, 
522–3, 530–1; decompensated 252–3; 
and diarrhoea 545; and dyspnoea 87; 
and generalised oedema 388; and left- 
to- right shunting 454; and LIP 702; 
and malnutrition 518; management of 
253–4, 454–5; and nifedipine 245; and 
over- hydration 272, 466, 546; in pre- 
eclampsia 208; and respiratory distress 
361; resuscitation for 39–40; right- 
sided 223; and shock 166–7, 466–7; 
and sleep- related upper airway obstruc-
tion 429; and Streptococcus 659; and 
thalassaemia 541; and transfusions 
24–5; in triage 31–2; and trypano-
somiasis 732; and volume expansion 
208

cardiac output: fi xed 122, 124; in septic 
shock 167–8

cardiac tamponade: and cardiac arrest 
63; and periocardiocentesis 861–2; 
and shock 166, 459; in trauma 773, 
776, 780

cardiac ultrasound 791
cardiogenic shock: and ARF 481; in heart 

failure 252; mechanism of 459; in preg-
nancy 166; in trauma 776

cardiomegaly 455
cardiomyopathy: and heart failure 454–5; 

hypertrophic (HCM) 252; and shock 
40, 166–7

cardiorespiratory arrest 37–8, 131, 777, 
843

cardiotocograph 230–1
cardiovascular collapse 450, 797
cardiovascular compromise 124, 364, 

536, 603
cardiovascular decompensation 782
cardiovascular instability 189, 199
cardiovascular system: examining 30; in 

neonatal examination 399
cardioversion, DC 457, 795
carditis 254, 452, 569–70, 644, 659
carvedilol 455
Cary- Blair medium 28
Casal’s necklace 513
cat faeces 706, 747
cataracts 107, 400–1, 488, 498, 585, 

591–2
caterers 5
catheters, removal of 859
catscratch disease 675
CATT (card agglutination test for trypano-

somiasis) 730
caustic ingestion burns 803
caustic soda poisioning 563, 813
cautery machine 15
CD4 count: and HIV 493, 693–4, 698, 

701, 709; postpartum 274; and preg-
nancy 273

CDTI (Community- Directed Treatment with 
Ivermectin) 759

cefalexin 304, 314
cefazolin, and corneal ulcers 590
cefi xime 356, 657, 673–4
CEFM (continuous electronic fetal moni-

toring) 175, 230
cefotaxime: and Caesarean section 316; 

and DKA 262; and epiglottitis 424; and 
infective shock 171; and malaria 744; 
and meningitis/encephalitis 41, 352, 
598; and meningococcal disease 651; 
in neonates 355–7; and osteomyelitis 
621; in placenta removal 326; in pneu-
monia 439; and salmonella 675; and 

septicaemia 354; and Streptococcus 
659, 794

ceftazidime: and burns 809; and corneal 
ulcers 590; and cystic fi brosis 444–5; 
and meningitis 598; and otitis media 
428; and peritonitis 484

ceftriaxone: and conjunctivitis 590; and 
croup 423; and dysentery 551; and 
epiglottitis 424; and infective shock 
171; and leptospirosis 648; and Lyme 
disease 649; and malaria 744; and 
mastoiditis 428; and meningitis 352, 
598; for neonatal infection 354–7; and 
osteomyelitis 535; in pneumonia 439; 
and PPH 198; and relapsing fever 655; 
and retropharyngeal abscess 428; and 
salmonella 674–5; and septic shock 
468, 521; in severe malnutrition 521; 
and STIs 656–8; and Streptococcus 
659; and syphilis 290

cefuroxime: and appendicitis 634; and 
cornel ulcers 590; and croup 423; and 
epiglottitis 424; and intestinal obstruc-
tion 636; and intracranial abscesses 
619; in obstructed labour 214; in 
pneumonia 269; and retropharyngeal 
abscess 428; and uterine rupture 216

cellulitis: and Buruli ulcer 642; and chest 
drain insertion 843; neonatal 357; 
staphylococcal 333; and Streptococcus 
658; treatment of 221

Central African Republic 301, 645
central blocks 128
central venous catheters 109, 171, 579, 

652, 852
centrifuge, as essential equipment 27
cephalexin: and cystitis 286; and UTIs 473
cephalhaematoma 306, 311, 351, 383
cephalic tetanus 660
cephalo- pelvic disproportion (CPD) 212: 

and arrested labour 151; and Caesarean 
section 152; and fetal skull moulding 
147; partograph indicators of 145

cephalosporins: in ALF 488; and cys-
titis 286; first- generation 357, 709; 
and mastitis 222–3; and meningitis 
267, 352; and septic shock 532; side 
effects of 709; see also third- generation 
cephalosporins

cereals: and anaemia 532; and calcium 
514; and constipation 83; and diarrhoea 
551, 553; and zinc 515

cerebellar ataxia 604, 741
cerebral abscess 456, 593, 598, 600, 

707
cerebral concussion 779
cerebral depression 132, 797
cerebral haemorrhage: and adrenaline 71; 

and amniotic fl uid embolism 226; and 
severe hypertension 203

cerebral infarctions 371, 474
cerebral malaria: and coma 596–7; and 

convulsions 283, 741; disorders associ-
ated with 282; and eye disorders 592; 
and headache 389; and hearing loss 
401; neurological sequelae of 739; and 
RICP 267; signs of 738; and VAD 513

cerebral mass lesions 706
cerebral oedema: and coma 268; and 

dehydration 272; and DKA 262–3, 265, 
494–6; and encephalitis 603; and fl uid 
resuscitation 39, 170, 177; and poison-
ing 814; and pre- eclampsia 208–9; 
preventing 398; and trauma 793

cerebral palsy: aids for children with 419; 
and GOR 564; and pathological jaundice 
368; problems in 403; signs of 402; and 
sleep- related upper airway obstruction 
429; and visual impairment 400

cerebral perfusion 64, 266–7, 466, 596, 
775

cerebral perfusion pressure (CPP) 265
cerebrovascular accidents: and fi ts 207; 

and pre- eclampsia 136
cervical carcinoma 183, 395
cervical dilatation: arrested 212; assess-

ing 146–8, 153, 148, 153; incomplete 
241; over time 211

cervical lesions 185
cervical lymphadenopathy 427–8
cervical smear 174
cervical spine: immobilisation of 407, 

771, 778, 783, 795, 864; unstable 36, 
130, 771, 839; X- rays of 784, 788–9, 
789–90

cervical spine injury: and airway opening 
46; clinical signs of 783; and drowning 
796; haematoma due to 790; and head 
injury 779

cervical tears, repairing 325

cervical trauma 156, 196–7, 311, 325
cervix: assessing 209; bleeding from 183; 

dilated 162, 179, 182–3, 215, 321–3; 
recording length of 146; stretching 150; 
visualising 181, 183

Chad: FGC in 298, 301; guinea worms 
in 754

Chagas disease 22, 732
chancroid 656–7
charcoal, activated 740, 810, 812–14
charcoal dressings 90
chart tables 69
cheese 515, 617
chelation therapy 26, 175
chemoprophylaxis 277, 653, 660
chemotherapy: anti- TB 288, 622, 624, 

667–9; and body surface area 893; for 
cancer 576–8, 581–3, 585–7; induc-
tion 576; palliative 587; side effects of 
86, 579–81

chest compressions 47–8: and BLS 44; 
indications for starting 47; for neonates 
338–9, 339; rate of 49; and shock 38; 
techniques for 47–8

chest drains: in emergency room 110; 
insertion of 842–3; and lung abscess 
442; and pneumothorax 61, 431; sites 
for 842

chest examination, in trauma 779
chest expansion: and oxygenation 772; 

and respiratory diffi culty 36
chest infections: and antibiotics 88; recur-

rent 435, 443; and sickle- cell anaemia 
174; and spinal cord injury 406

chest pain: and anaphylaxis 24; and heart 
abnormalities 122; and leptospirosis 
647; and pulmonary embolism 223; 
and SCD 534

chest physiotherapy 268, 442–4, 597
chest thrusts 53
chest trauma 771, 773, 780–1
chest wall: indrawing 430, 437–40, 743; 

pain 87; recession 35–6, 252, 272, 429
chest wounds, sucking 772, 780; see also 

open pneumothorax
chest X- ray: and amniotic fl uid embolism 

225; and anthrax 678; and aspiration 
208; and asthma 255; and cancer 
diagnosis 578, 582–3, 585, 587; and 
coma 596; and congenital malforma-
tions 365; for Down’s syndrome 400; 
and dyspnoea 25; and empyema 441, 
633; foreign bodies on 435; in heart 
defects 446, 448–9, 451–2; and heart 
failure 454; in hypercyanosis 450; for 
infants 351, 353, 364; and leptospirosis 
648; and LIP 702–3, 702; and lymphad-
enopathy 631; and molar pregnancy 
183; and over- hydration 272; pleural 
effusion on 441; in pneumonia 269, 
440; and pulmonary embolism 224; in 
PUO 391; and rheumatic heart disease 
254; and scrub typhus 677; in septicae-
mia 354; and TB 287, 666, 668; and 
TRALI 24; in trauma 780, 788, 790–1

Cheyne–Stokes respiration 91, 266, 595
chickenpox 680–1; in cancer treatment 

580; and encephalitis 602; in HIV 708; 
management of 291–2; and rash 385; 
and septicaemia 659

CHILD 2015 10, 12
child abuse and exploitation: and burns 

810; and coma 593; and domestic 
violence 302; and drowning 796; and 
failure to thrive 386; and fractures 765; 
and learning diffi culties 404; and men-
tal health problems 404; differential 
diagnosis of 824; injuries from 770; 
investigation of 818; medical after-
care following 828; recognition of 96, 
818–19; reporting 100; see also sexual 
abuse, of children

child- friendly environments 405
child–parent interaction 468, 506, 823
child protection procedures 812; exami-

nation under 828–34, 830–1
child soldiers 396, 818, 826
child traffi cking 826
childbirth: in adolescents 395; checking 

for tears after 156; complications due 
to FGC 298, 300; convulsions follow-
ing 203; patient safety checklist for 
139; patient safety checklist for 140–2; 
physical environment for 142–4; shock 
after 169; see also delivery

childhood idiopathic infl ammatory myo-
pathies 574

children: airway clearance in 54; anaemia 
in 21; blood pressure in 38; bowel evacu-
ation in 404; burns in 803–4, 806, 810; 
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children (continued) cardiac arrest in 44; 
circulation management in 805; com-
petence of 100; developmental history 
of 43; drug administration for 81; dying 
79–80, 90–1, 711; elimination habits 
of 394–5; estimating weight of 39; 
examination of 29; explosive injuries in 
799; in eye examinations 589; and grief 
114; of healthcare workers 3; HIV testing 
in 691, 693; holding for examinations 
836; impact of war on 111; inserting 
airways in 56; and isolation techniques 
9; keeping calm 35; morphine dos-
age for 20; and mother’s mental health 
296; normal values in 786; nursing sick 
392–4; pain management for 80–1; 
palliative care for 79; personal hygiene 
of 393–4; preparation for procedures 
836; respiration rates for 131; rights 
of 392, 398, 818; at risk of FGC 301; 
sedation of 76–8, 127; signs for urgent 
management 33; steroid usage in 85; 
supportive and distractive pain relief 
70; surgery for 628; TB in 524, 666, 
669–70; trafficked 827; tranexamic 
acid dose for 774; transition to adult-
hood 405; weighing 545; X- rays in 
765–9, 783, 790

Children’s Coma Score 650, 792
children’s wards 6–7
chin lift, in neonates 336, 337
China, Guillain–Barré syndrome in 614
chlamydia: and APH 183; and conjuncti-

vitis 590; and ectopic pregnancy 177; 
as STI 655–6

Chlamydia: and HIV 704; and pneumonia 
269; and puerperal sepsis 220

Chlamydia pneumoniae 679
Chlamydia trachomatis: and conjunctivi-

tis 357; and miscarriage 182; sexually 
transmitted 656–7, 825; and trachoma 
663, 679

chloral hydrate 78, 127
chlorambucil, in chemotherapy 577, 

583
chloramphenicol: and anaemia 383; and 

anthrax 679; and conjunctivitis 590; and 
corneal ulcers 590–1; and croup 423; 
and cystic fi brosis 445; and diarrhoea 
551; and epiglottitis 424; in infants 440; 
and inhaled foreign bodies 435; and 
mastoiditis 428; and meningitis 41, 600; 
and meningococcal disease 650; and 
neonates 356–8; and plague 679; in 
pneumonia 439; and relapsing fever 
655; and rickettsial disease 676–7; 
routes of administration 17, 851; and 
salmonella 674; in severe malnutrition 
520–1; and typhoid 672–3; and VHFs 
726, 728; and xerophthalmia 523

chloramphenicol resistance 598, 659
chlorhexidine: in Caesarean section 314, 

318; and evacuating products of con-
ception 180; in hand washing 8; as 
mouthwash 580; and neonatal infection 
354, 357; and umbilical stump 332, 
350; and UVC 859

chlorhexidine cream 151, 309, 327–8
chlorine solutions 9
chloroquine: as antimalarial 285, 739, 

745–6; and G6PD defi ciency 541; and 
pregnancy 278; and rabies 725; resist-
ance to 279, 285

chlorothiazide 469, 479
chlorphenamine: and anaphylaxis 258, 

426; and chickenpox 680; in epiglottitis 
424; and pruritus 83; and rabies vaccine 
724; and rash 709

chlorproguanil 745
chlorpromazine: as anti- emetic 580; as 

antipsychotics 295; route of administra-
tion 90; and schizophrenia 508–9

choanal atresia 362, 422
chocolate 482, 617
choking, management of 35, 52–3, 53, 

423, 435
cholangitis 751–2, 754
cholecystitis 539
choledochal cysts 632
cholera: and antibiotics 551; and dehydra-

tion 39, 463–4
cholera epidemics 545, 548
cholera vaccine 95
cholestasis 346, 486, 489–91, 493
cholestyramine 489, 491
cholinesterase reactivator 813
chordee 630
chorea 570
chorioamnionitis: and ARM 151; and fetal 

death 228; and fetal distress 232; and 

obstetric haemorrhage 182; and shock 
169; and Streptococcus 659

choriocarcinoma 183
chorioretinitis 747, 758
chronic cough 443, 517, 524, 688, 702
chronic hepatitis 686–7
chronic hypertension 201–2
chronic infl ammatory demyelinating poly-

radiculoneuropathy 614
chronic lymphatic fi lariasis 756
chronic osteomyelitis 621–2
chronic pain 69, 73, 76, 300, 539
chronic suppurative lung disease 689
chylous diarrhoea 756
ciclosporin, and IBDs 562
cigarette burns 810, 819, 822
cimetidine 86, 852
cinchonism 740
ciprofl oxacin: and anthrax 678–9; and 

Buruli ulcer 642; and Campylobacter 
679; and cystic fi brosis 444–5; during 
pregnancy 287; and dysentery 551; 
and meningococcal disease 653; oral 
administration of 17; and osteomyeli-
tis 535, 621; and otitis media 427–8; 
and relapsing fever 655; and rickettsial 
disease 676; routes of administration 
851; and salmonella 674–5; in severe 
malnutrition 520–1

circulation: assessing and managing 47; 
equipment and skills for 62; in shock 
resuscitation 170; signs and symptoms 
42; in trauma 774, 777

circulation resuscitation 37–40
circulatory access 854
circulatory assessment 37, 774, 778
circulatory collapse 279, 518, 520–1, 

738, 812
circulatory failure 38, 166–7, 495
circulatory overload: and cardiac failure 

252; and exchange transfusion 23; and 
spinal cord injury 407

circulatory procedures 548, 850
cisplatin 580, 586
citrate 370, 519, 547–8
clarithromycin: and Buruli ulcer 642; and 

H. pylori 564; and leptospirosis 648; 
and MAC 710

clavicular fractures 351–2
CLD (chronic liver disease) 381, 489–93, 

514, 585, 686; clinical features of 489; 
laboratory features of 490

cleaning 9
cleaning fl uids, ingestion of 811–14
cleaning services 2, 4, 7, 15, 396
cleft palate 77, 386, 404
cleidotomy 323–4
clindamycin: and anthrax 679; as anti-

malarial 740; and osteomyelitis 535; 
and quinine 279; and retropharyngeal 
abscess 428; and skin infections 658; 
and STIs 658

clinical chemistry tests 27–8
clinical failure 699
clinical observations chart 887
clitoris, excision of 299
clofazimine 287, 645–6
clonazepam 84, 372
clonidine 76, 617–18
clonus 201, 203, 402, 408, 487, 595
Clostridium 220, 357; botulinum 640; 

diffi cile 552, 705; tetani 660–1, 794
clotrimazole 591, 626–7, 657, 704
cloxacillin: and abscess 305; and burns 

809; for cellulitis 333; and eczema 627; 
and inhaled foreign bodies 435; and 
lung abscess 442; and mastitis 223; 
for neonatal infection 352, 355–6, 358; 
and pneumonia 439–40; and pressure 
sores 417; and skin infections 709; and 
wounds 763–4

CMAM (community management of acute 
malnutrition) 516–17, 522, 527

CMI (cell- mediated immune) response 
666, 733

CMT (Compliance with last Malarial 
Treatment) 737

CNEP (continuous negative extrathoracic 
pressure) 67, 365, 431, 846–8

CNS (central nervous system): and HIV 
706; rapid assessment of 777; tumours 
503, 583

CNS (central nervous system) involvement 
583, 685, 706, 730

CNS- directed radiotherapy 582, 584, 586
CNS disease 28, 582–3, 706, 710
co- amoxyclav 763–4
co- trimoxazole: and antimalarials 277, 

741; and brucellosis 679; and cholera 
551; and folic acid 745; and HIV 524; 

in infants 355; and otitis media 427; 
and PCP 689, 701–2; and pneumonia 
580, 689; and rickettsial disease 676; 
routes of administration 17, 851; and 
salmonella 674–5; side effects of 709; 
and TB 670

co- trimoxazole prophylaxis 274–6, 518, 
701–2, 713

coagulation disorders see blood clotting 
disorders

coagulation factors 39, 486, 543, 652
coagulopathy: in amniotic fl uid embolism 

225; and anaesthesia 121–2; and CLD 
489–90; combating 39; and enveno-
mation 816; and exchange transfusion 
23; in hypertension 209–10; and liver 
failure 486; and lumbar puncture 650; 
and NEC 377; in obstetric haemorrhage 
188, 194, 197–8, 200

coal tar 709
cobras 542, 815, 817
Coca- Cola 617
cocaine 71, 267, 508
coccidiomycosis 705
coconut fi bre 416
codeine: in analgesic ladder 71, 81; and 

ARIs 436; and post- operative care 303
codeine linctus 88
coeliac disease: and anaemia 383; and 

diabetes 498; diagnosis of 568–9, 568; 
and diarrhoea 380; and failure to thrive 
386; features of 568; and folic acid 
515; pathophysiology of 567; spec-
trum of 567

coffee, and dehydration 552
coffee- ground vomit 565, 634, 729
cognitive impairment 510–11, 609, 615, 

649, 688
cold abscess 631
cold chain 94, 154, 190, 576, 717
cold extremities 167, 743–4
cold packs 86, 456
colectomy 562–3
colic 87, 635, 754
colicky abdominal pain 482, 635, 747
coliforms 331, 597, 621–2
colistin, and cystic fi brosis 444
colitis, and gastroenteritis 271
colloid fl uids: in burns 806; commonly 

available 883; in emergency room 110; 
and shock 168–9

collusion of silence 819
colonoscopy 562–3, 565, 567
colostomy 636
colostrum 106, 332
colpotomy 222
coma: causes of 593; and diabetic ket-

acidosis 39, 262, 494; and drowning 
797–8; examination for 592–6; and 
lumbar puncture 865; management of 
268, 596; and meningitis 353; pathway 
of care in 268; and poisoning 811; and 
severe malaria 279–80, 739, 741–2; 
and yellow fever 729

coma scales 593–4, 739
common mixing lesions 448–9
communication aids 419
communication disorders 404
community health workers (CHWs): and 

disabled children 399; and IV morphine 
79, 81, 83; in postnatal care 157, 
330

COMP (cyclophosphamide, vincristine, 
methotrexate, prednisolone) 577, 583

compartment syndrome: and burns 806; 
and envenomation 817; and fractures 
765, 784–5; and inter- osseous infu-
sion 860

compensated shock 167
competence, and consent 100
complete miscarriage 162, 179–80, 182
complicated malaria 279, 738
composite maintenance fl uid 348
compound fractures 763, 767, 787, 794
compound presentations 240
compression injuries 782
compression stockings 175, 314, 539
computed radiography (CR) 13
computers 3–4, 10–11, 419
condom catheter: in emergency room 

109; and emergency transport 97; and 
shock 169; and spinal cord injury 414; 
and uterine tamponade 193–4, 197

confi dentiality 6, 100–1, 396, 506
confl ict: armed see war; impact on fami-

lies 110–11; losses due to 111
confusion: and cerebral oedema 265; and 

hypovolaemia 187; and magnesium 
toxicity 207; and opioids 83–4; and 
puerperal sepsis 221; and relapsing 

fever 655; and septic shock 167; and 
Wernicke’s encephalopathy 251

congenital abnormalities: and beta- 
blockers 253; of the bowel 384; of 
the brain 377; commonest 620; and 
diabetes 261; family history of 136; and 
multiple pregnancy 232; and respiratory 
distress 364–5; and stillbirth 229; and 
syphilis 290

congenital cataracts 399–401, 591
congenital haemolytic anaemias 21
congenital heart disease: and cyanosis 

365; and heart failure 453, 455; preva-
lence of 446; and respiratory distress 
361–2

congenital malaria 277, 284
congenital muscular dystrophy 616
congenital nephrotic syndrome 475
congenital pneumonia 361
congenital syphilis 289–90, 355–6, 361, 

475, 655
congenital TORCH infection 354
congenital tuberculosis 288, 356, 667–8
coning 266, 269
conjunctival xerosis 512
conjunctivitis: acute bacterial 590; 

acute viral 590; examinations for 589; 
phlyctenular 666; purulent 720; in rheu-
matic disease 571; and Streptococcus 
659

connective tissue disorders 385–6, 824
consciousness: establishing level of 593; 

reduced level of 266, 428, 465, 549–50 
(see also depressed conscious level)

consent: ethics of 100; to research 102
constipation: definition of 559; and 

abdominal pain 382; and anal injury 
822; and antidepressants 294; and 
codeine 81; and dehydration 394; and 
hypothyroidism 501; and leptospiro-
sis 647; management of 560–1; and 
nifedipine 203; and opioids 74, 83–4; 
in palliative care 87; and premature 
labour 244; and spinal cord injury 412; 
and tricyclics 85

constipation cycle 559
continuous electronic fetal monitoring 

(CEFM) 175, 230
contraception: for disabled youths 415; 

emergency 396–7, 824–5, 827; and 
SCD 176

contractures: and Buruli ulcer 642; in 
paraparesis 403; prevention of 418–19; 
and spinal cord injury 408–10, 412; see 
also uterine contractions

control groups, level of care for 102
controlled cord traction: after delivery 

154–5, 155; in multiple pregnancy 
234; and PPH 189–90; and retained 
placenta 197

controlled delivery 143
controlled drugs 20, 68–9
controlled drugs records book 20
conversion headache 389
convulsions: and apnoea 365; and cer-

ebral malaria 739, 741; differential 
diagnosis of 204–5; and eclampsia 
203; and immunisation 93; and mal-
nutrition 522; in meningitis 599; and 
meningococcal disease 650; multiple 
279, 738; neonatal pathway of care 
373; in palliative care 89; and pertussis 
654; and poisoning 811; and pulmonary 
embolism 223; in severe malaria 280, 
283, 742; and stroke 536–7

convulsive status epilepticus (CSE) 403, 
606, 610–11

Coombs’ test 25, 369, 371, 540, 542
copper poisoning 488
corneal culters 107, 590
corneal opacity (CO) 107, 664
corneal scarring 512, 591, 663
corneal ulceration 512, 517, 590–1, 

710, 720
corneal xerosis 512
coronary artery aneurysms 571
corrosive agents, poisoning with 813–14
cortical blindness 592
corticosteroid excess 503
corticosteroids: and body surface area 

893; and dyspnoea 88; and eczema 
627; and headache 389; and IBD 562; 
and meningitis 598; and rheumatic 
disease 571–4; and spinal cord com-
pression 89; and surfactant defi ciency 
245; and TB 667; and typhoid 674

cortisol levels 85, 89, 499–500, 502–3, 
596

Corynebacterium diphtheriae 643
coryza 422, 424, 436, 438, 658, 719
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Côte d’Ivoire 301, 688, 727
cough: clearing airway obstruction 53; 

and HIV 701; in palliative care 88; and 
pulmonary embolism 223; and relapsing 
fever 655; and scrub typhus 677; and 
VHFs 727; see also chronic cough

counterfeit medications 576
counting grid 870
Couvelaire uterus 317
cow dung 106–7, 633
Coxiella burnetii 675
coxsackie 354, 574, 686, 721
CPAP (continuous positive airway pres-

sure): and ACS 536; air fl ow in 133; 
in children 845–6; diagram of 846; in 
emergencies 37; and epiglottitis 424; in 
high- dependency care 67, 69; in infants 
363; intubation in 864; nasal 362–3, 
363, 366, 430–1, 846; in neonates 365

CPOD (chronic papular onchodermatitis) 
758

CPR (cardio- pulmonary resuscitation): 
abandoning 52; and BLS 45; and 
Caesarean section 52; and cardiac 
arrest 63–5; continuing 49; and drown-
ing 797–8; and electrical injuries 795; 
in pregnant women 66; and uterine 
rupture 216

cranial irradiation 582–3
cranial nerve palsies 389, 583, 595, 

605, 667
cranial ultrasound 372
cranial X- ray 793
craniocentesis 322–3, 327
craniofacial syndrome 429
craniopharyngioma 389, 504, 584
craniosynostosis 501
craniotabes 491, 514
craniotomy: delivery after 239; and hae-

matoma 793; procedure for 321
creatine kinase activity, elevated 616, 

648, 707
creatine phosphokinase (CPK) 615, 644, 

816
creatinine: and dehydration 471; in dialy-

sis 484; normal plasma concentrations 
of 471

cretinism 501, 515
CRF (chronic renal failure) 480, 485–6, 

514, 539, 659, 753
cricoid pressure: in airway management 

35; in anaesthesia 121, 124, 126–7; 
and anaphylaxis 425; and intubation 
130, 839

cricothyroidotomy: in children 840; com-
plications of 841; equipment for 109, 
124; and ingestion burns 803

cricothyrotomy 124, 422–3, 771–2
critical incident audit 144
Crohn’s disease 380, 383, 386, 561–3, 

561–2, 565–7, 636
cromoglycate 590
Crosby–Kugler capsule 568
cross- infection, minimising risks of 7–8, 

10
croup: and airway obstruction 52, 

422; disorders embraced by 422–3; 
emergency treatment of 35, 423; and 
epiglottotis 424; and measles 720; 
severity of 423

CRP (C- reactive protein): and IBD 561; for 
infants 351, 353; and PPROM 245–6

CRT (capillary refi ll time): and dehydration 
271; normal 879; in obstructed labour 
214; and septicaemia 352–3; in shock 
38, 459, 466, 787

crude oil 106
crush injuries 766, 782, 784, 787
crutches 303, 408, 419
cryoprecipitate: after delivery 164; and 

amniotic fl uid embolism 226; in obstetric 
haemorrhage 184, 188

cryptococcal meningitis 29, 697, 700
cryptococcosis 697, 707–8
Cryptococcus 602–3, 605
Cryptococcus neoformans 593, 598, 

700, 704
cryptoorchidism 500, 504, 629
cryptosporidiosis 556, 705, 747
Cryptosporidium: and diarrhoea 546, 

551; and HIV 493; and persistent diar-
rhoea 556

crystalloid fl uid resuscitation 39, 170–1, 
178–9, 194, 462, 806

crystalloid fl uids: choice of 16–17, 169; 
commonly available 883; and dengue 
685; and shock 168

crystalloid fl ush, in cardiac arrest 62
crystalloid infusions 14
crystals, in urine microscopy 869

CSF (cerebro- spinal fl uid): bacteria in 355; 
clinical chemistry tests 28; draining 321, 
323; in hydrocephalus 619; leakage 
123, 779, 794; and meningitis 355, 
597, 598, 651, 667; microscopy of 26, 
28, 354, 603, 866; in poliomyelitis 722; 
in spinal anaesthesia 123

CSF examination 389, 586, 603
CSF protein levels 355, 614, 722, 731
CSOM (chronic suppurative otitis media) 

428
CT scan: and amoebiasis 747; for cancer 

577–8, 583, 585–7; and coma 268, 
596; and headache 389; and hydro-
cephalus 619; and retropharyngeal 
abscess 429; in trauma 779, 783–4

CT scanners 13, 783
CTC (community- based therapeutic care) 

516, 527
CUC (cow’s urine concoction) 106
culdocentesis 178, 222, 305
Culex mosquitoes 604
cultural bereavement 114
cultural differences: abusive 96; and 

death 91; and employment discrimi-
nation 10; ethics of 101–2; in pain 
experience 70, 80

cupping 515, 819
cure4kids 576, 587
curettage, evacuation by 180
curved- blade laryngoscope 131, 838, 

839
Cushing’s disease 503
Cushing’s response 40, 780
Cushing’s syndrome 503–4, 574
Cushing’s triad 266
cushions 417
cutaneous larva migrans 749–50
cutaneous shunts 489–90
CVP (central venous pressure): in ALF 488; 

insertion of line 188, 206; measuring 
252; monitoring 69, 170, 208, 250, 
464, 549; optimising 171, 179; and 
shock 459, 464–5

CVS (congenital varicella syndrome) 291, 
644, 680

cyanide 805, 808
cyanosis: and ALRIs 437; and amniotic 

fl uid embolism 225; and anthrax 678; 
and chest trauma 781; in examina-
tion 30; and heart failure 40, 522; and 
hepatopulmonary syndrome 490; and 
LIP 703; and malaria 743; and measles 
720; in older infants 449; oxygen treat-
ment for 58; and PCP 701; peripheral 
271, 463; and pertussis 654; and pneu-
monia 439; and pulmonary contusion 
781; and pulmonary embolism 223; in 
RDS 363; respiratory and cardiac 446; 
and respiratory distress 37, 361; and 
septicaemia 352; and tetanus 375; in 
triage 31; and heart defects see cyanotic 
congenital heart defects

cyanotic breath- holding 387, 616
cyanotic congenital heart disease 40, 339, 

446–51, 448–9, 454
cyclizine 75, 86–7, 90, 251
cyclopentolate 588
cyclophosphamide: in chemotherapy 577, 

581–3, 585–7; and nephrotic syndrome 
476; and SLE 573

cycloserine 287–8, 670
cyclosporine 476, 744
cystic fi brosis 442–5; and asthma 431; 

and diarrhoea 380; and portal hyper-
tension 491

cystic hygroma 630, 632
cystitis 286, 472, 478, 480, 586
cytomegalovirus (CMV) 687; and anae-

mia 530; and bilirubin levels 368; and 
exchange transfusion 370; and HIV 493, 
704–5

cytosine 582
cytotoxic drugs 383, 488, 578, 580–1

danthron 89
dapsone 541, 645–6, 701–2, 709, 817
daunorubicin 582
day/night cycle 76
DBS (dried blood spots) 444, 688, 693
DDAVP 504, 543
DDT 278, 655
de- infi bulation 300
De Lees incision 315
dead bodies, refrigeration of 10
dead fetus, retained 186
dead space, in IV administration 17–18
dead tissue 417, 641, 794, 802, 809
deafness: conductive 401; and cretinism 

515; facilities for 405; and jaundice 

368, 399; and meningitis 599, 653; 
and syphilis 290

death: and attachment behaviour 112; 
children’s understanding of 114–15, 
117

death of patient: infection control after 
9–10; preparation for 91

death rattle 90–1
DEBONEL (Dermacentor- borne- necrosis- 

escharlymphadenopathy) 675
debridement: of fractures 765; of gunshot 

wounds 802
debris, in urine microscopy 869
DEC (diethylcarbamazine citrate) 757–8
decapitation 234, 323–4
decerebrate attacks 618–19
decerebrate posture 40, 595, 741
decision making: information for 100; 

in triage 30
decorticate posture 595, 741; and neu-

rological assessment 40
decortication 633
Deferasirox/Deferiprone 532, 538, 542
defi brillation 862; and heart failure 40; 

protocol for 64, 862–3; see also AEDs
defl exion 240
degenerative conditions 89
degree of dehydration: and diarrhoea 545; 

in DKA 262–3, 494; estimating 547; in 
gastroenteritis 271

dehydration: and body weight 545; in chil-
dren 394, 399; classifi cation of 270–1, 
463 (see also degree of dehydration); 
and constipation 87; and dengue 684; 
in diabetes 261; and DKA 39, 262, 494; 
ECF volume defi cit in 470; emergency 
treatment for 271–2; home therapy for 
552–3; and hypercalcaemia 407; and 
hyperemesis 138; and hypovolaemia 
470; and intestinal obstruction 636; and 
intussusception 635; and malaria 283–
4; and malnutrition 517; and NSAIDs 73; 
ORS for 553–4; and pertussis 654; and 
pulmonary embolism 223; respiratory 
rate in 437; and SCD 174, 533–4; in 
triage 32; and urinary stones 479

delayed puberty: and anaemia 530; 
causes of 503; and hypothyroidism 501; 
and juvenile idiopathic arthritis 572; and 
malabsorption 566; and SCD 538; and 
thalassaemia 541

delirium, febrile 609
delivery: and APH 189; blood loss in 172; 

in Caesarean section 316; estimated 
date of (EDD) 137–8; for HIV- positive 
mothers 274–5; life- threatening compli-
cations of 166; in mothers with diabetes 
262; normal process of 154, 298, 300, 
322, 332; in pre- eclampsia 209; timing 
of 175; vaginal bleeding after 164

delusions: and schizophrenia 508; soma-
toform 649

Democratic Republic of Congo 645, 727, 
827

dengue 681–5; degrees of severity 681; 
management of 684

dengue fever 385, 593, 647–8, 682–3
dengue haemorrhagic fever see DHF
dental infections 721
dentition, delayed 514
departmental meetings 10–11
depressed conscious level: and asthma 

257; and heart failure 252; and inverted 
uterus 250; in PPH 192; and pulmonary 
embolism 224; in resuscitation 178, 
187; and seizures 43; and upper airway 
obstruction 422

depression: and abuse 820; antenatal 
293; in children 404; and grief 112–13, 
116; and hyperemesis 251; postnatal 
96, 157, 210, 292–4, 297, 507

depressive delusions 294
depressive illness 293, 298, 505–7, 810
dermatitis: and schistosomiasis 752; 

seborrhoeic 709
dermatomyositis 571–3
dermatosis 93, 513, 523–4
dermoid cysts 866
desferrioxamine: and diarrhoea 535; in 

iron chelation 26, 535, 537–8, 542; and 
iron poisoning 812; and pregnancy 175

desmopressin 89, 543
desquamation 385, 517, 523, 571, 658, 

804
destructive procedures 241, 244, 248, 

321–3
detonation injuries 799
developmental aids 419
developmental assessment 402
developmental coordination disorder 404

developmental delay: aids for children 
with 419; assessing 30, 402; and burns 
803, 810; and cerebral palsy 403; and 
cretinism 515; and HIV 689, 706; and 
hypothyroidism 501; and sleep- related 
upper airway obstruction 429

developmental dysplasia of the hip 352, 
622–3

developmental milestones 402
developmental regression 706
deworming 532
dexamethasone: and airway resuscitation 

35; avoiding drug interactions 90; in 
cancer therapy 582, 584; and coma 
268, 596; and conjunctivitis 590; and 
croup 423; and CSE 611; and diphtheria 
644; equivalents in other drugs 881; and 
headache 389; and meningitis/enceph-
alitis 41, 598; and multiple pregnancy 
233; in palliative care 85–9; and PCP 
701; and poisoning 813; and PPROM 
245; and pre- eclampsia 202, 208; and 
RICP 43, 619; and spinal cord injury 
406; and surfactant defi ciency 330; and 
TB 667; and typhoid 674

dextrose: concentration of 14, 16–17; in 
neonatal resuscitation 339

dextrose/glucose infusion 168
dextrose saline 171, 268, 348
Dextrostix 870
DHF (dengue haemorrhagic fever) 460, 

676–7, 681–5; clinical course of 683; 
management of 685; pathophysiology 
of 682

diabetes: and anaesthesia 122; and fetal 
distress 231; fits and faints in 387; 
herbal remedies for 105; and hypogly-
caemia 498; newly diagnosed children 
with 496–8; and shock 167; and shoul-
der dystocia 217; and stillbirths 229

diabetes insipidus 504, 560
diabetes mellitus: and cystic fi brosis 445; 

family history of 136; and hypothyroid-
ism 501; management of 261; and 
pre- eclampsia 202; and Streptococcus 
659

diabetic mothers 351–2, 373–4, 499
diagnostic imaging 12–13, 474, 576–7
dialysis: and ARF 481–5; in CRF 485; 

and HUS 478; and nephrotic syndrome 
475; and septic shock 467; and yellow 
fever 729

diamorphine 83
diaphragmatic breathing 407, 444, 

783–4
diaphragmatic hernia 339, 361–2, 

364–5, 564
diaphragmatic injuries 781
diarrhoea: defi nition of 545; and appendi-

citis 634; assessment of 545; in bowel 
training 412; causes of 380; chronic 
380, 443, 705, 710; and dehydration 
518–19, 546–9; and ectopic preg-
nancy 178; and HIV 688, 695; and 
HUS 478; investigations for 380, 546; 
and leptospirosis 647; and malabsorp-
tion 566; management of 546, 551, 
557; and measles 719–21; neonatal 
355; and pellagra 513; and poisoning 
811–12; and portal hypertension 492; 
and premature labour 244; re- feeding 
522, 526–7; and salmonella 674; and 
schistosomiasis 752; and severe malnu-
trition 516, 523–4; and shock 166; and 
thyrotoxicosis 501; and VHFs 726–7; 
WHO treatment plans for 552–6

diarrhoea/vomiting, in triage 32–3
diarrhoeal diseases 28, 544
diazepam: in anaesthesia 130; for children 

41; and convulsions 108, 207, 210, 
794, 811; and CSE 611; in emergency 
room 110; and ketamine 125; and 
malaria 741; maternal 341; in neonates 
354, 372; in palliative care 84, 88–90; 
and rabies 723; route of administration 
90; as sedative 127; in severe malaria 
280, 283; and tetanus 375, 661–2; see 
also rectal diazepam

DIC (disseminated intravascular coagu-
lation): and amniotic fluid embolism 
225–6; and anaemia 383; and APH 
185–6; and galactosaemia 488; and 
heat stroke 798; and liver failure 486; 
and placenta accreta 199; and PPH 191, 
198, 200; and pre- eclampsia 202, 209; 
and resuscitation 188; and transfusions 
22, 24–5

diclofenac 72–3, 82
dicloxacillin, and pneumonia 440
diet: and diabetes 497; and vitamin A 512
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diethylcarbamazine 750, 756
diffuse lymphadenopathy 666, 710
dignity: of adolescents 396; of children 

89, 393; dying with 101; in vaginal 
examination 328

digoxin 40, 252–4, 357, 452, 455
dihydroartemisinin (DHA) 279, 740
diloxanide 747
diphenhydramine hydrochloride 709
diphtheria 643–5; clinical features of 

643; complications of 644; cutaneous 
642; immunisation against 92, 95; as 
neuropathy 614; and stridor 422, 425; 
and tonsillitis 427

diplegia, spastic 403
disability: secondary 418; and trauma 

770; young people with 396
disabled children 397–402, 404–5, 418; 

abuse of 819; aids for 418; equipment 
for assessment 418

disaccharide intolerance 380
disasters 110–11, 114, 117–18, 543, 

769
discharge information 29–30
discharge planning, inadequate 529
disinfectant cream 144, 147–8, 312, 350
disinfectants: preparation of 8–9; supply 

of 4; use of 7–8
disinfection 6–9, 728, 842
disseminated tuberculosis 93, 666, 734
dissociative shock 166, 459
distal humeral fractures 768
distal intestinal obstruction syndrome 

443, 636
distal radial fractures 769
distraction techniques 70, 837
distributive shock 166, 459
diuretics, and heart disease 254
diversional therapy 86
Djibouti, FGC in 299, 301
DKA (diabetic ketacidosis) 262–5; and 

acidotic breathing 42; in children 
494–7; and coma 593; and dehydra-
tion 270–1; pathway of care for 264; 
risks of developing 261; and shock 39, 
167, 463; and vomiting 384

dobutamine: and dengue 685; and heart 
failure 455; in high- dependency care 
853; in septicaemia 354; and shock 171

dog bites 723, 794
dog faeces 749, 751
doll’s head manoeuvre 595
domestic violence: and child abuse 819; 

and hyperemesis 252; observing 96; 
and pregnancy 301–2, 785–6; and 
pregnant mothers 96; and uterine rup-
ture 215

domperidone 75, 86–7, 564, 684
dopamine: in cardiovascular collapse 451; 

and dengue 685; and heart failure 455; 
in high- dependency care 853; in sep-
ticaemia 354; and shock 171, 468; 
surges of 851; venous administration 
of 852

Doppler ultrasound 14
DOT (directly observed therapy) 277, 704
DOTS (directly observed treatment: short- 

course) 288–9, 669
double mucus trap 335
double vision: and anti- epileptics 608; and 

botulism 640; and cancers 586; and 
magnesium toxicity 207; and migraine 
617; and RICP 618; and squint 592; 
and Wernicke–Korsakoff syndrome 251

douche system, sterile 249
Down’s syndrome: and autism 510; 

and duodenal atresia 377; and 
Hirschsprung’s disease 636; and intu-
bation 130, 839; and learning diffi culties 
404; protocol for 400; and sedatives 78; 
and sleep- related upper airway obstruc-
tion 387, 429; and spinal cord injury 406

doxorubicin 582–3, 586–7
doxycycline: and cholera 551; and fi la-

riasis 756; and leptospirosis 648; and 
Lyme disease 649; and onchocerciasis 
758; and quinine 740; and relaps-
ing fever 655; and rickettsial disease 
676–7; and STIs 657–8

DPL (diagnostic peritoneal lavage) 782
DPT (diptheria, pertussis and tetanus) 

93–4
dreams 112, 115, 117, 440, 509
dressing changes: in burns 808–9; in 

fungating wounds 90
drinking water: fi ltration of 755; in labour 

143
drowning 796–8; and cardiac arrest 44, 

55; and hypothermia 63; in low- income 
countries 769–70

drowsiness: and DKA 262; and hypoten-
sion 38; and hypoxia 37; and opioids 
83–4; in shock 787

drug abuse 365, 387, 506–8, 810
drug doses, measuring 17, 19
drug errors, minimising 17–18, 850–3
drug eruptions 709–10
drug ingestion, accidental 384
drug interactions: and anti- epileptics 608; 

and ARVs 699; and erythromycin 357; 
iron and methyldopa 202; and traditional 
medicine 105

drug overdose, intentional 63, 810
drug side effects, in HIV 709
drug storage 19, 69
drug withdrawal 377
DSD (disorders of sexual development) 

502–3
DTIC 586
DTP vaccine 425, 654
Duchenne muscular dystrophy 613, 

615–16
dudeno- jejunal biopsies 568
dulcolax 83, 411–12
duodenal atresia 377
duodenal ulcer 564
DVT (deep vein thrombosis): in coma 

268, 597; and endometritis 304; and 
hyperemesis 251; and PPROM 245; 
and pre- eclampsia 211; and puerperal 
sepsis 221; and pulmonary embolism 
223; treatment of 225

dying patients, attempting to prolong life 
of 101

dysentery: amoebic 546, 551–2; and 
antibiotics 544, 551; classifi cation of 
545; and gastroenteritis 382; and HUS 
478; in infants 355; and malaria 284; 
in neonates 355; and re- feeding 526

dysmenorrhoea 383
dysmorphism 399
dyspepsia 403, 563
dysphagia: and morphine administraiton 

83; and relapsing fever 655
dysphasia 604, 619
dysplasia 333, 364, 485, 572, 629
dyspnoea: and amniotic fl uid embolism 

225; and anaemia 383; and anaphylaxis 
24–5; and anthrax 678; and asthma 
431; and chest trauma 781; exertional 
490; and FBAO 53; and heart disease 
122, 255; and heart failure 531; and HIV 
701; and mitral regurgitation 452; and 
oedema 388; in palliative care 87–8; 
paroxysmal nocturnal 254–5, 452; and 
pulmonary contusion 781; and pulmo-
nary embolism 223–4; and relapsing 
fever 655

dysrefl exia 411, 415
dystonia 75, 402, 509
dysuria: and cystitis 286; and leptospiro-

sis 647; and schistosomiasis 753; and 
sexual abuse 821; and STIs 657

earache, referred 427
early pregnancy: abdominal pain in 158; 

dating 137; diabetes in 261; and ectopic 
pregnancy 178; ketamine in 125; nau-
sea and vomiting in 138; shock in 169; 
vaginal bleeding in 162–3

Eastern Cape 107
eating and drinking aids 419
eating disorders 396, 821
Ebola 487, 686, 727–8
EBV (Epstein–Barr virus) 687; and glandu-

lar fever 428; and leukoplakia 705; and 
LIP 702; and lymphoma 575

ecchymoses 385, 514, 571, 705, 719
ECF (extracellular fl uid) 470–1
ECG (electrocardiogram): and amniotic 

fl uid embolism 225; in anaesthesia 130; 
in arrhythmias 456, 458; and cardiac 
arrest 62; cardiomyopathy on 455; and 
diptheria 644–5; and DKA 263; for 
Down’s syndrome 400; and Guillain–
Barré syndrome 615; heart defects on 
448, 450–3; and heart failure 453–4; 
in needle pericadicentesis 862; and 
pheyntoin 611; and pulmonary embo-
lism 224; and rheumatic heart disease 
254; and tachycardia 40

ECG monitors: in emergency room 110; 
in high- dependency care 69

Echinococcus 750–1
echocardiography: and aortic regurgi-

tation 255; and diphtheria 644; and 
disabled children 400; and endocarditis 
456; and heart defects 447, 449, 451–
2; and heart failure 455; and rheumatic 
disease 571; and SCD 174

eclampsia: in adolescent girls 395; and 
amniotic fluid embolism 226; and 
anaesthesia 121, 124; and APH 186; 
and convulsions 203, 205; emergency 
box for 210; emergency drug treat-
ment of 206–7; and ergometrine 154, 
190; impending 32, 161, 203, 207; and 
ketamine 125; and magnesium sulphate 
63; and pre- eclampsia 201; respiratory 
diffi culties in 37; and RICP 265, 267; 
and severe malaria 280, 283

eclamptic fi ts 266
econazole 591
ecthyma 626
ectopic pregnancy: and antenatal care 

137–8; blood loss due to 171; causes 
of 177; and endometritis 220; implan-
tation of 177–8; and IUCDs 304; and 
miscarriage 181; ruptured 32; shock 
due to 166, 178–9; symptoms and 
signs of 178

ectropions 183
ECV (external cephalic version) 138, 233, 

235, 241–2, 242, 244
eczema: and anaphylaxis 258, 425; and 

asthma 431–2; and croup 422; man-
agement of 627

EDTA (edetate calcium) 22, 814
EEG (electroencephalogram): and coma 

596; and CSE 612; and encephalopathy 
602–4; and meningitis 596; and neo-
natal seizures 372; and seizures 606

efavirenz (EFV): for children 697; dosage 
for children 715; and malaria 741, 745; 
and MDR- TB 670; for pregnant women 
274–5, 695

effacement 146, 148, 150–1, 159
effusion, and dyspnoea 87
efl ornithine 730–1
EgAr device 193, 310–11, 310
egg allergy 93
Egypt, FGC in 299, 301
Ehrlichia 675
ehrlichiosis 648, 675–6
Eisenmenger’s syndrome 453
elapids 815
electrical injuries 795–6, 805
electricity supply, in hospitals 4
electro- chemiluminescent tests 641
electrolyte balance: in children 469; in 

coma 268
electrolyte disturbances: in diarrhoea 

550; and drowning 797; and exchange 
transfusion 23; and traditional medicine 
108; in trauma 780; and trypanoso-
miasis 731

electrolyte management 104, 263, 347, 
882

electrolyte/mineral solution, concentrated 
519, 520

electrolyte requirements, normal 883
electrolytes, in IV fl uids 17
elephantiasis 642, 755–7
ELISA (enzyme- linked immunosorbic 

assays): and botulism 641; and HIV 6, 
524, 656, 690, 692–3; and leishma-
niasis 734; and leptospirosis 647; and 
rickettsial disease 676; and VHFs 727; 
and yellow fever 729

elliptocytosis 383, 539–40
emergencies: for mother and baby 157; 

structured approach to 32, 34
emergency ambulance service 68, 139, 

769, 771
emergency box 210–11, 210
emergency drugs 14, 32, 306, 335
emergency equipment: keeping available 

32; necessary 109–10; training in 34; 
and transport 97

emergency examination checklist 29
emergency intubation 56, 662
emergency management: in childbirth 

143; training in 10–11
emergency manouevres, basic 346
Emergency Medical Services (EMS) 44–5
Emergency Obstetric and Neonatal Care 

(EmONC) 305–6
emergency obstetric care 229
Emergency Room 109
emergency services: for adolescents 396; 

contacting 49
emergency surgical airway 55
emergency transport system 97
emergency treatment: for airway and 

breathing 42; for circulation 42; consent 
in 100; in neurological resuscitation 41; 
situations for 37

emergency treatment plans 762
EMG (electromyogram) 615, 707
EMLA skin anaesthesia 75, 128

EmOC (emergency obstetric care) 97, 
137, 139, 153

emollients 8, 625, 627, 822
EmONC (Emergency Obstetric and 

Neonatal Care) 305–6
emotional abuse 301, 818–20, 827
emotional trauma, and DSD 503–4
emotions, labile 295
empyema 441: diagnostic tests for 

843–4; and pleural effusion 441; and 
pneumonia 269, 658; and salmonella 
674; and thoracocentesis 842

empyema thoracis 632–3
EMS (Emergency Medical Services) 44–5
enalapril 253, 469
encephalitis: and ADHD 511; aetiology of 

601–2; and antibiotics 43; and chick-
enpox 680; and coma 268; diagnosis 
of 269; features of 602; and headache 
389; and HIV 706; investigations in 
602, 603; and Lyme disease 649; and 
measles 720; and rabies 723, 725; and 
resuscitation 41; and seizures 203; and 
toxoplasmosis 747; use of term 601; 
viral 598, 603–5, 603, 605

encephalomyelitis 601
encephalopathy: and beriberi 513; and 

coma 268, 596; in HIV 689, 706, 708; 
hypertensive 200, 593; and hypogly-
caemia 498; hypoxic/ischaemic 268, 
371–2, 376–7; and measles 721; and 
poisoning 812–14; and respiratory 
depression 37; use of term 601; and 
vaccines 93; and VAD 513

encopresis 559, 820
end- of- life ethical issues 101
endocarditis: and chickenpox 680; infec-

tive 454–6, 660; and strongyloidiasis 
759

endocrine disorders: and hypertension 
201; and hypoglycaemia 498; and rheu-
matic disease 572–3

endometritis: defi nition of 220; conse-
quences of 304; and malaria 284; and 
shock 169

endosymbiotic bacteria 756–7
endotracheal tube: for anaesthesia 124, 

127, 129, 133; in burns 808; and chest 
trauma 781; for children 424, 838–9; 
correct placement of 772; in emergency 
room 109; and envenomation 817; fi xa-
tion of 840; in high- dependency care 
69; and hypothermia 797; measure-
ments of 881; misplacement of 790–1; 
in neonatal resucitation 335, 339; in 
shock 38; and ventilation 845

enemas: anticonvulsant 207; and consti-
pation 560; traditional 105, 107

English language texts 11
enlarged liver: and anaemia 383; and CLD 

489; and generalised oedema 388; and 
heart failure 25, 223, 252; and HIV 689; 
and LIP 702; and over- hydration 272; 
and relapsing fever 655

enoxaparin 225
ENT surgeons 68, 423–4, 619, 771
Entamoeba histolytica 26, 28, 380, 561, 

705, 747
enteral feeding: in cancer treatment 581; 

and CLD 493; and diarrhoea 557; and 
hypoglycaemia 374; for LBW 345–7; 
and NEC 377–8; procedure for 16; and 
septicaemia 354

enteral fluid, reintroduction of 272, 
549–50

Enterobacter cloacae 350
Enterococcus 350, 353, 355
enterocolitis 636
enteropathy: in HIV 705; of malnutrition 

557; protein- losing 388, 748
enteroviruses 455, 487, 574, 601–4, 

615, 721
enthesitis 572
Entonox 150, 777–8
entropion 663–4
enuresis 89, 820
envenomation 815–18
enzyme defi ciency 383, 540
eosinophilia: and encephalitis 606; and 

fi lariasis 756; and hydatids 751; and 
liver fl ukes 754; and schistosomiasis 
752; and strongyloidiasis 759; and 
worm infestation 749

EPDS (Edinburgh Postnatal Depression 
Scale) 292, 294, 297–8

ependymoma 577, 584
ephedrine 122–4, 210, 427
EP I  ( E xpanded  P r og r amme  on 

Immunisation) 92–4, 663, 674, 710, 
725; vaccination schedule 92
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epidermoid cyst 631–2
epidermolysis bullosa 385
Epidermophyton 627
epididymitis 658
epididymo- orchitis 629, 721
epidural anaesthesia 150, 176, 253, 316
epigastric pain 136, 140–1, 203, 209, 

563–4, 608
epiglottitis: acute 424; and airway 

obstruction 52, 422; in children 35; 
and fever 437; immunisation against 
436; signs of 42

epilepsy: and ADHD 511; and anticonvul-
sants 85; common syndromes of 607; 
and CSE 610; diagnosis of 606; early 
traumatic 794–5; and febrile seizures 
609; history of 267; and malaria 739; 
and meningitis 599; prognosis of 607; 
and sedation 77; seizures in 387; treat-
ment of 607–8

epinephrine 724, 744, 816–17, 851–2, 
881

epiphyseal fractures 784
episiotomy: in breech delivery 243; in 

forceps delivery 313; and heart failure 
253; in HIV- positive mothers 274; in 
labour 153; procedure for 324; protect-
ing baby’s head in 325; repairing 156, 
324–5; and shoulder dystocia 218; and 
vacuum delivery 308

epispadias 630
epistaxis 383, 544, 586, 647, 734, 738
epithelial cells 443, 566, 868–70
Epstein–Barr serology 391
equipment: bloodstained 9; cleaning 8; 

essential 27
Erb’s paralysis 217–18
ERCP (endoscopic retrograde cholangio-

pancreatography) 567
ergometrine: after delivery 154; and 

atonic uterus 318; and miscarriage 
180; and PPH 190, 192, 319; and pre- 
eclampsia 210; storage of 19, 154

Eritrea, FGC in 299
erysipelas 658, 756
erythema: and burns 804, 806; and IV 

infections 18
erythema marginatum 385, 570, 659
erythema migrans 649
erythema multiforme 385, 709
erythema nodosum 386, 646, 666
erythematous rashes 574, 655, 689
erythromycin: and Campylobacter 679; 

and cholera 551; and cholestasis 493; 
and conjunctivitis 356, 590; and diph-
theria 644; and encephalitis 605; and 
leptospirosis 648; for neonates 358; and 
pertussis 654; and pneumonia 440; and 
PPROM 245, 331; and relapsing fever 
655; routes of administration 17–18, 
851–2; and STIs 656–7; and syphilis 
290; and tonsillitis 427

erythromycin prophylaxis 174
erythropoietin 485
eschar 675–8, 807, 817
escharotomy 804, 808–9
Escherichia coli: and cancer 580; in HIV 

705; hospital- acquired 362; and menin-
gitis 597; and persistent diarrhoea 556; 
and sepsis 220, 350, 353; and UTI 473; 
see also ETEC

ESR (erythrocyte sedimentation rate): 
equipment for measuring 27; and IBD 
561–2; and lymphadenopathy 631; 
and malabsorption 566; normal 879; 
and orthapaedic problems 620–2; and 
rheumatic disease 659

ESS- ECTH (Emergency Child and Trauma 
Health) 109

ESS- EMNH (Emergency Maternal and 
Neonatal Health) 109

Essen regimen 723
ETAT (Emergency Triage Assessment and 

Treatment) 109, 811
ETEC (enterotoxigenic E. coli) 545, 551
ethambutol 287–8, 667, 669–71
ethanol 267, 351, 353
ether 14, 126, 129
ethics 98–103
ethionamide 287–8, 670
Ethiopia: EPDS in 294; FGC in 299, 301; 

guinea worms in 754; Leishmania in 
733

etomidate 200
etoposide 580–2, 585
Eustachian tube obstruction 427
euthanasia 101
evisceration 323
Ewing’s sarcoma 586–7
examination: basic equipment for 29; 

conduct of 29–30; recording fi ndings 
of 30

examination light, portable 69
exchange transfusion: complications from 

859; and jaundice 370–1; and resus-
citation 39–40; and SCD 173, 536–7, 
539; uses of 23

exhaustion, and respiratory failure 36, 131
exophthalmos 502, 582
expiratory noises 36, 131, 843
extensor spasms 487, 606–7
external jugular veins 856: access to 178, 

194; cannulation of 776, 856
extra digits 333, 352
extradural haematoma 788, 793
extradural haemorrhage, acute 779
extrapulmonary tuberculosis 287–8, 

666, 697
extravasation: and cannulation 858; and 

gunshot wounds 801–2; and IV fl uids 
375, 458, 661, 731, 852

extreme- drug- resistant TB (XDR- TB) 670
extremity injuries 784
eye contact 402–3, 510
eye disease, and onchocerciasis 758
eye drops 19, 128, 358, 572, 589–92
eye examination 572, 588–90, 588
eye infections 401
eye medications, traditional 107
eye movements, conjugate 741
eye padding 268, 523, 597, 720–1
eye pointing 419
eyelid drooping 251
eyelid oedema 357, 744
eyelid retraction 520
eyes: enucleation of 107, 577, 585, 592; 

signs of VAD in 512
EZ- IO drill 548, 861

F-75 520, 524–6, 525; homemade 526
F-100 407, 522, 526–7, 529; home-

made 526
fabricated illness see FII
face masks: in emergency room 109; in 

high- dependency care 69; in ventila-
tion 58–60

face presentation 239–40, 307, 312
facial burns 808
facial nerve paralysis 351, 428, 649, 680
facial nerves, injury to 313
faecal clinical chemistry tests 28
faecal discharge 163, 633
faecal impaction 560
faecal soiling 560
failure to thrive: and abuse 820; and cystic 

fi brosis 443; differential diagnosis of 
443; and heart failure 454; and HIV 700; 
and malabsorption 566; mechanisms of 
386; and rheumatic disease 569; and 
thalassaemia 541

faints: in children 387; investigations in 
387

falciparum malaria 276, 278–80, 728, 
739–41, 745

Fallopian tube: implantation in 177; rup-
tured 177

falls, in pregnancy 786
false localising sign 389, 650, 793
families: in care of children 392; caring for 

patients 6; of dead patients 9–10; and 
dying children 79–80, 90–1; estimat-
ing pain in child 70; ill treatment and 
abuse in 96; intensive care facilities 
for 68; living with HIV 711; and mental 
health disorders 505; of preterm infants 
340–1; supporting grief in 116, 117, 
120; violence in see domestic violence

family counselling 268, 597
family history: in antenatal care 136; 

recording 29; in resuscitation 43
Fanconi’s nephropathy 488
fans, portable 69
fascioliasis 754
fasciotomy 785, 795, 817
fast breathing, defi nitions of 36
fat malabsorption 390, 515
fatigue, and respiratory failure 36, 131
fatty acids, polyunsaturated 493
favism 540–1
favus 627
FBAO (foreign body airway obstruction) 

31, 35, 42, 52–4, 422–3
FDCs (fi xed- dose combinations) 279, 287, 

697, 739
FE (fractional excretion) 471
febrile convulsions: and crude oil 106; 

fi ts and faints in 387; and tonsillitis 427
febrile illness: and headache 389; and 

malaria 278
febrile non- haemolytic reactions 24–5

febrile seizures 608–10, 719
feeding, uncoordinated 349
feeding diffi culties 348, 394, 399, 401, 

403, 419
feet, tiptoeing of 410
female genitalia: examination of 831–2; 

normal external 306; see also FGC
femoral block 128
femoral cannulation 857–8, 857
femoral fractures 767, 774
femoral pulses, examining 30
ferrous fumarate 172, 282, 531, 745
ferrous sulphate: and anaemia 172–3; 

and severe malnutrition 523
FES (Fasciola excretory- secretory) anti-

gen 754
fetal alcohol syndrome 404, 510–11
fetal asphyxia 209, 227–8
fetal assessment, in obstetric haemor-

rhage 189
fetal blood sampling 230–1, 240
fetal compromise 38, 147, 232
fetal condition 147, 209, 230
fetal death: and blunt trauma 785; 

destructive procedures relevant to 
324; and domestic violence 302; in 
obstructed labour 215, 321; ultrasound 
fi nding of 182; in utero (IUFD) 228–9; 
and vasa praevia 186

fetal descent 149: in face presentation 
240; in normal labour 148–9, 153; 
obstruction of 211

fetal distress: and assisted delivery 
154, 307; and blunt trauma 785; and 
Caesarean section 313; during labour 
230; and episiotomy 153; manag-
ing 232; and maternal SCD 174; and 
maternal shock 167; in multiple preg-
nancy 234; and nifepidine 246; and 
pre- eclampsia 209; and prolonged 
pregnancy 150; signs of 212

fetal haemoglobin 366, 538
fetal head: arrested 241; hyper- extension 

of 242, 244; malpositions of 237–8
fetal heart: auscultation of 137, 143, 185, 

188–9, 227, 247; and resuscitation 
30, 124

fetal heart monitor: as basic equipment 
144; in high- dependency care 69

fetal heart rate: absent 160, 163, 184, 
228; accelerating 230–1; falling 212, 
231; in induction of labour 152; in 
malpresentation 238, 240, 242; and 
maternal blood pressure 208; monitor-
ing 147, 227, 230, 235, 785; normal 
147, 230; recording 146

fetal hypoxaemia 228
fetal injury, and domestic violence 302
fetal movements: reduced 144, 163, 227, 

231, 242; reduced 227
fetal neck 239, 243–4, 323
fetal oxygen delivery 187
fetal position, assessing 150, 235–6
fetal scalp: bleeding 311; pH assess-

ment 231
fetal skull 235: incision 322; moulding of 

bones 147, 212
fetal viability 179–80, 247–8
fetal well- being, monitoring 230–1
feto- maternal haemorrhage 21, 138, 340, 

366, 786
feto- maternal transfusion 371, 383
feto- pelvic disproportion 241–2
fever: and pneumonia 439–40; relapsing 

654–5, 675, 734; of unknown origin see 
PUO; see also pyrexia

FFP (fresh frozen plasma) 22, 652, 684, 
726

FGC (female genital cutting) 298–301, 
299; as abuse 96, 823; campaigning 
against 397; 

fi brinogen 226, 543
fi broids 137, 241, 317
fi eld block 128
Field’s stain 28
‘fi fths’ 148
FII (fabricated or induced illness) 96, 387, 

478, 818, 823–4, 828
fi lariae 755–6
fi ne- particle masks 703
fi nger clubbing 30, 380, 442, 561, 667, 

702, 749
fi nger intubation 839
fi ngers, damage to nerves 784
fi rearms see gunshot wounds
fi sh, venomous 817
fits: in children 387; fabricated 823; 

investigations in 387
fi xation tape 129, 210, 840
fl accid bladder 413–14

fl accid bowel 411–12
fl ail chest 36, 772–3, 780
fl at affect 508
fl ecainide 457
fl ucloxacillin: and burns 809; for cellu-

litis 333; and cystic fi brosis 444; and 
eczema 627; and empyema 633; and 
encephalitis 605; and fungal infections 
705; and inhaled foreign bodies 435; 
and lung abscess 442; and mastitis 
222; for neonatal infection 352, 356–8; 
and osteomyelitis 535, 622; and peri-
tonitis 305, 484; and pleural effusion 
442; in pneumonia 269, 440; and pres-
sure sores 417; prophylactic 445; and 
pyomyositis 621; and retropharyngeal 
abscess 428; routes of administration 
17, 851; and septic shock 468, 532; 
and skin infections 658; and wound 
abscess 305

fl uconazole 488, 580, 704, 707, 709, 851
fl ucytosine 605, 708
fl uid administration: minimising errors in 

850–1; rate of 17
fl uid balance: in malaria 283; monitor-

ing 189
fl uid balance charts: and eclampsia 207; 

and gastroenteritis 271; and IV fl uids 
17, 175; and malaria 282; and oxytocin 
infusion 152, 253; post- operative 304

fl uid defi cit, estimating 547
fl uid extravasation 375, 860
fl uid loss, and shock 39, 166
fl uid maintenance, in bronchiolitis 431
fl uid overload: and amniotic fl uid embo-

lism 226; and ARF 482–3; and blood 
transfusion 24–5; and dehydration 
465, 468; and heart failure 453; and 
malaria 281–3, 738, 742–4; and mal-
nutrition 529; and pre- eclampsia 208; 
and rehydration 519; and shock 38, 
545, 547, 549

fluid replacement, and antimalarials 
282–4

fluid requirements: in children 465, 
470, 495, 546; and dehydration 271; 
in diarrhoea 546; and DKA 263, 495; 
for neonates 345, 347; normal 882,, 
882–3; in rehydration phase 549

fl uid restriction, in pneumonia 269
fl uid resuscitation: and gunshot wounds 

801; and peritonitis 637; and PPH 
194–5; pressure bags in 170; response 
to 171; and trauma 774–5, 777

fl uid retention 192, 475, 483, 493
fl ukes 748, 752
fl umazenil 813
fl uoroquinolones 287, 670, 676
fl uoxetine 293, 504, 507
fl upenthixol 504, 509
fl ushing: and iron dextran 173; of IV lines 

17–18, 283, 373, 852, 859
FNAC (fine- needle aspiration cytology) 

631
focal segmental glomerulosclerosis 

(FSGS) 475–6
focal seizures 372, 604, 777
folate, and malaria 279
Foley catheter 228; and cord prolapse 

247; ripening certix with 228; in urethral 
catheterisation 306, 413–14

folic acid: and anaemia 21, 172–3, 383, 
515, 523, 531; and diabetes 261; and 
diarrhoea 559; and enzyme defi ciency 
541; and malaria 739, 745; and neu-
rosurgical disorders 620; preventing 
stillbirth 229, 398; and SCD 174; and 
spherocytosis 540

folic acid defi ciency 383, 515
folinic acid 706, 747
fontanelle: bulging 371, 597, 650; 

delayed closure of 514; sunken 394, 
463, 545

food: healthcare workers growing 3; high- 
energy 408, 527, 558; see also RUTF

food deprivation 557
food intake chart 885
food intolerance 380, 383
foot drop 419
forceps: in assisted delivery 154; in 

Caesarean section 313; trial of 313, 318
forceps delivery 220, 239–40, 247, 

311–13, 351
forearm fractures 768–9
foreign body: in the airway see FBAO; 

in the eye 589; inhaled 35, 390, 423, 
435, 438, 442; in oesophagus 563; 
suspicion of 61; in wounds 762–4, 787; 
on X- ray 791

forensic sampling 822, 824–5
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foul- smelling lochia 160, 164, 191, 198
foul- smelling vaginal discharge: antibiot-

ics for 228; as emergency sign 157; 
and endometritis 220; and PPROM 245; 
and retained placenta 197; and septic 
abortion 176

fractures: in children 764–9; fi xation of 
767–8; in infants 352; non- accidental 
96; splinting see splintage

fragile X syndrome 404, 511
frenulum, torn 819, 822
frontal bossing 381, 541
frozen watchfulness 404, 819
fruit juices 394, 415, 496, 532, 552–3, 

684
FTC (emtricitabine) 274, 695, 698, 700
full blood count (FBC): in antenatal care 

138; and anthrax 678; and blood trans-
fusion reactions 25; in septic shock 469

fumigation machine 14
fundal height, measuring 137, 13
fundoscopy 30, 384, 400, 498
fundus, supporting 326
funerary procedures 10, 91, 112–15, 

117–18, 229
fungal corneal ulcers 591
fungal infections: and headache 598; in 

HIV 704, 708–9; smears of 29; superfi -
cial 626–7; systemic 488, 580

fungal peritonitis 484–5
fungal sepsis 350, 353, 580
fungating tumours 86, 88
fungating wounds 90
furosemide: and ARF 481–2, 744; and 

dengue 684; in emergency room 110; 
and fl uid overload 25, 743; and glo-
merulonephritis 477; and heart failure 
455, 522, 531; and hypercalcaemia 
407; and metabolic acidosis 284; in pre- 
eclampsia 208; and pulmonary oedema 
40, 252–3, 451, 455, 465–6; and RICP 
652; and urine output 283

fusidic acid 679
futile treatments 101

G6PD defi ciency 540–1; and anaemia 
21–2, 530; and co- trimoxazole 702; 
and haemolysis 368–9, 383, 478; and 
jaundice 399; and primaquine 738; and 
quinine 281

gabapentin 84
gag refl ex, inoperative 40
galactosaemia 368–9, 374, 487–8, 503
Galeazzi fracture 769
gallop rhythm: and anaemia 383; and 

heart failure 40, 252, 272, 453–4, 546; 
and malaria 742–3

gallstones 539–40
Gambia, hospital workers in 3
Gambian trypanosomiasis 28, 730–1
gamma- benzene hexachloride 625
ganciclovir 704–6, 708, 710
Gardnerella vaginalis 657
Gaskin’s manoeuvre 218
gasping, in bronchiolitis 430
gastric aspirate: in dehydration 496; and 

DKA 265; and TB 668, 703; and unwell 
infants 351

gastric contents, aspiration of 61, 76, 
130–1, 226, 843

gastric distension: and abdominal trauma 
782; and CPAP 845; reducing 47; and 
rescuscitation 787

gastric emptying, delayed 813
gastric erosion 85, 599
gastric feeds 345
gastric lavage 268, 443, 596, 611, 

812–13
gastric outfl ow obstruction 86, 634
gastric peristalsis 634–5
gastric refl ux 57
gastric tubes, in ventilation 58, 61
gastro- oesophageal refl ux 563–5, 563; 

and apnoea 365; and asthma 432; in 
children 384, 386, 403; in pregnancy 
131, 365, 384, 386, 403, 432, 564, 
785, 843; see also GORD

gastroenteritis: and abdominal pain 382; 
and ARF 481; and Campylobacter 679; 
and cryptosporidiosis 747; and cyto-
megalovirus 704; and dehydration 270, 
399; differential diagnosis of 271; fl uid 
losses in 465; fl uid requirements for 
465, 546; oral rehydration in 16, 39, 
272; and Salmonella 674; and SCD 
535; and shock 166, 463; and VAD 
512; and vomiting 384; see also acute 
gastroenteritis

gastrointestinal bleeding 366, 544, 565; 
features of 566

gastrointestinal disorders: and failure to 
thrive 386; and HIV 704; neonatal 377; 
and sexual abuse 821; and traditional 
medicines 108

gastrointestinal emergencies 43
gastrointestinal obstruction 667–8
gastrointestinal system, and spinal cord 

injury 407
gastrostomy 803, 812
GCTs (germ- cell tumours) 577–8, 587
gender: in employment 5; and ethics 98; 

and mourning 119–20; uncertain 502 
(see also intersex)

gender- based violence 275
general anaesthesia: balance of drugs in 

126; and inverted uterus 250; obstetric 
124; and pre- eclampsia 210

general anaesthetics, in emergency room 
110

generalised lymphadenopathy 381, 677, 
688–9, 702, 710; see also PGL

generalised oedema 136, 272, 388, 516
generalised tetanus 660
genital injuries 825; differential diagnoses 

of 824
genital mutilation, reversal of 153; see 

also FGC
genital soreness 821
genital tract: lower 176, 183, 196; upper 

female 658
genital tract trauma 169, 171, 195, 311, 

313
genital ulcers 656–7
genitals, burns involving 806, 810
gentamicin: in ALF 488; and anthrax 

679; and appenditicis 285; and burns 
809; and corneal ulcers 590; and 
cystic fi brosis 445; and endocarditis 
456; in episiotomy 325; and hearing 
loss 401; in infants 440; and intestinal 
obstruction 636; in labour 150; and lung 
abscess 442; and malaria 744; and 
meningitis/encephalitis 41; and NEC 
377; for neonates 350, 352, 354–5, 
357–8; in obstructed labour 214; and 
otitis media 428; and peritonitis 222, 
484; in pneumonia 269, 439–40; in 
post- operative care 304–5; and PPH 
198–9; and PPROM 245; and puer-
peral sepsis 221; and SAM 521; and 
septic shock 171, 177, 468, 532; and 
Streptococcus 659; and symphysiotomy 
321; and wound infections 221

gentian violet 357, 523, 704, 720
genu valgum and genu varum 624
gestational age: estimating 137, 342, 

343–4; and fetal well- being 231; at 
time of delivery 52

gestational diabetes 256, 261–2
gestational hypertension 201–2
gestational trophoblastic disease 183
GFR (glomerular fi ltration rate) 471
Ghana: FGC in 301; home visits in 334
GHD (growth hormone defi ciency) 503–4
giant- cell pneumonitis 709
giant molluscum contagiosum 689
Giardia lamblia, diagnosing 546
giardiasis 747; antibiotics for 552; and 

gluten challenge 569; in HIV 705; and 
malnutrition 523, 528

Giemsa stain 28
Gillick competence 100
gingival disease 705
glandular fever 428
Glasgow Coma Scale (GCS) 267, 594: and 

airway management 771; and cerebral 
oedema 208–9; and dehydration 494; 
and DKA 263; in examination 30; and 
head injury 792–3; and meningococcal 
disease 652; re- evaluating score 268; 
in RICP 266; in trauma 779–80

glaucoma: congenital 591; management 
of 592; steroid- induced 590

gliadin 567
glioma 577, 584
glomerular disease 474
glomerulonephritis: and ARF 481; and 

chickenpox 680; and fi lariasis 756; and 
HSP 571; and impetigo 626; mesangi-
ocapillary 475–7; and Streptococcus 
659; types of 476–8; on urine 
microscopy 868–70; see also acute 
glomerulonephritis

Glossina 730
glottic stenosis 772
gloves: in post- mortem examination 10; 

rinsing 9; see also sterile gloves
glucagon 261, 497–8
glucocorticoids 573–4
glucose: in cardiac arrest 65; in 

emergency room 110; and hypogly-
caemia 498–500; in IV feeding 16; in 
labour 145; in neonates 340, 348; oral 
loading dose results 261; and ORS 547; 
parenteral 41, 500

glucose hydrogen breath test 567
glucose infusion: as emergency treatment 

43; and tissue damage 17
glucose intolerance 503
glucose malabsorption 555
glucose strips 871
glucose testing kits 110
glue sniffi ng 814
gluten 383, 568–9
gluten challenge 569
glycerine suppositories 411, 559–60
glyceryl trinitrate 253, 406–7
glycosuria, and diabetes 261
goitre, and thyroid disorder 501–2
gonococcal conjunctivitis 356, 590
gonococcus: and ectopic pregnancy 177; 

prophylaxis against 358; screening for 
174

gonorrhoea 656–7
GORD (gastro- oesophageal reflux dis-

ease) 564
gowns, in isolation areas 9
Gram stain, and fungal infections 29
granulating wounds 809
granuloma: and Buruli ulcer 642; eosin-

ophlic 406; and leprosy 646; and liver 
fl ukes 754; and umbilical discharge 633

granuloma inguinale 656–7
Graves’ disease 502
gravid uterus: displacing 50, 66; size of 

137
gravidity 136
greenstick 765, 768–9
grey baby syndrome 440
grief: abnormal reaction to 509; and 

at tachment 110–11; chi ldren’s 
responses to 116–19; effect on health 
113; stages of 112; waves of 116

griseofulvin 627, 709
group A Streptococcus 220, 658–9
group B Streptococcus (GBS) 658–9; and 

neonatal sepsis 350, 353, 597, 621; 
and PPROM 244

growth failure: and CRF 485–6; and HIV 
688; and IBD 563; and juvenile idi-
opathic arthritis 572; and radiotherapy 
584; and SCD 538

growth monitoring 276, 557, 873
growth recovery chart 528
grunting: in ALRIs 437, 440; expiratory 

361; and pneumonia 438–9; and res-
piratory distress 36, 361

Guedel airway 55–6, 210, 837
guided imagery 86
Guillain–Barré syndrome 604–5, 613–15, 

640–1, 680
guilt 113–14, 294, 296, 506, 810
Guinea, FGC in 301
gunshot wounds 762, 782, 786, 794, 

800–2
Gustilo classifi  cation 765

H2- blockers 407
H2- receptor antagonists 86, 121, 124, 

492, 564, 729
HAART (highly active antiretroviral therapy) 

688, 693, 708, 711, 735
Haemaccel 208, 806, 883
haemangiomas 422, 631–2
haematemesis 383, 563–5, 635, 753
haematinics 21, 530, 734, 738–9
haematocolpos 300
haematocrit: in APH 189; and ARVs 699; 

and burns 806; and dengue 683–4
haematological investigations 27
haematoma: and Buruli ulcer 642; and 

cricothyrotomy 772; in episiotomy 325; 
and upper airway obstruction 422

haematuria: and anaemia 383; and 
bladder stones 479, 630; and 
encephalopathy 376; and filariasis 
756; and glomerulonephritis 477–8; 
and haemophilia 544; and HSP 571; 
and leptospirosis 647; and NEC 377; 
and nephrotic syndrome 476; in SCD 
539; and uterine rupture 214; see also 
microscopic haematuria

haemocytometer 27
haemodialysis, peritoneal 813
haemodynamic instability 775, 797, 865
haemoglobin, glycosylated 498
haemoglobin colour scale 27, 173
haemoglobin concentration, normal 530, 

879
haemoglobin defects 539, 541

haemoglobin electrophoresis: and ALTEs 
387; and anaemia 384, 530; and 
jaundice 381; and respiratory distress 
390; and SCD 174, 533; and thalas-
saemia 541

haemoglobin levels: in labour 147; optimal 
127; in septic shock 469

haemoglobin measurement 27, 138, 
172–3, 459, 616, 736

haemoglobinaemia 24–5
haemoglobinopathy 174–5, 383, 530, 

572, 585
haemoglobinuria 24–6, 540, 738, 804
haemolysis: and anaemia 371, 383; 

chronic 532, 541; and jaundice 368–9, 
380; in malaria 741; presentation of 
173; see also acute haemolysis

haemolytic anaemia: acquired 539, 542; 
and blood transfusion 23; clinical fea-
tures of 539; congenital and acquired 
539; and folic acid 515; hereditary 
540–2; and HUS 478; severe 540, 743; 
and severe malaria 282

haemolytic disease, and bilirubin levels 
368

haemolytic disease of the newborn: and 
antibodies 138; and blood transfusion 
22–3, 26

haemolytic reactions 24–5
haemolytic- uraemic syndrome 481, 540, 

552
haemoperitoneum 213, 782
haemophilia 383, 543–4, 572
Haemophilus, and SCD 535
Haemophilus ducreyi 657
Haemophilus infl uenzae 679; antibiotic 

resistance of 598; and croup 422–3; 
and cystic fi brosis 444–5; and epiglot-
titis 424; and HIV 701; immunisation 
against 599; and meningitis 597–8; 
and otitis media 427; and pneumo-
nia 436; prophylaxis against 601; and 
SCD 538; and septic arthritis 622; and 
tonsillitis 426

Haemophilus parainfl uenzae 428
Haemophilus pneumonia 268
haemopneumothorax 166, 843
haemoptysis: and bronchiectasis 704; and 

chest trauma 781; and cystic fi brosis 
445; and leptospirosis 647; and lung 
abscess 442; and mitral stenosis 452; 
and pulmonary embolism 223; and 
rheumatic heart disease 254

haemorrhage: control of 770; in labour 
147; life- threatening 298, 778; in the 
neonate 366; in pregnancy 144; spon-
taneous 209, 514, 543; in triage 32

haemorrhagic disease of the newborn 
342

haemorrhagic necrosis 604
haemorrhagic shock 683, 775, 780
haemorrhoids 412, 491
haemostatic dressings 88
haemothorax: and respiratory distress 36, 

780; and shock 166; traumatic 772–3, 
778, 781; and ventilation 61

hairworm 750
hairy leukoplakia 696, 705
Haiti 114
hallucinations: and ketamine 129; and 

opioids 84; and schizophrenia 508; and 
substance abuse 814; and Wernicke’s 
encephalopathy 251

halofantrine 281
haloperidol 84, 86–7, 295, 569–70
halothane: in anaesthesia 14, 129, 257; 

and inverted uterus 250
halothane poisoning 488
hand- foot syndrome 534
hand- washing: effective 8; and handling 

neonates 333, 350; and infection control 
8, 142; room for 14

hand- washing facilities 69, 728, 810
handicap, use of term 397
hanging groin appearance 758
hantavirus 648
hard cervical collars 110, 407
hard palate: defects of 290; erythema 

of 573
hare lip 404
Harrison’s sulci 432, 514, 705
Hartmann’s solution: and blood transfu-

sion 25; in dehydration 272; and drug 
IVs 16–18; in emergency room 110; 
in shock 16, 169–70; soaking dress-
ings in 90

Hashimoto’s thyroiditis 502
HATI (human anti- tetanus immunoglobu-

lin) 762–3
HbAS (sickle- cell trait) 533, 535
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HBIG (hepatitis B immunoglobulin) 95, 
358

HbS solubility fi ltration test 27
HBsAg (hepatitis B surface antigen) 

26–7, 95
HbSS (homozygous sickle- cell disease) 

23, 530, 532–3, 535–7
HBV (hepatitis B virus) 686–7; chronic 

492; and liver failure 486; and liver 
tumours 585; and needlestick injuries 
764; for neonates 358; and nephrotic 
syndrome 476; and SCD 536; and 
sexual abuse 824; staff exposure to 
6; vaccination against 92–5, 175, 492, 
538, 656

HCC see hepatocellular carcinoma
HCV (hepatitis C virus) 492–3; chronic 

492–3; exposure to 6; and HIV 712; 
and iron chelation 542; mechanisms of 
spread 687; staff exposure to 6; testing 
for 22; and thalassaemia 542

head bobbing 37, 58, 217
head circumference: and anaemia 371; 

and failure to thrive 386; and hydro-
cephalus 599; measuring 823, 874; 
in meningitis 353; recording 334, 384

head examination, in trauma 778
head injury: and airway management 35, 

771; anaesthesia in 788; analgesia for 
74–5, 778; and brain injury 792–3; and 
drowning 797; intubation in 864; and 
meningitis 269; non- accidental 819; 
and RICP 265; and seizures 203; in 
trauma 13, 775, 777, 779–80

head nurses 2
head tilt/chin lift 45: in airway opening 35, 

45–6, 48; readjusting 47, 61
headache: and cancer 587; and cerebral 

oedema 265; in children 389; and circu-
lation problems 32; and depression 506; 
and leptospirosis 647; and meningitis 
269; in pregnancy 144; and relapsing 
fever 655; and rheumatic disease 569; 
and spinal anaesthesia 123; in triage 
32; and VHFs 727; see also migraine

healers, traditional 104–8, 376
health education: and childbirth 139, 144; 

ethical commitment to 102
health information, availability of 6
healthcare professionals: continuing edu-

cation for 10–11; as court witnesses 
828; and cross- infection 10; employ-
ment issues for 5; fi nancial incentives for 
2; immunisation of 95; protection from 
VHFs 728; relationship with patients 
102–3; and society 103

hearing, in neonatal examination 400
hearing impairment 401–3, 603, 653, 

719, 721; see also deafness
heart: penetrating injuries to 781; on 

X- ray 791
heart block, congenital complete 458, 645
heart disease: and ergometrine 154, 

190; and ketamine 125; structural 39, 
252, 458

heart failure see cardiac failure
heart lesions: congenital 341; initially 

asymptomatic 451
heart murmurs 40, 165, 255, 390, 825
heart rate: and blood transfusion 21; and 

breathing failure 36–7; of neonates 
336–7; normal 878; at rest 37

heart sounds, muffl ed 781, 861
heat loss, evaporative 332, 340, 347
heat pads 86
heat stroke 686, 798–9
heaters: electric 4, 349; in OT 14
heavy metals 508, 602, 812
height chart 874
Heimlich manoeuvre see abdominal 

thrusts
Heinz bodies 541
Helicobacter pylori 564
HELLP (haemolysis, elevated liver 

enzymes, low platelets): and anaesthe-
sia 122; and antenatal care 136; and 
pre- eclampsia 201, 203, 209

helminths 518, 576, 705, 748–9, 749
HELPERR acronym 217
hemiparesis 602, 741, 779
hemiplegia 266, 403, 537, 597, 617
hemiplegic migraine 617–18
Henoch–Schönlein purpura (HSP) 383, 

385, 475–8, 565, 571
heparin: in dialysis 484; and heart failure 

455; in pulmonary embolism 224–5, 
314; see also LMWH

heparin lock 852
hepatic encephalopathy 487–8, 487, 

490–1

hepatitis: and abdominal pain 383; and 
bilirubin levels 368; and chickenpox 
680; equipment for testing 27; and 
galactosaemia 488; and HIV 493; pro-
tecting staff from 5, 314; as STI 656, 
826; see also acute hepatitis; see also 
chronic hepatitis

hepatitis A (HAV) 686; and TB chemo-
therapy 669; vaccine against 711

hepatitis B virus see HBV
hepatitis C virus see HCV
hepatitis E 687
hepatoblastoma 578, 585–6
hepatocellular carcinoma 492, 585–6
hepatomegaly see enlarged liver
hepatopulmonary syndrome 487, 489–91
hepatosplenomegaly: and diarrhoea 

380, 383; and haemolysis 368; and 
leishmaniasis 734; and leptospirosis 
647; and malaria 284; and rickettsial 
disease 675; and schistosomiasis 752; 
and TB 666; and toxoplasmosis 747; 
and trypanosomiasis 730

herbal medicine 104–8
hereditary motor and sensory neuropathy 

613–14
hereditary spherocytosis 368, 380, 540
herniotomy 628–9
herpes: and AIDS 688; and ARM 151; 

genital 656–7; spread by vacuum 
delivery 311

herpes simplex ulcers 590–1
herpes zoster 291, 681, 688–9, 700, 

708–10
herpes zoster ophthalmicus 689
herpesvirus type 2, 656
hexachlorophene 314
HFMD (hand, foot and mouth disease) 604
hiatus hernia 564
HiB (Haemophilus influenzae type B) 

vaccine: and ARI 436; in EPI 93; and 
epiglottitis 424; and haemolytic anaemia 
540; in HIV 710; and SCD 175

Hibitane cream 110, 147, 221, 308, 312, 
327, 350

Hickman line 83, 579
HIFA 2015, 10, 12
high- dependency care: drug infusions 

in 853; and epiglottitis 424; essential 
equipment for 68–9; levels of 67, 68; 
pain control in 76; in pre- eclampsia 209; 
for trauma patients 788; use of 67; and 
ventilation 171

high pulmonary blood flow, in heart 
defects 449, 454

high vaginal swab 158, 177, 198, 221
hilar adenopathy 668, 703
hip replacements 175
hips: dislocation of 30, 399, 402–3; in 

neonatal examination 399
Hirschsprung’s disease 386, 443, 560, 

636–7
histoplasmosis 697, 705
history taking, process of 29
HIV (human immunodeficiency virus): 

and AIDS 273–6; and anaemia 530; 
and cancers 575, 586; and chicken-
pox 680–1; and confi dentiality 100–1; 
counselling and testing for 689–90; and 
cystic fi brosis 443; diagnosing infection 
688–94, 691–2, 691; and enecpha-
litis 606; epidemiology of 687–8; 
false- negative antibody tests 28; and 
gastroenteritis 271; and immunisa-
tion 93, 93–4; and the liver 493; and 
malabsorption 566; and malaria 276, 
741; and malnutrition 517–18, 524–5; 
mother–child transmission of see MTCT; 
and needlestick injuries 764; neurologi-
cal manifestations of 706; neurological 
manifestations of 707–8; perinatal 
transmission of 151, 695, 702; and 
pneumonia 440; protecting staff from 
5–6, 314; and rape 827; and RICP 265; 
and Salmonella 551, 597; screening 
tests for 26–7; and septic shock 467; 
and sexual abuse 826; signs and symp-
toms of 688; skin lesions in 709; staging 
of infection 696, 696–7; and steroids 
245; as STI 656; and Streptococcus 
infections 597, 659; and syphilis 289; 
and TB 275, 665–71; and toxoplasmo-
sis 747; and Varicella 680

HIV- 1 687, 695, 757
HIV- 2 275, 687, 695
HIV antibody test 273, 668, 689–94, 

696–7, 702
HIV dermatitis 689
HIV- exposed children 273–4, 276, 690–

5, 694, 701–2, 710

HIV- infected children: assessment of 700; 
co- trimoxazole for 702; immunisations 
for 710–11; nutrition for 713; oral prob-
lems of 704; pneumonia among 701

HIV- positive mothers: breastfeeding 
695–6; and infant mortality 691; in 
labour 274–5; postnatal care for 156

HIV prophylaxis 745, 826
HIV retinopathy 710
HIV testing: equipment for 27; for health-

care workers 6; performing 273
HLHS (hypoplastic left heart syndrome) 

446, 450
Hodgkin’s disease 577, 579, 686
Hodgkin’s lymphoma 583
home visits, post- natal 157, 334
homocystinuria 223
honey: and botulism 640; on dressings 

90; and pressure sores 417–18
hookworms 172–3, 383, 530, 746, 

748–50
hormone replacement 200, 584
hospital- acquired infection: in coma 597; 

in infants 355, 362; preventing 7–8, 10, 
268; and tetanus 661

hospital ethics committees 101–2, 399
hospital libraries 10–11
hospital management, introduction to 2
hospital maternity services 398
hospital staff: families of 2–3; health of 

5–6; management of 2–3, 5–6; training 
and supervision of 3

hospitalisation: for adolescents 396; for 
children 392–5; for young people 397

hospitals: aids for disabled children in 
418; children not reaching 79; com-
munication in 4; confidentiality in 6, 
29; discharge from 304; equipment 
and supplies for 3; essential services for 
3–4; post- natal care in 157; preventing 
secondary problems in 419; transfer 
between 762, 788; utility maintenance 
in 5

hot fl uid ingestion burns 803
‘hot stool’ examination 26
hot- water bottles 14, 349
hot water burns see scalds
household bleach 9, 728
housing, for healthcare workers 3
HPLC (high- performance liquid chroma-

tography) 533
HPV (human papilloma virus) 92, 395, 

656–8, 826
HRP2 tests 284, 737, 745
HSV (herpes simplex virus): in children 

826; and eczema 627; and encepha-
litis 602–4; and HIV 704–5, 708; and 
rash 385

HTIG (human tetanus immunoglobluin): 
and burns 809; neonatal 375; neutralis-
ing toxins 661–3; in wound prophylaxis 
94, 763, 787

HTLV 748, 759
human angiostrongylus 606
human resource management 2–3, 5, 7
human rights, healthcare professionals 

defending 103
HUS (haemolytic uraemic syndrome) 380, 

383, 478
Hutchinson’s teeth 289–90
hyaline membrane disease 339, 361, 363
hydatid disease 751–2
hydralazine: in emergency room 110; and 

pre- eclampsia 202; and severe hyper-
tension 203; as vasodilator 208, 253

hydration, of children 394, 555–6
hydrocephalus 322: and autism 510; and 

brain tumours 584; and craniocente-
sis 321–3; and malpresentation 235; 
and meningitis 599; and mumps 721; 
obstructive 667; post- haemorrhagic 
865; and toxoplasmosis 747; treatment 
of 619–20

hydrocoele 628–9, 755–7
hydrocortisone: and anaphylaxis 258, 

425; and asthma 256, 433; and CAH 
502; in chemotherapy 577, 583; and 
dermatitis 709; and eczema 627; in epi-
glottitis 424; equivalents in other drugs 
881; and eye disorders 590–1; and 
glandular fever 428; and hypoadrenal-
ism 498; and IBDs 562; and ingestion 
burns 803; and juvenile idiopathic 
arthritis 572; and septic shock 469; 
and tonsillitis 427

hydrocortisone sodium succinate 724
hydronephrosis 14, 383, 403, 480
hydrophobia 605, 723
hydrops 501
hydrostatic correction 249–50

hydroxycarbamide 174–5, 537–9
hydroxychloroquine 573–4
hydroxyethyl starch 684, 883
hyoscine butylbromide 87, 479
hyoscine hydrobromide 90
hyperactivity 404, 510–11, 623, 820; 

see also ADHD
hyperbilirubinaemia 23, 490, 541, 634
hypercalcaemia: and constipation 560; 

in CRF 485; and spinal cord injury 407; 
and urinary stones 479

hypercalciuria, isolated 479
hypercapnia: and naloxone 811; and res-

piratory distress 390; in trauma 770; 
and upper airway obstruction 422

hyperchloraemic acidosis: and dehydra-
tion 470; and normal saline 16, 169, 
774, 804

hypercyanotic spells 449
hyperdynamic apex 255, 453
hyperemesis 138, 251–2, 293
hyperglycaemia: and antipsychotics 508; 

and coma 593, 596; in diabetes 261; 
in neonates 340; in salicylate poison-
ing 812

hyperhydration 534, 536
hyperinfection syndrome 759–60
hyperinfl ation 430, 434, 437–8, 701–2
hyperinsulinism 348, 373, 375, 499
hyperkalaemia: and adrenal crisis 500; 

and ARF 482–3; and cardiac arrest 63, 
65; and CRF 485; and glomerulonephri-
tis 477; and TLS 581

hyperkinesis 501
hyperlactataemia 743
hypermagnesaemia, and cardiac arrest 63
hypermobility 572
hypernatraemia: defi nition of 470; and 

ARF 482–3; in diarrhoea 550; and ORS 
272; and seizures 371, 375

hypernatraemic dehydration 470–1, 
522, 550

hyperoxia test 446, 448
hyperparasitaemia 531, 738
hyperparathyroidism 479, 485, 567
hyperphosphataemia 482, 581
hyperpigmentation 517, 627, 758
hyperpyrexia 167, 277, 739, 741–2
hypersplenism 383, 489–91, 538, 542, 

734
hypertension: benign intracranial 389; 

categories of 201–2; causes of 475; 
in children 474; and Cushing’s syn-
drome 503; differential diagnosis of 
204–5; and envenomation 817; and 
ergometrine 154, 190; and headache 
389; and heart failure 40; herbal rem-
edies for 105; looking for 200–1; and 
multiple pregnancy 232; and nephrotic 
syndrome 476; and poliomyelitis 722; 
post- partum 211; pregnancy- induced 
125, 175, 204, 395; severe 203, 475, 
817, 850; and stillbirth 229; and stroke 
537; unexplained 650; and UTIs 472; 
and vomiting 384; see also chronic 
hypertension

hypertensive response to intubation 122, 
124, 130

hyperthyroidism 501, 567, 574
hypertonic saline: and cerebral oedema 

793; and coma 596; and CSE 611; and 
hydatids 751–2; and meningococcal 
disease 652; and RICP 619, 793; and 
sputum induction 668

hypertonicity 401, 487, 595, 662, 688–9
hypertonus 129
hyperuricaemia 581, 670
hyperventilation: and circulatory failure 

38; and PTSD 509; and RICP 266; and 
salicylate poisoning 812; and septic 
shock 167

hypervolaemia 370, 786
hypnosis 76, 86
hypnozoites 284–5, 736–8, 745
hypoadrenalism 498, 500, 503–4
hypoalbuminaemia: and dehydration 

520; and dengue 684; and generalised 
oedema 388; and hyperemesis 251; 
and pre- eclampsia 208

hypocalcaemia: and cardiac arrest 63; 
and polycythaemia 360; and rickets 
514–15; and seizures 371, 375–6; 
and TLS 581

hypochloraemic alkalosis 251
hypochlorites 9
hypofi brinogenaemia 816
hypoglycaemia: definition of 884; and 

adrenal crisis 500; and antimalarials 
740; and APH 189; and ARF 483; and 
cardiac arrest 65; in children 498–500; 
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and coma 593, 596; in dehydration 
272, 549; in diabetes 261, 496–7; in 
diarrhoea 550; emergency treatment 
for 40, 43, 372, 521–2; and encepha-
lopathy 377; and epilepsy 606; and 
exchange transfusion 23; fi ts and faints 
in 387; and fl uid resuscitation 16, 805; 
and galactosaemia 488; and GHD 503; 
and hepatitis 686; and hypothermia 
799; and liver failure 487, 490; and 
malaria 280–3, 738–9, 741–2, 744–5; 
and poisoning 811; and polycythaemia 
360; rebound 340, 610; and respiratory 
distress 365; and seizures 371–2; and 
severe malnutrition 516–17; and shock 
465–6, 521; symptoms and signs of 
499; and traditional medicine 106–8; in 
trauma 770, 780; and trypanosomiasis 
731; and yellow fever 729

hypogonadism 503–4
hypokalaemia: and ALF 487; and car-

diac arrest 63; and dehydration 272; 
in diarrhoea 550–1, 557; and DKA 
262, 494; equpiment for detecting 27; 
and furosemide 455; and hyperemesis 
251; and salbutamol 433; and severe 
malnutrition 516

hypomagnesaemia 376, 516
hypomania 295, 506
hyponatraemia: definition of 470; and 

adrenal crisis 500; and dextrose 171; 
in diarrhoea 550; and encephalitis 603; 
and encephalopathy 376; equpiment 
for detecting 27; and fl uid resuscitation 
268, 272, 596, 611; and hyperemesis 
251; and IV feeding 16; and leptospiro-
sis 648; and meningitis 599; and ORS 
547; and oxytocin infusion 152; and 
quinine 281; and seizures 371, 375; 
and shock 460

hypoparathyroidism 503, 542, 567
hypophosphataemia 516, 651
hypopigmentation 627
hypopituitarism 499–500, 503–4
hypoproteinaemia, and severe malnutri-

tion 516
hypospadias 630
hypotension: and abdominal trauma 782; 

and adrenal crisis 500; and amniotic 
fl uid embolism 225; and antipsychot-
ics 509; and blood transfusion 24–5; 
caused by morphine 72; in diabetes 
261; and drowning 797; and ectopic 
pregnancy 178; in head injuries 779; 
and hypopituitarism 504; and hypovol-
aemia 187; and iron dextran 173; and 
metabolic acidosis 284; and phenytoin 
372; and poisoning 811; in pregnant 
women or children 32; and puerperal 
sepsis 221; and pulmonary embolism 
223; and SCD 533; and shock 24, 38, 
168, 787; and spinal anaesthesia 123–
4, 189; and spinal injury 406–7, 783; 
and transfusion 22; and uterotonics 192

hypotensive drugs, for children 474
hypothermia: and ALRI 440; and car-

diac arrest 63; in children 787–8; and 
diarrhoea 549; and drowning 796–8; 
and hypoglycaemia 373; and hypo-
pituitarism 504; and inverted uterus 
250; and malnutrition 517; and medical 
procedures 836; in neonates 246, 331, 
344–5, 349; and obstetric haemorrhage 
188, 195; and poisoning 267; preven-
tion and treatment 344, 349, 398, 521, 
776, 799, 848; and respiratory distress 
361–2, 365; and septicaemia 352, 354; 
and severe malnutrition 517; and shock 
465, 521; and spinal cord injury 407; 
in trauma 770

hypothyroidism: acquired 501; and ADHD 
511; and autism 510; and bilirubin 
levels 368; and coeliac disease 567; 
congenital 368, 501; and constipation 
560; and DSD 503–4; and jaundice 
368; and learning difficulties 404; 
maternal 515; and radiotherapy 584

hypotonia: and aspiration pneumonia 364; 
and benzodiazepines 296; and coma 
595; in legs 406; and malaria 741; and 
neurological assessment 40

hypotonic solutions 126, 263, 376
hypoventilation: and anticonvulsants 794; 

nocturnal 613, 616
hypovolaemia: and ARF 481; and cardiac 

arrest 63; and dehydration 470; and 
drowning 796; and fetal distress 232; 
and furosemide 477; and hypothermia 
797; intravascular 208, 475; and intus-
susception 635; and malaria 284, 744; 

and morphine 72; in neonates 340; and 
nephrotic syndrome 475–6; and obstet-
ric anaesthesia 121–2; in obstructed 
labour 214; signs of 187; and trauma 
770, 774–5, 785

hypovolaemic shock: and dehydration 
271, 463; fl uid resuscitation in 39, 42; 
mechanism of 459; in neonates 21; 
in pregnancy 166, 168; and ruptured 
ectopic pregnancy 178; and trauma 
775; and uterine rupture 216

hypoxaemia: adverse effects of 430; and 
ALRI 440; and amniotic fl uid embolism 
225–6; and asthma 255, 433; and 
botulism 640; in bronchiolitis 430; and 
croup 422–3; and heart failure 455, 522; 
and intubation 37; and malaria 743; in 
neonates 338; and obstetric anaesthe-
sia 121, 129; and pertussis 654; and 
pneumonia 439; in pregnancy 66; and 
pulmonary contusion 781; and respira-
tory distress 390; and SCD 176; signs 
of 36; and upper airway obstruction 422

hypoxia: and airway management 771; 
and BLS 44; and cardiac arrest 63; 
and CSE 610; and drowning 796–7; in 
head injuries 779; and heart rate 37; 
intrapartum 365, 376–7; and PCP 701; 
and resuscitation 42; and SCD 174, 
176; and seizures 371; and spinal cord 
injury 407; in trauma 770

hypoxic- ischaemic cerebral injury 398–9, 
404, 798

hysterectomy: and obstetric haemorrhage 
189, 198–9; in post- operative care 304; 
and puerperal sepsis 221; and retained 
placenta 197; and ruptured uterus 216; 
and septic abortion 177; subtotal 216, 
326

hysterical conversion disorders 507

IBD see infl ammatory bowel disease
ibuprofen: and arthritis 573; and liver 

dysfunction 488, 492–3; and migraine 
617; as pain relief 72–3, 82; in pallia-
tive care 81

ICD (International Classification of 
Diseases) 29, 113, 229

ICF (International Classification of 
Functioning, Disability and Health) 
397–8, 470

ICN (International Council of Nurses) 98–9
icterometer 367
IED (improvised explosive devices) 

799–800
ifosfamide 579, 586
IgA nephropathy 476–8
IGRA (interferon gamma release assay) 

287–8, 668
ILCOR (International Liaison Committee on 

Resuscitation) 335–6, 342
ileostomy 563
ileus: and DKA 263, 495; and puerperal 

sepsis 221; see also meconium ileus; 
paralytic ileus

imaging facilities, essential 12–14
Imaging the World 13
Imbelekisane 107
IMCI (integrated management of child-

hood illness) 276
imidazole cream 627
imipenem 535, 673, 678–9
imipramine 294
immediate- release morphine 82
immunisation: and antenatal care 138; 

for healthcare workers 5–6; and HIV 
710–11; hospital issues regarding 
92–5; for measles 721; in pregnancy 
144; and preventing disability 398; and 
SCD 174–5

immunisation information 29
immunisation instruments 94
immunocompromised children 93–4, 

551, 605, 680–1, 721
immunoglobulin therapy 580
immunological failure 699
IMNCI (Integrated Management of 

Neonatal and Childhood Illnesses) 109
impairment: prevention of 398; use of 

term 397
impetigo 625–6; and burns 819; in HIV 

709; and rash 385; and Staphylococcus 
679; and Streptococcus 658; treat-
ment of 626

impulsivity 404, 510–11
inattention 510–11, 820
incarcerated hernia 628–9, 636
incinerator 4, 8, 142
incisions: care for 763–4; use of term 

762; in wound debridement 802

incomplete miscarriage 179–81
incontinence: in palliative care 89; and 

spinal cord problems 403–4
increased respiratory rate 437: and 

dehydration 394; and puerperal sepsis 
221; and pulmonary oedema 208; and 
shock 38

incubators: in OT 14; and oxygenation 
362; and preterm infants 14, 345, 349; 
temperatures for 350

India: cancers in 575; child abuse in 821; 
leprosy in 645; malaria in 285; thalas-
saemia in 541

India ink stain 29
Indonesia, 2004 tsunami in see South- 

East Asian tsunami of 2004
induction of labour: and APH 189; and 

dating of pregnancy 137; and diabetes 
262; and fetal death 228; and maternal 
SCD 174; and PPROM 246; in pre- 
eclampsia 209–10; procedures for 
150–3; routine 229

induction training 5
indwelling catheters 89, 412, 652, 859
Inembe 107
inevitable miscarriage 162, 179–80, 182
infant botulism 640–1
infant brain 14
infants: anaesthesia for 127; chest com-

pressions in 47–8; clearing airway in 53; 
eye examinations for 589; face masks 
on 60; heart failure in 454; identifying 
pulse of 47; IM injections in 18; labora-
tory evaluation of unwell 350–1, 353; 
need for resuscitation in 31; newborn 
see neonates; respiratory distress in 
37; respiratory rates of 36, 131; RICP 
in 794; signs for urgent management 33

infection: after childbirth 219–20; and 
apnoea 365; asymptomatic 245, 331, 
729; and cancer 579–80; in post- 
operative care 304; and PPROM 246; 
preventing spread of 103; in SAM 520; 
and SCD 534–6; and miscarriage see 
septic abortion

infection control: audit of 4; in bronchiolitis 
431; in cancer treatment 579, 588; and 
child–parent contact 9; in childbirth 139, 
142; and death of patients 9–10; in OT 
15; and VHFs 727–8

infective shock 24, 171
inferior vena cava, occlusion of 50, 144, 

187, 211
infertility, and chemotherapy 579, 581, 

583
infi bulation 298–300
infl ammatory bowel disease: and abdomi-

nal pain 382; and anal injury 822; and 
arthritis 572; and diarrhoea 546, 556; 
and gastroenteritis 271; investigations 
for 561–3

infl ation breaths 337, 341
infl iximab 563, 573
infl uenza 175, 574, 648, 721, 747
information: children’s needs for 393; 

disclosure of 100–1
information technology 3
informed consent 6, 100, 313, 689
infusion pumps 18, 69, 81, 90
inguinal hernia, indirect 628–9
INH prophylaxis 275–6
inhalational anaesthesia 127, 129
inhalational burns 424
inhalational injury 807–8
injections, minimising errors in 850–1, 

853–4
inotropes: in ALF 488; and cardiomyo-

pathy 455; and dengue 684–5; and 
oedema 177; and shock 39–40, 171, 
461, 467–8; and TRALI 25; and yellow 
fever 729

inotropic support 25, 171, 226, 455, 652
INPV 67, 132, 844
INR (international normalised ratio) 224, 

486, 488, 491, 686
insect bites 258, 642
insecticides: and malaria 276–8; and 

poisoning 813
insomnia: postnatal 293; and puerperal 

psychosis 295; and steroids 85, 89; 
see also sleep disturbance

inspiratory noises 36
inspissated bile syndrome 632
instrumental delivery 191, 214, 238, 327
insulin: and DKA 263, 265, 496; in emer-

gency treatment 42, 110; requirements 
in diabetes 261–2, 262, 497; storage 
of 19; teaching administration of 497

intensive care, minimum standards for 68
intentional injury see non- accidental injury

intercostal block 128
intercourse: after PPROM 245; bleeding 

caused by 185; effects of FGC on 300
interferon, pegylated 687
interferon gamma release assay (IGRA) 

287–8, 668
internal jugular vein 857; cannulation 

of 857
International Code of Medical Ethics 98–9
International Council of Nurses (ICN) 

98–9, 103
International Standards for the Safe 

Practice of Anaesthesia 121
Internet: in cancer centres 577; and con-

tinuing medical education 10–11; in 
hospitals 3–4

interpreters 66, 302
intersex 630
interstitial pneumonitis 108, 666, 719
intestinal helminths 563, 748
intestinal lymphangiectasia 388
intestinal obstruction: nausea due to 86; 

surgery for 563, 635–6
intestinal parasites 383, 523
intestinal perforation 378, 672, 747
intra- abdominal haemorrhage 782, 786
intra- abdominal infection, and ectopic 

pregnancy 177
intra- abdominal injuries 865
intra- ocular pressure 589
intra- operative blood loss 22, 122
intra- operative haemorrhage 215
intracerebral haematoma 779
intracerebral haemorrhage 544
intracranial abscesses 619
intracranial haematomas 777, 793–4
intracranial haemorrhage: fetal 215; and 

fetal death 321; and general anaes-
thesia 210; and headache 389; and 
seizures 371

intracranial imaging 372
intracranial pressure: controlling 496; 

monitoring 603; raised see RICP
intracranial spread 123
intradermal injections 724–5, 854
intramural gas 377
intramuscular (IM) injections: of adrenaline 

433; antihypertensive 205–6; avoiding 
in pain 69, 76, 81, 173; avoiding in polio 
722; of metastatic infestions 674; of 
penicillin prophylaxis 570; precautions 
for 851; procedure for 18–19, 853; of 
varicella vaccine 681; of vitamin A 558

intraosseous cannulation 62, 856
intraosseous infusion 464, 548, 774, 

856, 860–1
intraosseous needles 109, 465, 549–50, 

742, 860–1
intrapartum fever, maternal 659
intrapartum pneumonia 339
intraperitoneal haemorrhage 784
intrauterine death 32
intrauterine growth retardation (IUGR): and 

beta- blockers 253; and fundal height 
138; and hypoglycaemia 375; and 
malaria 276; and multiple pregnancy 
232; and pre- eclampsia 201, 205, 209; 
preventing 398; and stillbirth 229; use 
of term 342

intrauterine infection: and fetal death 
215, 321; and hearing loss 401; and 
sepsis 122

intravascular lines 851
intravenous see IV
intravenous urogram (IVU) 472, 585
intraventricular haemorrhage 355, 365, 

371, 374, 376
intubation: in anaesthesia 127, 130–1; 

in asthma 434–5; for children 423, 
787, 838–9; in children 423, 787; and 
croup 423; and epiglottitis 424; failed 
124; and high- dependency care 67; 
in resuscitation 34–5, 37, 42, 169; in 
trauma 771

intussusception: and abdominal pain 382; 
and diarrhoea 545, 548; and shock 
463–4; surgery for 635; and vomiting 
377, 384

inverted uterus 248–50; and bleeding 
171, 191, 199; pathway of care for 249; 
in placenta removal 326

involuntary movements 371, 402
iodine: and rehydration 520; tincture of 

314
iodine defi ciency 501–2, 515
iodophor, in Caesarean section 314
ipecacuanha 812
IPPV (intermittent positive pressure 

ventilation): air fl ow in 133; and high- 
dependency care 67; indications for 
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845; in resuscitation 177; and trauma 
773

IPT (intermittent preventive treatment): 
antimalaria 173, 746; for pregnant 
women 398

IPTp (intermittent presumptive treatment) 
276–8

IPV (inactivated poliovirus vaccine) 92–3, 
763

IRIS (immune reconstitution infl ammatory 
syndrome) 699–700

iritis 589, 591, 655, 758
iron: and liver dysfunction 493; parenteral 

172–3
iron chelation therapy 174, 532, 538–9, 

538, 541–2
iron defi ciency anaemia: clinical features 

of 530; and HIV 275; and hyperemesis 
252; management of 530–1; in preg-
nancy 172, 398; preventing 532

iron dextran 173
iron overload 26, 174, 485, 537, 542
iron poisoning 488, 745, 812, 815
iron sucrose 173
iron supplements: and anaemia 172–3, 

175, 275, 531; and pressure sores 
416–17; for preterm infants 346; in 
severe malnutrition 523

irreversible shock 167
irritable behaviour 271, 463
irritable bowel syndrome: and abdominal 

pain 382; and diarrhoea 380
IRS (indoor residual spraying) 277–8, 

284, 736
ischaemic stroke 536–7, 707
ischial spines 149, 309–10, 327–8
Isihlambezo 107
isolation, for specifi c infections 9
isoniazid: and liver dysfunction 488, 493; 

routes of administration 851; and TB 
287–8, 666–7, 669, 671

isoniazid preventive therapy 356, 666, 
671, 703

isoprenaline 450, 458
isopropyl alcohol 351, 353
itching: and blood transfusion 24; see 

also pruritus
ITNs (insecticide- treated bednets) 157, 

229, 276–8, 736
ITP (idiopathic thrombocytopenic purpura) 

543–4
itraconazole 709
IUCD (intrauterine contraceptive device) 

177, 304
IV administration: drugs available by 90; 

through cannula 855
IV administration sets 129
IV antibiotics: and appendicitis 634; and 

diarrhoea 557; as emergency treatment 
42; and intussusception 635; in labour 
150; and uterine perforation 182; and 
UTIs 473

IV drip stands 69
IV fluids: administration of 16–17; in 

anaesthesia 129–30; compared to 
human serum 460; comparison of 16; 
complications of 18; and dehydration 
272, 549; excessive 454; in labour 175; 
post- operative 127; recording chart for 
886; in shock 459–60

IV/IA (intravenous/intra- arterial) access 
852

IV infusions: antibacterial 679; and 
convulsions 108; and dehydration 
555–6; of desmopressin 543; diaz-
epam 661; drip rates for 883–4; in 
high- dependency care 853; line fl ow 
rates 775; in malnutrition 518; meth-
ylprednisolone 573; minimising errors 
in 852; of morphine 74; prednisolone 
570; procedures for 17–18

IV lines 18
IV rehydration 550, 555–7
ivermectin 625, 748–50, 755–60
IVIG (intravenous immunoglobulin) 604, 

658–9
IVRA (intravenous regional anaesthetic) 

128

jaundice: and anaemia 383; and blood 
transfusion 26; brain damage due to 
376; in children 380–1; and CLD 489; 
documenting 30; and enzyme defi ciency 
540–1; and haemolysis 173; and 
hepatitis 686; and hydatids 751; and 
hypothyroidism 501; investigations in 
381; and leptospirosis 647; and malaria 
279, 283, 738; and mumps 721; in 
neonates 333, 353, 355, 366–70, 399, 
401; obstructive 83, 368, 567, 632, 

710; and polycythaemia 360; and pre- 
eclampsia 209; prolonged 368, 472, 
501; and septicaemia 352; and TB 
chemotherapy 669; and toxoplasmosis 
747; and yellow fever 729

jaw thrust 46, 61: in airway opening 35, 
46, 48; in neonates 336–7; in trauma 
771

JC virus 706
JDM see dermatomyositis
jellyfi sh 818
JEV (Japanese encephalitis virus) 601, 

603–4
Jewett brace 406–7
JHR (Jarisch–Herxheimer reaction) 

290–1, 654–5
job descriptions 5
Joel- Cohen incision 314–15
Johns Hopkins Program for International 

Education in Gynecology 12
joint aspiration 622
joint contractures 351, 409, 572
joint failure 572
joint pain 220, 542, 569–71, 735, 737
Jones criteria 569–70, 570
jugular vein: engorgement of 522; see 

also external jugular vein; internal 
jugular vein

jungle- grass 677
justice 98, 115, 117–18
juvenile idiopathic arthritis 571–4
juvenile rheumatoid arthritis 385, 406
JVP (jugular venous pressure): in cardiac 

failure 252; elevated 165, 452; examin-
ing 30; and malaria 743; over- hydration 
272; and shock 40, 776

K- wiring 767–9
Kaltostat 88, 90
kanamycin 287–8, 590, 670
kangaroo care 157, 332–3, 344, 349
Kaposi’s sarcoma 575, 586, 666, 688–9, 

704–5, 710
Katayama fever 752–3
Kato- Katz smears 27–8, 748
Kawasaki disease 381, 385, 571, 676, 

686
keloid scarring 300, 315
Kenya: FGC in 301; and hydatids 751; 

malaria transmission in 278; traditional 
medicine in 107

keratitis, interstitial 290
keratomalacia 517
kerions 627
kerosene 94, 812–13
Kessler Psychological Distress Scale 294
ketamine: in anaesthesia 122, 124–30, 

257, 328, 434; in burns 808, 836; 
and detonation injuries 799; in early 
pregnancy 125; in high- dependency 
care 853; and hypercyanotic spells 
450; and obstetric haemorrhage 189, 
200; in placenta removal 326; and 
pre- eclampsia 210; and sedation of 
children 77; for severe pain relief 75; in 
trauma 774, 777–8, 788; and uterine 
evacuation 221

ketoacidosis 138, 216, 251
ketoconazole: and candidiasis 704; for 

corneal ulcers 591; and leishmaniasis 
733; and liver dysfunction 493; and 
pityriasis 646

ketoconazole shampoo 627, 709
ketone smell 262, 494
ketones: in labour 145, 147; urine testing 

for 497–8
ketosis, and hyperemesis 251
kidneys: injuries to 279, 783; and lead 

poisoning 814
Kiwi OmniCup 306, 307, 310, 312
Klebsiella: and chemotherapy 580; and 

early- onset sepsis 350, 353; and HIV 
701; hospital- acquired 362; and iron 
chelation 535

Klebsiella granulomatis 657
Klebsiella pneumoniae 350, 353, 436
Kleihauer test 138, 185, 366
Klippel–Feil syndrome 406
Kocher clamp 151
Kocher’s forceps 209, 321
Koplik’s spots 719–20
Korotkoff phase 5, 38
Kübler- Ross, Elisabeth 112
Kussmaul breathing 283, 595
kwashiorkor: and diarrhoea 545; and 

generalised oedema 388; presentation 
of 516; and shock 462, 464, 467; skin 
changes of 517, 523; and VAD 513

KY jelly 57, 413, 863
kyphoscoliosis 514

labetalol 200, 202–3, 205, 210, 255
laboratory services, essential 26–7
laboratory values, normal 879–80
labour: in anaemic mothers 174; antico-

agulation in 225; effects of FGC on 300; 
fi rst stage of 143, 150, 153, 211, 230, 
238; heart failure during 253; induced 
see induction of labour; insulin in 262; 
long 122; and mental health problems 
295; in multiple pregnancy 233; normal 
143–6; positions for 143–4, 145; and 
SCD 175–6; second stage of 153–4; 
shock in 169; slow progress of 211–14, 
213–14; stages of 147; third stage 
of 154–5, 189–90; see also active 
labour

labour ward 14, 148, 150
lacerations: and forceps use 313; and 

fractures 765; and PPH 199; treatment 
of 763–4; use of term 762

lacrimal duct, expressing 590
lactate measurement 459, 745
lactic acidosis 167, 717, 743
lactobacilli, vaginal 869–70
lactose hydrogen breath test 567
lactose intolerance 380, 524, 551, 

557–8, 566–7, 705
lactulose 486, 488, 490, 559
lamivudine 656, 670, 695, 698, 714, 717
landmines 799–800
language delay: and abuse 820; and 

HIV 706
language development: and ADHD 511; 

and autism 404, 510; and developmen-
tal delay 402–3; and hearing 401; and 
schizophrenia 508

laparoscopy, and undescended testes 
629–30

laparotomy: and abdominal paracentesis 
865; exploratory 782, 786, 802; instru-
ments for 15; and intestinal obstruction 
636; and NEC 378; and peritonitis 222, 
305; in placenta removal 326; and PPH 
198; and puerperal sepsis 221; and 
ruptured ectopic pregnancy 179; and 
ruptured uterus 213, 216

large- volume spacers 110, 430, 432
larva currens 759
laryngeal diphtheria 644
laryngeal mask airways (LMAs) 55
laryngeal masks 109, 124, 425
laryngeal nerve paralysis 513
laryngeal oedema 24, 208, 210, 424
laryngeal/pharyngeal lesions 130, 839
laryngeal spasm 125, 662, 796
laryngeal trauma 422
laryngoscopes: in advanced life support 

55; in anaesthesia 124; designs of 
56; in emergency room 109; in high- 
dependency care 69; and intubation 
130–1, 838–9, 838; in neonatal resus-
citation 330, 335, 339

laryngoscopy 42, 57, 423–4
laryngospasm, in neonates 336
laryngotracheitis 679
laryngotracheobronchitis 422
larynx, anatomy of 840
Lassa fever 487, 686, 726, 728
last menstrual period (LMP), date of 136
late miscarriage 182
late pregnancy: abdominal muscles in 

52; abdominal pain in 159–61; car-
diac arrest in 65; diaphragm in 269; 
morphine in 72; shock in 169; vaginal 
bleeding in 163–4

lateral tilt: in Caesarean section 66; in 
induction of labour 152; in resuscitation 
38, 170, 187; wedges for 68

laundry service 4, 8
laws: concerning death 91; controlling 

drugs 19; and ethics 98
laxatives: in bowel training 412; in con-

stipation 560; prophylactic 83–4, 87
LBRF (louse- borne relapsing fever) 654–5
LBW (low birth weight) babies: and 

breastfeeding 347; categories of 344; 
and chickenpox 291; and CNEP 847; 
discharge and follow- up of 345–6; and 
domestic violence 302; emergency 
problems for 348; iron supplementa-
tion for 398, 532; and malaria 276–7; 
and maternal depression 292; mortality 
of 330; neonatal sepsis in 156; post-
natal care for 156–7; and prematurity 
342; and syphilis 289; and TB 275, 
286

LCD (liquid crystal display) 13
lead poisoning 383, 508, 814
learning diffi culties 404–5; and abuse 96; 

and cerebral palsy 403; and expression 

of pain 70; facilities for children with 
418; and hearing impairment 401

left heart obstruction 252, 450–1, 450, 
453, 455

left- to- right shunting cardiac defects 451, 
453–4, 454

left ventricular dysfunction 254–5, 452–3
left ventricular hypertrophy (LVH) 254–5, 

451–2, 644
leg amputation 799–800
leg pain 223–4, 735
leg separators 419
leg tremor 251
leg ulcers 106, 539
Legionella 7, 602, 704
legs: elevating 170, 177, 187, 194, 549; 

extended 40, 237, 243; in symphysi-
otomy 319–20

Leishmania amastigotes 27
leishmaniasis 28, 626, 642, 733–5
lemon juice 106; see also fruit juices
leprosy 645–6; and Buruli ulcer 642; 

immunisation against 93; investigations 
for 28; and nephrotic syndrome 476; 
smears for 27

leptospirosis: and ALF 487; and coma 
593; and encephalitis 602; and rickett-
sial disease 676–7

leucocytosis 263, 495, 658, 673, 749
leucopenia: and measles 719; and SLE 

573; and trypanosomiasis 732; and 
typhoid 673; and yellow fever 729

leukaemia: and anaemia 383, 530; bleed-
ing in 88; lumbar puncture in 579, 865; 
and lymphadenopathy 381, 631; pallia-
tive care in 91; see also ALL; AML

leukocytosis 570, 631, 635
leukodystrophies 614
leukoencephalopathy 706
leukotriene antagonists 432
levamisole 173, 469, 476, 750
levofl oxacin 287, 670
LGA (large for gestational age) 342
lichen sclerosus 822
lidocaine: accidental injection into fetus 

377; and arrhythmias 813; in bowel 
training 412; in Caesarean section 126; 
and cardiac arrest 65; during surgery 
76; in general anaesthesia 124; and 
inter- osseous infusion 860; as pain con-
trol 70–1; in pudendal block 327–8; 
and spinal anesthesia 123; and vacuum 
delivery 308

lidocaine toxicity 71
life skills training 509
light bleeding, defi nition of 163
light sources, LED 27
lignocaine: and cannulation 857–8; in 

chest drain insertion 843; in culdocen-
tesis 222; and envenomation 817; as 
local anaesthetic 110, 127–8, 130; 
and lumbar puncture 866; and magne-
sium sulphate 206; and management 
of miscarrriage 180–1; in OT 14; in 
symphysiotomy 319; uses in labour 300

limb fractures 784–5
limb girdle muscular dystrophies 616
limb weakness 706, 777, 816
limb wounds 802
linctus 88
LIP (lymphoid interstitial pneumonitis) 

666, 689, 702–3, 702
lip smacking 371, 607
lipodystrophy 699, 717
lipoid pneumonia 812–13
lipoma 406, 642
liquor: bloodstained 231; chronic loss 

of 364; foul smelling 151; meconium- 
stained 147, 227, 337; recording state 
of 146–7

Lisinopril 253
Listeria 355, 600
Listeria monocytogenes 350, 353, 597, 

600
lithium 293
lithotomy position: and Caesarean section 

316; fetal scalp assessment in 231; on 
OT tables 14; repairing tears in 196; for 
vacuum delivery 308

liver: enlarged see enlarged liver; trauma 
to 782–3

liver abscesses, amoebic 747
liver cirrhosis 386
liver disease: basic investigations in 491; 

and bleeding 88
liver dysfunction: and drugs 493; and 

magneisum 207
liver failure: and NSAIDs 73; and pre- 

eclampsia 209; and yellow fever 729
liver fl ukes 754
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liver function tests: and anthrax 678; and 
SCD 174; and shock 171; and traditional 
medicine 108

liver palms 381, 490
liver transaminases 108, 381, 669, 734
liver tumours 491, 585–6
LLINs (long- lasting insecticidal nets) 

277–8, 284, 736, 739, 745
LMAs (laryngeal mask airways) 55
LMWH (low-  molecular- weight heparin) 

42, 175–6, 211, 224–5
Loa loa 756–8
local anaesthetic: and abdominal para-

centesis 865; in Caesarean section 
122; and cannulation 75, 856–8; and 
chest drain 842; and de- infibulation 
300; dosage and applicaiton of 127–8; 
in emergency room 110; in eye drops 
589; and lumbar puncture 866; as pain 
control 70–1, 76–7

local anaesthetic toxicity 66, 203
local lymphadenopathy 381, 678
localised tetanus 660
lockjaw 660–1
LOD (lichenifi ed onchodermatitis) 758
LODOX Statscan 13
log- rolling 774, 778, 780, 783, 864; posi-

tion of staff for 864
loin pain 286, 472
long QT syndrome 387, 617
long saphenous vein cut- down cannu-

lation 858: in dehydration 464, 548; 
in DKA 262; in gastroenteritis 271; in 
obstetric emergencies 177–8, 187, 
194, 250; procedure for 854, 858; in 
shock 170; in trauma 775–6

lopinavir (LPV) 656, 698, 700, 716–17
lorazepam: and CSE 610; in emergency 

room 110; and epilepsy 794; in pallia-
tive care 88

loss orientation 112
Løvset manoeuvre 243, 318
low- income countries: lack of medical 

resources in 7, 599; maternal mortality 
in 347; prophylactic policy in 671; risk of 
infection in 665; shortage of healthcare 
workers in 103; traditional treatment 
in 106; and trauma 769–70; vaccina-
tions in 92

low pulmonary blood fl ow 447–8, 448
low transverse incision 314–15
low vertical incision 314
lower abdominal pain: and inverted uterus 

248; and miscarriage 179–80; and sep-
tic abortion 176

lower respiratory tract infection 634, 
702, 720

LTBI (latent TB infection) 288
luciferase immunoprecipitation systems 

758
luer lock conections 18, 852
lumbar puncture: and cancer 579, 582; 

and coma 596; contraindications to 
597; and encephalitis 603; and febrile 
seizures 609; in infants 351, 353–5; 
and malaria 280, 282, 740–1; and men-
ingitis 598–9; in meningococcal disease 
650, 652; procedure for 865–6, 866; in 
PUO 391; repeated 75, 389, 582; and 
scrub typhus 677; and seizures 371–2; 
and trypanosomiasis 731

lumefantrine 279, 738–40
lung abscess 438, 440, 442, 633
lung crepitations: and heart failure 25, 

40, 252, 522; and over- hydration 272
lung disease: and respiratory rates 36; 

suppurative 848
lung infections, opportunistic 704
lung infl ations 335–6, 338–9, 341
lung metastases 88, 585–7
lungs: primary TB of 666; stiff 57
lupus 202–3, 475–8, 573, 686
lying aids 418, 419
Lyme disease 574, 593, 602–3, 648–9
lymph node disease 667
lymph nodes, and trypanosomiasis 730
lymphadenitis: acute 628, 631–2; and 

Buruli ulcer 642; mesenteric 427; as 
STI 656; suppurative 700

lymphadenopathy: and ALF 486; and 
anaemia 383; and cancer 581; causes 
of 381, 631–2; and diarrhoea 380; 
disseminated suppurative 586; and 
generalised oedema 388; and hernia 
628; hilar 631, 702–3; investigations 
in 381; and leishmaniasis 734; and 
leptospirosis 647; and onchocerciasis 
758; in rheumatic disease 571; and 
STIs 657; and TB 286, 666, 668, 703; 
tick- borne 675; and toxoplasmosis 747

lymphangitis 18, 756, 809, 851
lymphatic fi lariasis 756; control of 756
lympho- bronchial disease 666–7, 669
lymphocyte count, normal 879
lymphoedema, and fi lariasis 755–7
lymphogranuloma venereum 656–7
lymphoma: and abdominal pain 383; 

chemotherapy for 577, 582, 587; and 
goitre 502; and lumbar puncture 579; 
and lymphadenopathy 381; and pleural 
effusion 441

macrolides 158, 658
macroscopic glomerular haematuria 478
macular rash 385, 647
maculopapular erythematous rash 708
maculopapular rash 597, 650, 677, 683, 

719, 727
Madagascar 645
magical thinking 115, 118
Magill’s forceps 42, 55, 57, 109, 129–30, 

839
magnesium: in anaesthesia 122, 124; and 

diarrhoea 559
magnesium sulphate: and asthma 

256, 433; and cardiac arrest 65; and 
eclampsia 203, 206–7, 267, 283; in 
emergency room 110; and emergency 
transport 97; and EmONC 306; excess 
63; and fi ts 41; giving safely 257; and 
neonatal apnoea 365; and persistent 
fetal circulation 364; and pre- eclampsia 
207–10; and tetanus 375, 661–2

magnesium toxicity 37, 207–8
magnesium trisilicate 214, 314
magnifying glasses 589
maintenance chemotherapy 576
maintenance fl uids 549: in children 126; 

and dehydration 428, 470; glucose in 
374; in meningitis 599

maize 513, 569
major injuries, management of 762; see 

also trauma
malabsorption: causes of 567; and cystic 

fi brosis 443; and folic acid 515; and 
generalised oedema 388; in HIV 706; 
investigations for 566–7, 568; and 
Streptococcus 659; and strongyloidiasis 
759; types of 566; and VAD 512

malaria 276–85, 736; and anaemia 
21, 173, 383, 530, 532; and blood 
transfusion 22; and cancer 576; case 
management of 276, 278–9; and 
co- trimoxazole 701; and coma 593; 
and diarrhoea 380; follow- up care 
for 746; and HIV 275, 277, 710; and 
hypoglycaemia 498; immunisation 
against 398; investigations for 26–8; 
and jaundice 381; life cycle of 736–7; 
low-  and high- transmission areas 276, 
277; management in children 738; 
and meningitis 597; and miscarriage 
182; neonatal 354, 368; and nephrotic 
syndrome 476; non- falciparium 284–5, 
745–6; and osteomyelitis 535; and 
PPROM 244; and rickettsial disease 
676–7; and RICP 265; and SCD 536; 
seasonal peak of 67; and seizures 203, 
207; and severe malnutrition 524; and 
stillbirths 229; and traditional medicine 
104; and VHFs 726; and vomiting 384

malaria microscopy 737
malaria prevention 138, 175, 229, 275–8, 

746
malaria programmes: diagnostic tests for 

738; minimum standards for 736
malaria prophylaxis 21, 398, 532
malaria smear: and fetal death 228; and 

malnutrition 518; and obstetric haemor-
rhage 182; in PPROM 245; and severe 
malaria 280

Malassezia furfur 646, 709
malathion lotion 625, 813
Malawi, HIV in 688
Malaysia, traditional medicine in 107–8
male genitalia: development of 875; 

examination of 833
Mali: FGC in 299; guinea worms in 754–5; 

malaria in 746; traditional medicine in 
104

malignancy, in ovarian cysts 226–7
Malmström cup 306, 308
malnutrition: activities for children with 

528; in adolescents 395–6; and ALRIs 
436; and anaemia 21, 383; and blad-
der stones 630; and cancer 576, 581; 
chronic 546, 554, 575, 705; in coma 
596; and dehydration 270; and delayed 
puberty 538; and diarrhoea 380, 548, 
551, 557; and dysentery 545; and fl uid 

overload 24; and generalised oedema 
388; and HIV 688–9, 695; home therapy 
for 552–3; and hyperemesis 251; and 
hypothermia 799; and immunisation 
93; and learning diffi culties 404; and 
malaria 741; and measles 719–20; and 
meningitis 598; and metabolic rate 521; 
and paracetomol 73; and persistent 
diarrhoea 556; phases of treatment 
518; and Salmonella 551; and TB 665; 
and vitamin A 513, 591; and wound 
healing 763; see also severe malaria

malpositions 235–8; diagnostic features 
of 236–7; and fetal death 228; and pro-
longed labour 150–3, 212; and uterine 
rupture 215–16

malpresentations 236; and Caesarean 
section 313; and cord prolapse 246; 
diagnostic features of 236–7; and 
obstetric haemorrhage 184; and pro-
longed labour 150, 153, 212; and 
uterine rupture 215

malrotation 563–5, 768
manikins 11, 330
mannitol: and cerebral oedema 793; and 

coma 268, 596; in CSE 611; and DKA 
496; as emergency treatment 43, 110; 
and poisoning 814; and pre- eclampsia 
208–9; and RICP 41, 619, 652, 777

Mantoux test: and HIV 703; and lymphad-
enopathy 631; and malnutrition 524; 
in pregnancy 287–8; in PUO 391; in 
respiratory distress 390; and SCD 174

manual rotation 238–9, 247
MAP (mean arterial pressure) 265, 683
marasmus: and diarrhoea 545; and hae-

moglobin levels 518; in SAM 516; and 
shock 462, 464, 467

Marburg fever 487, 726
marine animals, venomous 815
marriage, forced 397, 826
mask ventilation: for children 133, 845; 

for neonates 337
massage: abdominal 192, 404; and pain 

control 86; uterine 154–5, 155, 169, 
189–90, 190, 192

massive losses 112, 114, 796
mastitis 157, 219, 222–3, 721
MAT (microscopic agglutination test) 647
maternal abdomen, examination of 231–2
maternal bacteraemia 288
maternal bacteriuria 350
maternal blood, transfusing 22
maternal condition 147, 182, 209
maternal depression, risk factors for 292
maternal fever: and antibiotics 151, 331; 

and PPROM 245; and sepsis 350, 361; 
and tachycardia 231

maternal infections, and stillbirth 229
maternal medication: and apnoea in new-

born 365; and vitamin K 342
maternal mortality: and malaria 276; 

postnatal 156; preventing 144; use of 
term 136, 139

maternity blues 293
mattresses, pressure- relieving 89, 416
Mauriceau–Smellie–Veit manouevre 318
maxillofacial injury 771
Mazzotti reaction 758
MCAI (Maternal and Childhealth Advocacy 

International) 11, 44, 55, 67
McRoberts manoeuvre 217–18, , 217
MCUG (micturating cystogram) 472–3, 

480
MCV (mean corpuscular volume) 92–3, 

384, 508, 530
measles 719–21; in cancer treatment 

580; and croup 422–3; and encepha-
litis 602, 604; health burden of 67; 
and hearing loss 401; and HIV 709; 
immunisation against 92–3, 95, 398; 
and malnutrition 517, 522; severe 
720; and VAD 512–13, 591; and visual 
impairment 400

measles vaccine 513, 529, 710–11
mebendazole: and anaemia 531, 746; and 

worms 173, 748–50
mechanical ventilation: and apnoea 366; 

and asthma 257, 434; and diaphrag-
matic hernia 365; and meningococcal 
disease 652; and pneumothorax 364; 
in preterm infants 340; and seizures 376

mechanical ventilators 58
Meckel’s diverticulum 383, 565, 628, 635
meconium: failure to pass 443; and fetal 

distress 151, 212, 232; ingested 349; 
passage of 232, 333, 636; sucking out 
154; thickness of 146

meconium aspiration syndrome (MAS) 
232, 337, 339, 361–2, 364, 845

meconium ileus 443, 636
meconium ileus equivalent 445
mediastinal emphysema 719, 772, 781, 

843
mediastinal shift 364, 633, 780, 790–1
mediastinal tumours 429
mediastinitis 659, 680, 781, 811–12
mediastinum, on X- ray 791
medical ethics 98, 101
medical records, holding 29
medical supplies: measurements of 881; 

provision of 3
medulloblastoma 577, 579, 583–4, 593
mefl oquine 279, 281, 739–41, 745–6
megarectum 559
megavoltage machines 579
meglumine antimoniate 734
melaena 564–5
melarsoprol 730–1
membership organisations, Internet- 

based 10, 12
membranes: keeping intact 241; record-

ing state of 147; sweeping 150
memory loss 125, 251, 649
menarche: age at 875; delayed 573
meningeal arteries, bleeding 793
meningism 647, 655, 677, 707
meningitis: and ADHD 511; antibiotics for 

357; aseptic 604–5, 677; and botulism 
640; and coma 267–8, 596; complica-
tions of 653; and CSE 610; and CSF 
leakage 794; diagnosis of 269; and eye 
disorders 591–2; and febrile seizures 
609; and headache 389; and hearing 
loss 401; immunisation against 93, 398, 
436, 539, 599; investigations for 29, 
355; and Lyme disease 649; malignant 
579; and mastoiditis 428; and relapsing 
fever 655; and resuscitation 41; and 
RICP 265; and salmonella 674; and 
SCD 535–6; and seizures 203, 207, 
371; signs of 40; and Streptococcus 
659; and strongyloidiasis 759; and TB 
666–7; and visual impairment 400; and 
vomiting 384

meningococcaemia, purpua of 593
meningococcal disease 649–53; antibi-

otic doses in 651; epidemics of 649, 
653; immunisation against 95; investi-
gations in 651; monitoring of 599; and 
rash 385; and septic shock 41

meningococcal infections 42, 171, 385, 
598, 676

meningococcal meningitis 597–8, 650; 
signs and symptoms of 650

meningococcal septicaemia 388, 593, 
596, 650, 653, 655

Meningococcus: and BLS 50; and SCD 
538; and septic shock 466, 468

meningoencephalitis 601–2, 605–6, 655, 
675, 677, 721

menorrhagia 544
mental health problems: and abuse 820; 

in children 404, 504–5; for mothers 
292–3, 296; postpartum- onset 293

mental impairment 402, 501, 819; see 
also cognitive impairment

mental retardation see developmental 
delay

mental status: altered 40, 678, 706–7, 
808; and breathing 36–7; and circu-
latory failure 38; improving 171; and 
respiratory support 131–2

mento- anterior position 240
mento- posterior (MP) position 237, 240
mercaptopurine 582
mercury poisoning 106, 508
meropenem 355, 535, 600–1, 659, 

678–9
mesalazine 562–3
metabolic acidosis: and ARF 482–3; 

and iron poisoning 812; in malaria 
280, 283–4, 743; and meningococcal 
disease 652; and persistent fetal circu-
lation 364; and respiratory rates 36; in 
salicylate poisoning 812; and seizures 
376; and septicaemia 352

metabolic alkalosis 486–7, 634–5
metabolic bone disease 346, 491
metabolic derangements 581, 596
metabolic disorders: and autism 510; 

and convulsions 89; and hypoglycaemia 
375, 498–9; and neurological failure 
268; and opioids 84

metabolic encephalopathies 592, 602, 
741

metabolic liver diseases 493
metabolism, inborn error of 362, 368, 

371, 376, 593, 602
metastases, and dyspnoea 87
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metastatic disease 584, 586–7
metastatic infections 674
metformin 261
methadone 76, 508, 811
methaemoglobinaemia 808
methionine 812
methotrexate 493, 572–4, 577, 582–3, 

586
methyl benzethonium 733–4
methyldopa 200, 202
methylene blue 28, 632
methylphenidate 404, 511
methylprednisolone 561–2, 573–4
methylxanthines 256, 365, 432
metoclopramide 86–7, 251, 580, 617
metronidazole: and appendicitis 285, 634; 

and botulism 641; for children 358; 
crushed 88, 90; and diarrhoea 552; 
in emergency room 110; in episiotomy 
325; and fetal death 228; and gall-
stones 539; and giardiasis 523–4; and 
H. pylori 564; and IBD 563; and intes-
tinal obstruction 636; and intracranial 
abscesses 619; and intussusception 
635; and inverted uterus 250; and 
malaria 743; and measles 720; and 
NEC 377; in obstructed labour 214; 
and peritonitis 222, 637; in placenta 
removal 326; in post- operative care 
304–5; and PPH 198; and PPROM 245; 
and protozoal infection 747; and puer-
peral sepsis 221; and retropharyngeal 
abscess 428; routes of administration 
17, 851; and septic shock 171, 177, 
468, 532; in severe malnutrition 521; 
and STIs 657–8; and symphysiotomy 
321; and tetanus 661; and tropical 
ulcer 626; and uterine rupture 216; 
and wound infections 221

MIBG (metaiodobenzylguanidine) scan 
578, 585

miconazole: and candidiasis 704; and 
eczema 627; and impetigo 626; for 
infants 358; and STIs 657

microcel rubber 417
microcephaly, acquired 706
microfi lariae 28, 755–9
microhaematocrit centrifugation 27, 730
micronutrient defi ciencies 402, 522, 556
micronutrient supplementation 395, 558, 

700
micropenis 500, 503–4
microphthalmia 747
microscope, as basic equipment 27, 29
microscopic haematuria: and endocarditis 

456; and glomerulonephritis 478; and 
leptospirosis 648; and scurvy 514

microscopy: and cystitis 286; for malaria 
278

microsporidia 705
microsporidiosis 705
Microsporum 626
mid- trimester miscarriage 180, 182, 228
midazolam: in anaesthesia 130; for 

children 41; and CSE 610–11; in emer-
gency room 110; in high- dependency 
care 853; and morphine toxicity 84; 
in neonates 354, 372; and permanent 
anaesthesia 89; and rabies 723; as 
sedative 90, 127; storage of 19; see 
also buccal midozalam

midwifery: compassion in 142–3; univer-
sal requirements for 139

midwives: in antenatal care 136, 143; 
giving health advice 144; on- call 97; 
suction devices for 109

MIF (microimmunofl uorescent) antibody 
test 676

mifi pristone 182, 228
migraine 203, 382, 384, 389, 617–18
miliary tuberculosis 666–8, 702–3
milk: diluted 806; therapeutic 521, 523, 

526, 529
milk protein intolerance 380, 383, 386, 

565, 569
milrinone 455
miltefosine 735
Minerva cast 407
minor surgery, minimum instruments 

for 15
minor wounds 662, 762–3
miscarriage: blood loss due to 171; and 

domestic violence 302; and malaria 
276; management of 180–3, 228; 
and multiple pregnancy 232; types of 
179–82

misoprostol: and asthma 255; and atonic 
uterus 318; in emergency room 110; 
and emergency transport 97; and 
EmONC 306; and fetal distress 232; and 

induction of labour 152–3, 209–10; and 
inverted uterus 250; and IUFD 228–9; 
in management of miscarriage 180, 
182–3; and oxytocin 151; and PPH 190, 
192, 304, 319

missed miscarriage 179
missile injuries 662, 794, 800
mites 432, 625, 675–7, 710
mitral commissurotomy 254, 452
mitral regurgitation 254, 452, 455, 570
mitral stenosis 252–4, 452, 570
MMR (measles- mumps- rubella) vaccine 

93, 95, 681, 711, 721
mobile screens 69
Modifi ed Children’s Coma Score 650
molar pregnancy: blood loss due to 169, 

171; and hyperemesis 138, 251; and 
hypertension 202; management of 183; 
and pre- eclampsia 202

molluscum contagiosum 657, 689, 
708–9

monoamine oxidase inhibitors 507
monoarthritis 666, 668, 756
monocytic leukaemia 582
mononucleosis, infectious 381, 427–8
Monteggia fracture 768
Moro refl ex 351
morphine: in anaesthesia 130; and 

appenditicis 285; BNF advice on 73; 
for children 77, 79, 81–4; in emergency 
room 110; and heart failure 40, 253; in 
high- dependency care 68, 853; and 
hypercyanotic spells 450; IV dosage of 
74; in labour 150; and neonatal apnoea 
365; non- oral administration of 83; in 
OT 14; as pain relief 72–4, 76; parental 
anxiety about 91; in placenta removal 
326; in pregnancy 175–6; prevention 
of nausea and vomiting due to 75; and 
rabies 723; and respiration 88; safe use 
of 19–20; and tetanus 662; in trauma 
777–8; WHO advice on 73; see also 
oral morphine

morphine toxicity 84
mortuary department 10
mosquitoes: and dengue fever 681; 

and fi lariasis 755, 757; killing 278; in 
malaria 736–7; preventing breeding 
142, 685; and VHFs 726; and yellow 
fever 729

mother and baby, emergencies for 157
mothers: advice card for 892; discharge 

from hospital 156; mental health of 
292–3

motor development, delayed 514, 613
motor diffi culties 401, 663
motor function, testing 595
motor system, examination of 30
motor tone 376
mourning 110–11, 113–17, 119–20, 

711
mouth lesions 518, 566
mouth- to- mouth breaths 46
mouth- to- mouth resuscitation 48; for 

adults 37, 46, 48; and electrical injuries 
795; for infants 60, 338–9

mouth- to- nose ventilation 797
mouth ulcers 71, 517, 604, 608, 720
movement disorders 289, 570, 602, 604
moving needle technique 71
moxifl oxacin 670
Mozambique 587, 645
MRCP (magnetic resonance cholangio-

pancreatography) 567
MRI (magnetic resonance imaging): and 

cancer 227, 578; cardiac 174; and 
coma 596; and encephalitis 606; and 
hypopituitarism 504; and spinal injury 
784

MSU (midstream urine) 28, 221, 245
MTCT (mother- to- child transmission of 

HIV) 98, 273–5, 687, 694–5; prevention 
of see PMTCT

MUAC (mid upper arm circumference): 
and malnutrition 516–17; and nutri-
tional status 462, 464, 467, 493, 873

mucopolysaccharoidoses 839
mucositis 571, 580–1, 717
mucous membranes, dry 138, 262, 271, 

463, 494
multi- drug resistance (MDR), and antibi-

otic overuse 357
multi- drug- resistant (MDR) TB 288, 356, 

665, 668–70
multi- drug- resistant (MDR) typhoid 672–4
multi- organ failure 68, 167, 487–8, 

647–8, 659
multibacillary leprosy 645–6
multidisciplinary team meetings 578
multigravida 136, 147–8, 152–4

multiparity, grand 186, 191
multiparous women: cervical dilation 

in 148, 311; forceps delivery in 247; 
manual rotation in 239; oxytocics in 
215; and transfusions 24; use of term 
136; uterine rupture in 151, 186, 216; 
vaginal delivery in 238

multiple birth: and polycythaemia 360; 
postpartum management of 234; as 
single parity 136

multiple personality disorder 820
multiple pregnancy: antenatal monitor-

ing in 233; and cord prolapse 246; 
dating of 137; and fetal distress 231; 
and hyperemesis 251; risks of 232; 
terminologies for 136

multivitamin supplements 346, 444, 522, 
558, 705

mumps 602, 686, 721
murine typhus 675–6
muscle, dead 802
muscle guarding 178
muscle relaxants: in anaesthesia 124, 

127; and intubation 130; and magne-
sium 207; and pain relief 76; uterine 
152

muscle spasms: and palliative care 89; 
and spinal cord injury 406, 408, 410–
11; and tetanus 661

muscle strength 411, 616
muscle weakness: and botulism 640; and 

Cushing’s syndrome 503; and hypoka-
laemia 550; and rheumatic disease 
569, 574

muscular dystrophies 574, 613, 615–16
musculoskeletal pain 85, 244, 569
mushroom poisioning 488
MV (minute ventilation) 36, 131
MVA (manual vacuum aspiration) 158, 

162–3, 177, 180–3, 181, 306
MVPP (mustine, vinblastine, procarbazine, 

prednisolone) 577, 583
myalgia: and iron dextran 173; and lep-

tospirosis 647; and mastitis 222; and 
relapsing fever 655; and scrub typhus 
677; and VHFs 727

myasthenia gravis 207, 574, 615
Mycobacterium avium complex (MAC) 

705, 710
Mycobacterium leprae 645–6
Mycobacterium tuberculosis 633, 665, 

669, 699, 701
Mycobacterium ulcerans 641
Mycoplasma: and anaemia 383; and 

encephalitis 602–3, 605; and HIV 704; 
and puerperal sepsis 220

Mycoplasma pneumoniae 269, 440, 
602, 701

mydriatics 30, 569, 572, 588, 591
myelitis 602, 604
myeloblastic leukaemia 582
myelomeningocoele 620
myelopathy 706–8, 753
myelosuppression 582
myocardial contusion 776, 781
myocardial infarction 226, 455, 776, 781
myocardial ischaemia 255
myocarditis: and chickenpox 680; and 

heart failure 454–5; and leptospirosis 
648; and mumps 721; and relapsing 
fever 655; in rheumatic disease 570–1; 
and rickettsial disease 675; and scrub 
typhus 677; and trypanosomiasis 730

myoclonic jerks 84, 604–5, 720
myoglobinuria 796, 816
myomectomy, and uterine rupture 186
myopathy 77, 422, 574, 706–8
myositis 658, 680
myotoxicity 815

N- acetylcysteine 486, 488, 810, 812, 
814–15, 814

NAIP (neuronal apoptosis inhibitory pro-
tein) 613

nalidixic acid 389, 480, 544, 551
naloxone: in anaesthesia 124; as emer-

gency treatment 43, 110; and morphine 
20, 73–4; for neonates 330, 335, 340, 
365; and overdose 811; and respiratory 
depression 208

nappy rash 820
naproxen 570, 573
narcotics 19, 73, 351, 365, 812
nasal cannulae 59: clean 142; and CPAP 

845, 846; in emergency room 109; in 
high- dependency care 69; and oxygena-
tion 59, 362, 439

nasal fl aring 58, 361, 430, 438
nasal intubation 131, 787, 839
nasal mask, in high- dependency care 67

nasal PEEP 339
nasal septum erosion/necrosis 845
NASG (non- pneumatic anti- shock gar-

ment) 170, 178, 195–6, 195, 199, 
249–50

nasogastric feeding: in ALF 488; in bron-
chiolitis 431; and burns 806; and cancer 
treatment 581; in diarrhoea 558; in 
heart failure 455; in malnutrition 518, 
525

nasogastric suction 222, 305
nasogastric tube: in coma 268; for 

decompression 636; in diaphragmatic 
hernia 365; for disabled children 401; 
drugs via 17; in emergency room 110; 
for gastric lavage 812; and ileus 263; 
inserting 863–4, 863; in meningitis 
599; and neonatal emergencies 349; 
in palliative care 86–7; procedures for 
use 16; in rehydration 556; and renal 
failure 482; in severe malaria 280; and 
tetanus 375, 661; and trauma 779; and 
ventilation 61

nasopharyngeal airway, use of 56–7
nasopharyngeal aspirate 668–9, 701
nasopharyngeal lesions 586
nasopharyngeal tube 56, 132, 424, 430, 

844
nasopharynx, ulcerations of 678
natamycin, for corneal ulcers 591
national immunisation days (NIDs) 92
nausea, and anaphylaxis 24
nausea and vomiting: and chemotherapy 

580; and dehydration 394; and dia-
betes 261; and encephalitis 602; and 
headache 389; and migraine 617; and 
mumps 721; and opioids 72, 75, 83; 
and peritonitis 305; and poliomyelitis 
722; and relapsing fever 655; in pal-
liative care 86; in pregnancy 138, 251

nebulised adrenaline: and anaphylaxis 
258, 425; and croup 423; in emergen-
cies 35, 42; and measles 720

nebulised salbutamol: and anaphylaxis 
258, 425; and asthma 256; and dysp-
noea 88; in emergencies 37

nebulised saline 88
nebuliser, in emergency room 110
NEC (necrotising enterocolitis) 344, 347, 

371, 376–8, 565, 859
Necator americanus 748, 750
neck: anatomy of 772; broken 241; care 

of in CNEP 848; reduced mobility of 130, 
839; severe extension of 40

neck bruit 451
neck examination, in trauma 779
neck fl exion 487, 793, 845, 866
neck pain 428, 618–19, 783
neck protector 847
neck seal 847–8, 847
neck stiffness: and encephalitis 602; 

and meningitis 267, 269, 597–8; and 
meningococcal disease 650; and pneu-
monia 269, 437

neck swellings 333, 630, 632, 644
neck veins, distended 781, 861
neck X- ray 429
necrotising fasciitis 221, 305, 642, 658, 

660
necrotising retinochoroiditis 747
NECT (nifurtimox- efl ornithine combination 

treatment) 731
needle cricothyroidotomy 840–1
needle pericardiocentesis 62, 773, 

861–2, 862
needle thoracocentesis 842: and bronchi-

olitis 431; and tension pneumothorax 
37, 364, 773, 841–2

needles: care with 8; unsterilised 688
needlestick injuries 5–6, 275, 314, 762, 

764
negative pressure system 847
neglect, as abuse 96, 402, 796, 818–20
Neisseria, and APH 183
Neisseria gonorrhoeae: and conjunctivitis 

356; as STI 656–8, 825
Neisseria meningitidis 268, 593, 597, 

599–601, 649
nelfi navir 715–16
nematodes 748, 755–6
neomycin 93, 356
neonatal care, basic aspects of 330
neonatal care chart 889
neonatal chickenpox 291
neonatal conjunctivitis 350, 353, 356–7, 

590
neonatal deaths: and multiple pregnancy 

232; and vasa praevia 186
neonatal emergencies, drugs for 348
neonatal examination 333–4, 399–400
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neonatal hepatitis 368, 632
neonatal hypoglycaemia 351, 354, 

373–5, 500
neonatal hypothermia 207
neonatal infections: antibiotics for 357–8; 

danger signs for 345; deaths due to 
330; preterm 331; preventing 350; 
recognising and treating 352–3

neonatal jaundice 138, 380
Neonatal Life Support (NLS) 335
neonatal meningitis 352–5, 597
neonatal mortality: estimations of 330; 

and prolonged preganancy 150
neonatal nephrotic syndrome 475
neonatal osteomyelitis 621
neonatal resuscitation 306; air or oxygen 

in 338; algorithms for 341; and anticon-
vulsants 207; capacity for 143; drugs in 
339–40; environment and family in 340; 
equipment for 331–2, 335–6; in normal 
labour 154; poor response to 341–2; 
quality of 398; sequence of actions 
336–9; and vacuum delivery 307

neonatal sclerosing cholangitis 491
neonatal sepsis: antibiotics for 355; and 

bilirubin levels 368; as cause of death 
156; and diarrhoea 545; infections 
causing 106; origins of 350

neonatal tetanus: and immunisation 93, 
95, 333; infection with 660–1; and 
muscle spasms 375; prognosis for 
663; and umbilical discharge 357, 633

neonatal thyrotoxicosis 501
neonatal treatment chart 890
neonates: acidosis in 340; acute blood 

loss in 340; anaemia in 21; anaesthesia 
for 127; cardiac failure in 453–4; cya-
nosis in 335, 338, 353, 446–7; danger 
signs after discharge 346; feeding vol-
umes for 345; fl uid requirements for 
347–8, 882; immunisation of 95; intu-
bation of 337, 839–40, 839; keeping 
warm 336; management of healthy 332; 
neutral position of head and neck 336; 
normal temperatures for 349–50; pain 
in 76; premature see preterm neonates; 
preparation and care for 330; respira-
tion of 37, 131, 334–5; screening for 
SCD 533; and traditional practices 106; 
transfusions to 22

Nepal 645, 733
nephritis: appearance of symptoms 476; 

and generalised oedema 388; and 
mumps 721; and relapsing fever 655; 
reversible 753; on ultrasound 472; and 
VAD 513

nephrocalcinosis 472, 479
nephropathy: membranous 476; and 

schistosomiasis 753
nephrotic syndrome: and ARF 481; in 

children 475; fl uid depletion in 470; 
and generalised oedema 388; and SCD 
539; and SLE 573; steroid- sensitive 
and steroid- resistant 475 ;  and 
Streptococcus 659

nephrotoxicity 108, 288, 292, 731
nerve blocks 70, 84, 128, 181
nerve compression 84–6, 266, 587
nerve pain 80, 84–5
nerve palsies 351, 389, 617, 791
nerve transection 776, 858
neural tube defects 401–2, 515
neuroblastoma 406, 572, 575, 577–9, 

584–5, 587
neurocysticercosis 389, 750
neurodegenerative disease 89, 91, 402–3
neurofi bromatosis 475, 510
neurogenic constipation 560
neurogenic shock 776
neuroimaging 583, 592, 596, 603, 606, 

618–19
neuroleptic malignant syndrome 509
neuroleptics 508
neurological deterioration 406, 652, 667
neurological disease 93, 660
neurological examination 30, 208, 268, 

387, 402, 593, 779, 797
neurological failure: emergency treat-

ment for 43; resuscitation in 40–1; in 
RICP 267; signs and symptoms 43; in 
trauma 777

neurological impairment 607, 667, 
688–9, 798

neurological state: abnormal 376, 534; 
measuring 884

neuromuscular disorders 131, 402, 595, 
843

neuropathic pain see nerve pain
neuropathies, common 613
neurosurgery 583

neurosurgical disorders 618
neurotoxicity 493, 579, 706, 815–16
neutropenia: and cancer 579–80; cyclic 

380; and folic acid 515; and HIV 698
nevirapine (NVP): and breastfeeding 

274–5; drug interactions of 699; in 
HIV- exposed children 694; for infants 
698; and liver enzymes 712; in preg-
nancy 695; side effects of 709; in South 
Africa 98; and syphilis 358; and TB 704

NGOs (non- governmental organisations) 
11, 117, 120, 576

nicotine poisoning 814
nicotinic acid 513
nifedipine: and hypertension 203; and 

premature contractions 330; as tocolytic 
245–6; as vasodilator 208, 253

nifurtimox 730–2
Niger, FGC in 301
Nigeria: FGC in 301; hypocalcaemia in 

514; traditional medicine in 104–7
night blindness 512, 591
nightmares: and grief 115, 118; and opi-

oids 84; and sexual abuse 821
nipples, supernumerary 352
Nissen fundoplication 564
nitazoxanide 754
nitric oxide dysregulation 533
nitrofurantoin: and bladder damage 304; 

and G6PD defi ciency 540–1; and uri-
nary catheterisation 314; and UTIs 473; 
and VUR 480

nitrogen mustard 583
nitrous oxide 14, 75, 150, 778
NNRTIs (non- nucleoside reverse tran-

scriptase inhibitors) 275, 697–8, 700, 
704, 715, 717

nodulectomy 758–9
noma see cancrum oris
non- accidental injuries 96, 572, 770, 808, 

819; sites for 819
non- Hodgkin’s lymphoma 381, 582–3, 

705, 710
non- malefi cence 98
non- rebreathing valve 129
non- shockable cardiac rhythms 62–4, 

62
non- verbal communication 393, 403
normal saline: in emergency room 110; 

in fl uid administration 16; and shock 
169, 460

Norwegian scabies 708, 710
nose breaths 46
nosocomial infection see hospital- 

acquired infection
NRTIs (nucleoside reverse transcriptase 

inhibitor): as backbone of therapy 
697–8; for HIV- positive mothers 275; 
as second- line treatment 700; side 
effects of 709, 717

NSAIDs (non- steroidal anti- infl ammatory 
drugs): and anaesthesia 127; and den-
gue 684; and G6PD deficiency 540; 
and haemophilia 543; and headache 
389; and leprosy 646; as pain relief 
72, 82, 85; and paracetomol 71, 81; 
in post- operative care 303; postpartum 
176; in pregnancy 175; and rheumatic 
fever 570, 573; side effects of 86

NTS (non- typhoidal salmonella) 524, 
551, 598

nuclear imaging 578
nurse attendants 3
nursing: for burns 810; and cancer 

treatment 575; of children 392–3; 
high- dependency 77, 487

nursing staff: code of ethics for 98–9; in 
intensive care 68; in operating theatre 
15

nutrition: and ARF 482; and pressure 
sores 416–17

nutritional assessment 30, 174, 581, 
871–3

nutritional management: in antenatal care 
175; and cancer treatment 581; and 
CLD 491, 493; and HIV 700–1, 705, 
713; and malnutrition 517

nutritional status: and ALTEs 387; docu-
menting 30; and heart failure 253; and 
lymphadenopathy 381; and malaria 
280; and oedema 388; and shock 462, 
464, 467; and vomiting 384

nuts: allergies to 258, 425; fi bre in 411; 
folic acid in 515; and migraine 617; 
vitamin B1 in 513

nystagmus: and cataracts 591; and con-
vulsions 280, 741; as drug side effect 
608; and ketamine 125; and Wernicke–
Korsakoff syndrome 251

nystatin: and candidiasis 357, 657, 704; 

and dermatosis 523; and measles 720; 
prophylactic 488

O- negative blood 169, 194, 250
obesity: and assessing gestational age 

137; and diabetes 261; and pulmonary 
embolism 223

obsessional behaviours 294–6, 404
obsessive- compulsive disorders 293, 

295, 509
obstetric anaesthesia 121
obstetric emergencies 21, 42–3, 75, 

97, 171
obstetric haemorrhage: and Caesarean 

section 313; massive 226; and shock 
39, 170; and transport 97

obstetric history 136, 232, 246, 334
obstructed labour: in adolescents 395; 

Bandl’s ring in 215; and Caesarean sec-
tion 313–14; and delays 153; diagnostic 
issues in 213; emergency treatment 
for 214; fetal death in 215, 231, 321; 
and fetal distress 231–2; and oxytocin 
151; and pain 69; partogram in 212; 
pathway of care in 214; prolonged 186, 
216, 228; and puerperal sepsis 220; 
recognition of 211; transport for 97; 
and uterine rupture 186, 215

obstructive shock 166, 459
occiput- anterior (OA), position 149, 

238–9, 312
occiput- posterior position 238–9: defl ex-

ion in 240; management of 238; rotation 
to 236; vacuum delivery in 310

oedema: and pre- eclampsia 201; see also 
generalised oedema

OEPA (Onchocerciasis El imination 
Programme for the Americas) 759

oesophageal atresia 377
oesophageal burns 803, 811
oesophageal perforation 841
oesophageal refl ux 88
oesophageal stricture 403, 563–4, 811
oesophageal varices 445, 487, 489, 492, 

565, 753
oesophagitis: and abdominal pain 

382; and cancer treatment 581; and 
cytomegalovirus 704; and GOR 564; 
ulcerative 251; viral 704–5; and vomit-
ing 634

oesophagus: perforated 812; trauma to 
781

oestrogen 176, 200, 493, 503
ofl oxacin: during pregnancy 287–8; and 

otitis media 427; and TB 670
oligohydramnios 231, 316, 364, 623
oliguria: and ARF 483; and encephalopa-

thy 376; and leptospirosis 647; and 
malaria 283, 738; and NEC 377; in 
pneumonia 269; and pre- eclampsia 
208; and puerperal sepsis 221; and 
yellow fever 729

omentum 483–4, 633
omeprazole 86, 403, 564, 599
omphalitis 357; late- onset 353; prevent-

ing 332, 350; and traditional medicine 
106

on- the- wards training 10–11
onchocerciasis 400, 625, 642, 757–8
ondansetron 83, 580
open fractures 765, 784
open pneumothorax 773, 778, 780–1
operating theatre (OT): essential resources 

for 14–15; keeping aseptic 4; staff in 15
operative delivery 175, 223, 232
ophthalmitis, acute 655
ophthalmoplegia 614–17
ophthalmoscope 29, 418, 588
opiate analgesics: and burns 804; and 

spider bite 817; see also morphine
opiate dependence 508
opiate overdose 43, 267, 593, 808, 811
opiates: in post- operative care 303; and 

respiratory depression 208
opioids: and cough 88; dosage for children 

81, 127; and obstetric anaesthesia 122, 
124; pain response to 80; reversing 74; 
side effects of 83, 86–7

opisthotonus 40, 269, 661, 741
opportunistic infections: in HIV 273, 690, 

694, 696, 705–6, 708; prophylaxis of 
710

optic atrophy 224, 400, 591, 597, 758
optic nerve glioma 583
optic nerve hypoplasia 591
optic neuritis 287, 669–70, 680, 721
OPV (oral poliovirus vaccine) 92–4, 

710–11
oral antibiotics: and cough 88; and mea-

sles 720

oral hygiene: in coma 268, 597; in DIC 
209; and HIV 705; for hospitalized chil-
dren 393–4; and measles 720; and 
mucositis 580

oral morphine 73, 77, 82–4, 576, 808
oral penicillin: and leptospirosis 648; and 

syphilis 707; and tetanus 661
oral prednisolone: and anaphylaxis 258; 

and asthma 256; and cancer 582; in 
emergency treatment 42; and muscular 
dystrophies 616

oral route: alternatives to 83; loss of 90; 
preferred 81–2

oral steroids: and airway resuscitation 35, 
42; and anaphylaxis 426; and IBD 562; 
and leprosy 646

orange juice 173, 415; see also fruit juices
orchidectomy 630
orchidopexy 128, 629–30
orchitis 721
orderlies 2
organ failure, and coma 593
organomegaly 14
organophosphates 593, 596, 813
Orientia tsutsugamushi 675, 677
orogastric tube: drugs via 17; feeding 

by 16, 348–9; gastric lavage via 812; 
and NEC 377; and respiratory distress 
61, 349, 362, 864; and ventilation 61

oropharyngeal airway: in advanced life 
support 55–6; for anaesthesia 129; 
for children 837–8; in DKA 494; in 
eclampsia 205; in emergency treat-
ment 35, 109; and failed intubation 
124; in high- dependency care 69; in 
obstetric haemorrhage 187; in pulmo-
nary embolism 224; in trauma 771; in 
uterine rupture 216

oropharyngeal airway 55–6, 837–8
oropharyngeal oedema 808
oropharynx, obstruction in 338
ORS (oral rehydration salts): and burns 

805–6; comparison of 519; composition 
of 547–8; and dehydration 270, 394, 
463, 519, 553–5, 554; and dengue 
684; and diarrhoea 544–5, 547, 550–1, 
556; and electrolyte disturbances 550; 
and gastroenteritis 271–2; and heart 
failure 522, 529; and hyperemesis 251; 
and malnutrition 519; and measles 720; 
neonatal 355; and overhydration 546; 
and pneumonia 440

orthopaedic conditions 620, 622
orthopnoea 254–5, 452
osmotic diarrhoea 524, 526, 550, 552
osteo- articular disease 669
osteoarthrosis, premature 624
osteomalacia 514, 566
osteomyelitis: acute haematogenous 621; 

antibiotics for 358; and Buruli ulcer 642; 
and intra- osseous infusions 860–1; 
and juvenile idiopathic arthritis 572; 
manifestations of 621–2; and salmo-
nella 674; and SCD 535; and septic 
arthritis 622; and Staphylococcus 679; 
and tropical ulcer 626; see also chronic 
osteomyelitis

osteonecrosis 85, 572, 623–4
osteoporosis: and CAH 503; and malab-

sorption 566; and prednisolone 256; 
and spinal cord injury 411; and thalas-
saemia 541

osteosarcomas 576, 586–7
OT assistants 15
otitis media: in children 426–8; chronic 

401, 427–8, 661, 688–9, 719; and 
leptospirosis 647; and measles 719, 
721; and poor weight gain 528; and 
Streptococcus 658–9; and vomiting 384

otorrhoea 427, 696, 794
otoscope 29, 588, 749
ototoxic drugs 401
OTP (Outpatient Therapeutic Programme) 

517, 527
out- of- hours work, support for 3
outlet forceps 312
ovale malaria 284, 740
ovarian abscess, and puerperal sepsis 

221
ovarian cysts: and abdominal pain 383; 

and ectopic pregnancy 178; in preg-
nancy 226–7

ovarian failure 581
over- hydration: management of 270, 

272; and oedema 388, 519, 554; in 
pre- eclampsia 208; signs of 466, 546

over- transfusion 252, 537
ovum forceps 198, 221, 304, 326
oxidant drugs 540
oxygen: in anaesthesia 127, 130; in 
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cardiac arrest 65; and dyspnoea 88; 
in labour 75; for LBW babies 344; and 
morphine administration 20; in PPV 133; 
sources of 58–9, 335, 439

oxygen concentrators 58, 69, 129, 
362–3, 439

oxygen cylinders 34, 58, 69, 97
oxygen saturation (SaO2): abnormal 36, 

58; in ALRIs 437; assessment of 59–60, 
59; maternal 176; and morphine 74; in 
neonates 338–9; in pneumonia 269; in 
post- operative care 303; and respiratory 
distress 361

oxygen saturation monitor 430, 701
oxygen supply: for anaesthesia 129; in 

emergency room 110; keeping fire 
away from 58; to masks 60; reserve 
cylinders for 14

oxygen therapy 58, 60, 703
oxygen tubing, clean 142
oxygenation: equipment for 58; and failed 

intubation 124; indications for 58; moni-
toring 59; in respiratory failure 132

oxytocin: after delivery 154–5; and anaes-
thesia 124; and atonic uterus 318; 
avoiding overdose of 215; in Caesarean 
section 316; and emergency transport 
97; and EmONC 306; and fetal death 
228–9; and fetal distress 231–2; and 
inverted uterus 250; in labour 143–4, 
147, 228; in malpresentation 240; and 
management of miscarriage 180, 183; 
in multiple pregnancy 234–5; in pla-
centa removal 197–8, 326; and PPH 
189–90, 192, 255, 304, 318; and 
shoulder dystocia 217; storage of 19; 
and uterine rupture 186

oxytocin infusion: and contractions 214; 
and heart failure 253; in induction of 
labour 151–2, 209; in miscarriage 180; 
post- delivery 210; in PPH 192, 197; in 
twin delivery 233

P- waves 62
p24 assay 690, 693
packed cell volume 26, 280, 369, 494, 

740
packed cells, transfusion of 24
packed red cells (PRC) 467, 531, 684–5, 

775
paediatric anaesthesia 126, 129
paediatric history 400
paediatric intensive care units (PICUs) 

466–7, 469
paediatric oncology 575–8, 587
paediatric paddles 51, 64, 457, 862
pain: and nausea 86; and pre- operative 

assessment 75–6; and toileting habits 
395; in triage 33

pain assessment: in children 81; faces 
scale for 70; problems with 69–70; 
visual scale for 69

pain control: ‘as needed’ (PRN) 82; dur-
ing labour 75, 143; during surgery 76; 
and HIV 711; impact of lack of 69; in 
labour 150; non- drug approaches to 
70, 86; in palliative care 80–1; in post- 
operative care 303–4; systemic drug 
treatment for 71–3 (see also analgesia); 
in trauma 777–8

pain response, assessment of 40, 594, 
777

PAIR (puncture, aspiration, injection, and 
re- aspiration) 751–2

Pakistan: 2005 earthquake in 116; can-
cers in 575; FGC in 298

palliative care: definition of 79; other 
symptoms of 86–90; pain relief in 80–5; 
psychological support in 90–1

pallid asystolic spells 616–17
pallor: and anaemia 530; and anthrax 

678; and breathing failure 37; docu-
menting 30; and hypothyroidism 501; 
and intussusception 635; and rheumatic 
disease 569; and SCD 534

palmar pallor 40
pancreas, injuries to 783
pancreatic enzyme supplements 442, 444
pancreatitis: and abdominal pain 383; and 

hepatitis 686; and mumps 721
pancuronium 19, 130
pancytopenia 573, 702, 734, 753
panencephalitis 603
panic attacks 88, 119, 509, 649
pannus 664, 758
pansystolic murmur 254
pap smears 174, 658
papillae 590, 664
papilloedema: and coma 593; in DKA 263, 

495; and Guillain–Barré syndrome 614; 

and leptospirosis 647; and lumbar punc-
ture 740–1; and RICP 266, 389, 595

Papua New Guinea 515, 641, 736
paraaminosalicylic acid 670
paracetamol: in anaesthesia 126–7, 

130; and dengue 684; and fever 24, 
440, 599; intravenous 73; and liver 
dysfunction 493; and malaria 738, 741; 
in malaria 741–2; and management of 
miscarrriage 180, 182; and mastitis 
223; and migraine 617; and otitis media 
427; and pain relief 71, 73; in palliative 
care 81; in post- operative care 303; 
rectal 19, 82, 609–10, 793; as supposi-
tory 83; and tetanus 662; and tonsillitis 
427; and typhoid 673

paracetamol overdose 488, 812, 814–15, 
814

paradoxical breathing 406, 783
paraesthesia 606, 617, 708, 717, 765, 

789
parainfl uenza 701, 721
paraldehyde: for children 41; and con-

vulsions 742; and CSE 610–11; and 
epilepsy 794–5; in neonates 372; in 
severe anaemia 283

paralysing agents 110
paralytic ileus 407, 550, 555, 634, 759, 

812
parameningeal tumours 586
paraparesis 89, 401, 403–4
paraplegia 89, 405–9, 413, 622
parasitaemia: chronic 173; in malaria 

278, 282, 737, 741, 743; in trypano-
somia 730

parasternal heave, left 223, 452
paratyphoid fever 671–2
parent support groups 91, 576, 587
parenteral antibiotics 356–7, 520, 551, 

651, 720, 792
parenteral morphine 74
parenteral nutrition 378, 567, 581, 806, 

852
parents: of burnt children 810; children’s 

relationship with 30; death of 115, 118; 
emotional unavailability of 820; of epi-
leptic children 608; and hospitalisation 
of children 392

paresis, spastic 739
parity 136, 232, 334
parkinsonism 289, 295, 509, 604
paromomycin 733, 735
parotid swelling 689, 702, 721
parotitis 655, 689, 721
paroxetine 293–4
partial exchange transfusion: and poly-

cythaemia 360–1; and severe anaemia 
39, 173, 253, 523

partograph: cervical dilatation on 148; in 
induction of labour 152; in malpresen-
tations 235; in normal labour 143–7, 
146; in prolonged labour 153, 211, 213

parvovirus B19, 354, 487, 535–6, 686–7
pathological jaundice 368
pathways of care, wall- mounted 69
patient rights 101
patients, rights and responsibilities of 6
paucibacillary leprosy 646
paucibacillary tuberculosis 668
Paul- Bunnell tests 381, 391, 428
Pavlik harness 623
payment, exemption from 32
PCP (pneumocystis pneumonia) 703: 

alveolitis in 438; antibiotics for 439, 
701–2, 713; and chemotherapy 580; 
and HIV 440, 666, 688–9, 701

PCR (polymerase chain reaction): and 
Buruli ulcer 642; and encephalitis 604; 
and heart failure 455; and HIV 690, 693; 
and leishmaniasis 734; and leptospi-
rosis 647; and malaria 285, 738; and 
measles 719; and meningitis 597; and 
muscular dystrophy 616; and relapsing 
fever 655; and rickettsial disease 676; 
and scrub typhus 677; and spinal mus-
cular atrophy 613; and TB 287, 667–8

PCV (pneumococcal conjugate vaccine): 
and HIV 711; introduction of 92–3, 436, 
660; and stroke 538

PDA (persistent ductus arteriosus) 365, 
446–7, 451–2, 454

PEA (pulseless electrical activity) 44, 
61–3, 62

pectus carinatum 514
pediculosis 625
PEEP (positive end- expiratory pressure): 

in amniotic fluid embolism 226; in 
anaesthesia 127; and dengue 684; and 
leptospirosis 648; for neonates 339, 
363; in resuscitation 177

pellagra 513
pelvic abscess 161, 215, 220–2, 304–5, 

634
pelvic bone deformities 514
pelvic fractures 782, 785, 792
pelvic infection, chronic 300, 304
pelvic infl ammatory disease see PID
pelvic trauma 784, 865
pelvic tumours 247
pelvic ultrasound 14
pelvic X- rays 788, 791–2, 791
pelvis: anatomy of 144; contracted 235, 

247
penetrating injuries: abdominal 781–2, 

786, 802; to chest 781; in children 
770; haemodynamic instability after 
865; to the head 794; minor 641; and 
oxygenation 772; and pericardial effu-
sion 861; and resuscitation 39, 461–2, 
775; and RPA 428; and shock 39; and 
stab wounds 764

penicillamine 493
penicillin: in ALF 488; and anthrax 679; 

and botulism 641; and cholestasis 493; 
in emergency room 110; in episiotomy 
325; and glomerulonephritis 477; in 
lymphadenitis 631; and malaria 744; 
and mastoiditis 428; and measles 720; 
and meningitis/encephalitis 41; and 
neonatal infection 352, 355–7; and 
nephrotic syndrome 476; and PPROM 
245; and pressure sores 417; and 
relapsing fever 655; and SCD 174; and 
septic shock 468, 532; side effects of 
709; and Streptococcus 658–9; and 
syphilis 289–90, 356; and tonsillitis 
427; and wound abscess 305; see also 
oral penicillin

penicillin allergy 93, 258, 648
penicillin resistance 626, 651
Penicillium marneffei 689
pentamidine 701–2, 730–1, 734–5
PEP (post- exposure prophylaxis): for HIV 

275, 396, 824; for STIs 656
peptic ulcer 382, 563
percussion, as diagnostic tool 772
percutaneous nephrostomy 479, 482
pericardial effusion 791, 861
pericardial tamponade 62–3, 777, 781
pericarditis: and chickenpox 680; constric-

tive 454, 492; and generalised oedema 
388; in pneumonia 269; in rheumatic 
disease 571; and TB 667, 669

perimeter fence 3–4
perinatal infection 291, 331, 696
perinatal mortality 144, 261, 276, 286
perinatal TB 288
perineal oedema 314
perineal tears, repairing 196
perineal trauma 71, 143, 153, 196, 238, 

240
perineum, local anasthesia to 324
periodontal disease 705
peripheral artery lines 852
peripheral blood smear 369, 533
peripheral lymph node TB 669
peripheral neuritis 287, 513
peripheral neuropathy: causes of 613–14; 

and chemotherapy 579; and HIV 706, 
708; and lead poisoning 814; and 
trypanosomiasis 731; and vitamin E 
defi ciency 491

peripheral perfusion, in obstetric haemor-
rhage 188, 195

peripheral vasodilatation: and overheating 
194, 250; in salicylate poisoning 812; 
and shock 167, 465

peripheral veins, dilated 406
peritoneal dialysis 283, 483–4, 744, 

868, 870
peritoneal lavage 222, 782
peritonitis: and amoebiasis 747; and 

appenditicis 285, 634; and dialysis 
484; and ectopic pregnancy 177–8; 
and gastroenteritis 271; generalised 
215, 285, 378; pelvic 304, 314, 658; 
perforative 637; in post- operative care 
305; and puerperal sepsis 221; and 
rectal reduction 635; and shock 166, 
464; and Streptococcus 659; treat-
ment of 222; and typhoid 672, 674; and 
urinary catheterisation 304

permethrin 625, 655, 729, 735
peroneal muscular atrophy 613
persistent diarrhoea: and HIV 689, 705; 

and Kaposi’s sarcoma 710; and malab-
sorption 566; and malnutrition treatment 
526; management of 557–8, 557, 566; 
nutrition for 558–9, 558; risk factors for 
556–7; use of term 545

persistent fetal circulation 339, 364
persistent pulmonary hypertension of the 

newborn 362, 446
persistent vomiting: in palliative care 83, 

87; and upper gastroenterological disor-
ders 563; and vitamin A defi ciency 513

personal hygiene 4, 300, 393
Perthes disease 623–4
pertussis 653–4; health burden of 67; 

immunisation against 92; and pneu-
monia 436–8, 440; and vomiting 384

pessaries 192, 326
pesticides 278, 812
petechiae: and anaemia 383; in dengue 

683; and endocarditis 456; and hae-
mophilia 544; and leptospirosis 647; 
and measles 719; and relapsing fever 
655; and scurvy 514; and septicaemia 
352; and sexual abuse 822; and toxo-
plasmosis 747

petechial rash 597–8, 683
pethidine 150, 176, 365, 534
petrol, ingestion of 812–13
Pfannenstiel incision 314–15
PFIC (progressive familial intrahepatic 

cholestasis) 491
pGALS approach 569
PGL (persistent generalised lympad-

enopathy) 696
phaeochromocytoma 202
pharyngeal airways 55
pharyngeal ulcers 726
pharyngitis 436, 570, 615, 647, 658–9
phenacetin 540–1
phenobarbital 280, 372–3, 376, 612, 741
phenobarbitone: and CSE 611; in emer-

gency room 110; and epilepsy 606–7; 
maternal 341; in neonates 354, 372; 
and tetanus 662; withdrawal of 610

phenobarbitone poisoning 488
phenoxymethylpenicillin 357, 375
phenylketonuria 404, 510
phenytoin: and arrhythmias 813; and CSE 

611; and eclampsia 207; in emergency 
room 110; and epilepsy 606, 795; and 
folic acid 515; IV administration of 18, 
852; in neonates 372; and nerve pain 
84–5; in severe malaria 280, 283

phenytoin poisoning 488
phimosis 630
phlebitis 611, 731, 776, 858
phosphate, and lead poisoning 814
phosphate enemas 559–60
phosphate retention 485
phosphorus supplements 346
photo- colposcopy 822
photophobia: and eye disorders 590–1; 

and meningitis 269; and vitamin A defi -
ciency 517, 523

phototherapy 360, 367, 369–70
Phthirus pubis 654
physeal fracture 769
physical abuse of children 818–19, 821, 

826
physical stimulation 517, 528
physiological jaundice 367, 369
physiotherapy: and amputation 800; and 

bleeding 89; and botulism 641; and 
bronchiectasis 704; and cerebral palsy 
401, 403; and coma 268; and cystic 
fibrosis 444; post- delivery 321; and 
rheumatic disease 572, 574; and spinal 
cord compression 89; and suppurative 
lung disease 848–50

PICUs (paediatric intensive care units) 
466–7, 469

PID (pelvic inflammatory disease): 
and abdominal pain 158, 383; and 
epididymitis 658; and infertility 395; 
and obstetric haemorrhage 177–9; and 
post- operative care 304; and TB 286

Pierre–Robin syndrome 77, 130, 429, 
839

Pinard’s stethoscope: in antenatal care 
137; as basic equipment 29, 230; in 
labour 143; and viability of pregnancy 
180

pinworms 749–50, 822
piperacillin, and burns 809
piperacillin- tazobactam 355
piperaquine (PQP) 279, 740, 746
piperazine 750
PIs (protease inhibitors) 697–8, 700, 

715–17
PISCES trial 539
PITC (provider- initiated testing and coun-

selling) 690
pituitary adenoma 503
pityriasis alba 646
pityriasis versicolor 627, 646, 709
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pizotifen 617–18
placenta: accidental incision of 340, 

366; aiding separation of 190; deliv-
ery of 155; examining 155–6, 156; 
low implanted 185; manual removal of 
197–8, 306, 326–7, 326; in miscar-
riage 183

placenta accreta 197–9, 317–18, 326
placenta praevia: and anaesthesia 122; 

and APH 183, 185; and ARM 151; and 
Caesarean section 174, 313, 315–18; 
and cervix sweeping 150; and cord pro-
lapse 247; and malpresentation 241; 
and retained placenta 197; and trauma 
785; and vaginal bleeding 232

placental abruption: and abdominal 
tenderness 231; and anaemia 371; 
and APH 183, 185–6; and Caesarean 
section 785; and domestic violence 
302; and induced labour 150; and pre- 
eclampsia 201–2, 209; in SCD 175; 
and trauma 786

placental failure 228
placental perfusion 121, 254, 342
placental separation: and blunt trauma 

785; premature 21; signs of 155, 190
plague 671, 678–9, 728
plants, poisonous 814
plasma, freeze- dried 22, 160, 162–3, 

184, 188
plasma expanders 335, 462, 684, 775
Plasma- Lyte 261–3, 265, 494–6
plasmapheresis 476–7, 614
Plasmodium falciparum 26–7, 276, 279, 

736–9
Plasmodium knowlesi 736
Plasmodium malariae 276, 284–5, 736, 

745
Plasmodium ovale 276, 284–5, 736–7, 

745
Plasmodium vivax 276, 284–5, 736–8, 

745–6
plaster of Paris 764, 766, 854
plastic aprons 9, 142, 728, 808, 810
plastic wrap, and heat loss 330, 332, 

335, 347, 848
platelet count, normal 879
platelet transfusion: and dengue 684; 

preparation for 22; prophylactic 580; 
reactions to 24

play, in children’s wards 6–7
play therapy 120
pLDH tests 284–5, 737, 745
PLEDs (periodic lateralising episodic dis-

charges) 604
pleocytosis 355, 598, 603–4, 647, 707
pleural effusions: and anthrax 678; and 

dengue 684; diagnostic tests for 843–4; 
drainage of 14; infected 632; and pneu-
monia 269, 440; and scrub typhus 677; 
in TB 667–9; treatment of 441–2

pleural infection 773, 842–3
pleural infl ammation 269
pleuritic chest pain: and anthrax 678; and 

empyema 633; and hydatids 751; and 
pneumonia 269, 437; and pulmonary 
embolism 223

plunger withdrawal technique 71
PMTCT (prevention of mother- to- child 

transmission of HIV) 273–5, 398, 524, 
694–6, 701

pneumatocoeles 440, 633
pneumatosis intestinalis 377–8
pneumococcal vaccination 539, 544, 

658, 660
Pneumococcus: antibiotic resistance in 

598; and HIV 701; and SCD 535, 538; 
vaccination against 175

pneumocystis pneumonia see PCP
pneumocystis prophylaxis 670
pneumonia: antibiotics for 282, 551; 

and ARIs 436–7; on chest X- ray 437; 
in children 437–40; chlamydial 590; 
and diarrhoea 551, 557; emergency 
treatment of 269; and febrile seizures 
609; and heart failure 522; and HIV 
688, 701; hypostatic 268, 597; immu-
nisation against 436; inhalational 494; 
and malaria 284, 743; and measles 
719; and mumps 721; in neonates 
339; and pertussis 654; and plague 
679; and poisoning 813; and relapsing 
fever 655; and salmonella 674; and 
Staphylococcus 679; and Streptococcus 
659–60; with wheezing 430

pneumonitis: chemical 106, 364; and 
chickenpox 291; hemorrhagic 647; 
and scrub typhus 677; and strongy-
loidiasis 759

pneumothorax: and asthma 61, 255, 257, 

434; and bronchiolitis 431; and can-
nulation 858; and chest drain 843; and 
CPAP 845; and cystic fi brosis 445; in 
neonates 339, 341, 361–2, 364; and 
oxygenation 772; and thoracocentesis 
842; in trauma 780–1; on X- ray 791

Pneumovax 174, 532, 538
PNS (peripheral nervous system), and 

HIV 706
pocket mask 60
pocketbooks 10–11
PODC (Paediatric Oncology in Developing 

Countries) 578, 587
podophyllin 657–8
poisoning: and botulism 640–1; in chil-

dren 384; deliberate 810, 812, 819, 
823; laboratory explorations in 814–15; 
management of 811–12; and RICP 
267–8; and shock 167; symptoms and 
signs of 810–11; and traditional medi-
cine 104; types of 810

poliomyelitis 722; and botulism 640–1; 
and breathing diffi culties 37; and CNEP 
846; immunisation against 92, 95, 
398, 711

political violence 118
polyarthritis 108, 570, 572–3, 659
polycystic kidney disease 478
polycythaemia: and bilirubin levels 368; 

and blood transfusion 23; and diabetes 
351; and hypoglycaemia 373; neonatal 
332, 360–1; and seizures 371

polydipsia: and diabetes 504; and DKA 
262, 494; and hypercalcaemia 407

polyglycolic acid suture 317, 324
polyhydramnios: and ARM 151; and cord 

prolapse 246; in diabetes 261–2; exam-
ination of 231; and multiple pregnancy 
232; and oesophageal atresia 377; and 
PPROM 244

polymeric diet 561, 563
polyps, cervical 183
polysaccharide vaccines 653, 660, 674
polyuria: and diabetes 261, 504; and DKA 

262, 494; and hypercalcaemia 407; 
and shock 167

POND4kids 576–7, 587
Ponseti management 623
popliteal angle 343–4
pornography, of children 820
porphyria 383, 478, 593
portal hypertension: and ALF 486; and 

CLD 489–92; and cystic fi brosis 445; 
and haemetemesis 563; and hepatitis 
686; and schistosomiasis 753; and 
umbilical discharge 633

portal thrombosis 633
portal vein thrombosis 490–1, 859
porters 2, 5, 196, 396
positive pressure ventilation: in anaesthe-

sia 127, 131; face masks for 60, and 
respiratory distress 361; in septic shock 
468; use of 133, 257, 845

possetting 384
post- eclampsia 210
post- mortem examination 10, 91
post- operative adhesions 636
post- operative care 303–5
post- operative pain, managing 76
post- operative shock 215
post- scarlet fever rash 385
post- streptococcal glomerulonephritis 

476–8, 626
posterior arm, delivery of 218
posterior urethral valves 472–3, 481, 

485, 633
postgraduate education centres 10–11
postnatal care: for disabled children 399; 

for HIV- positive mothers 275; routine 
157; traditional birth attendants in 105

postnatal care programmes 144, 156–7
postpartum haemorrhage (PPH): defi ni-

tion of 189; and anaemia 21, 136; and 
anaesthesia 199; and APH 189; and 
asthma 255; causes of 191; emer-
gency treatment for 43; and inverted 
uterus 248; management of 191–6; 
and multiple pregnancy 232, 234; 
pathway of care for 199; and pituitary 
infarction 200; and placenta praevia 
318; and post- operative care 304; and 
pre- eclampsia 208; prevention of 154, 
174, 189–90; and resuscitation 35–6; 
and retained placenta 197–8; and shock 
169; and shoulder dystocia 217, 219

postural drainage 407, 444, 704, 848–
50, 849

postural hypotension: and antidepressants 
294; and antipsychotics 508; and botu-
lism 640; in CRF 485; and Methyldopa 

202; post- operative 305; and spinal 
cord injury 407

posture, and neurological assessment 40
potassium: adding to IV fl uids 18, 272, 

852; in ARF 482; in diarrhoea 550–1; 
and DKA 263–5, 495–6; and furosem-
ide 455; in rehydration 39

potassium chloride: and dehydration 272, 
549; and diabetes 262; in DKA 265

potassium iodide 501, 520, 522
potassium permanganate 626
potassium replacement: in asthma 256; 

in hyperemesis 251; for neonates 348
Pott’s disease 622, 624
pouch of Douglas 178, 305
poverty: and cancer 575; and sexual 

exploitation 395; and stillbirths 229; and 
traditional medicine 104; and VAD 512

povidone iodine 8, 351, 353, 626, 723
PPROM (pre- term pre- labour rupture of 

membranes) 231, 244–6, 331
PPV (patent processus vaginalis) 628–9
Prader–Willi syndrome 429, 503
pralidoxime 810, 813
praziquantel 751–4
prazosin 815, 817
pre- eclampsia: in adolescent girls 395; 

and anaesthesia 121, 124; antenatal 
care for 136–7; and APH 186; compli-
cations of 208–9; and diabetes 261–2; 
and ergometrine 154, 190; and fetal 
distress 231; and heart failure 252; and 
hypertension 201–2; management of 
202; and nifedipine 246; and pulmonary 
embolism 223; and RICP 265; and SCD 
175; severe 207–8, 210–11; signs of 
137, 144, 147; and stillbirth 229; in 
triage 32; and urinary catheterisation 
304; volume expansion in 208

pre- operative management 75–6
pre- renal failure 471, 481–2, 550, 651
pre- verbal children, and pain 70
prednisolone: and adrenal crisis 500; and 

airway resuscitation 35; and asthma 
432–3; in cancer treatment 576–7, 
580, 582; and diphtheria 645; and 
encephalitis 606; equivalents in other 
drugs 881; and haemangiomas 632; 
and haemolytic anaemia 542; and 
IBD 563; and iritis 591; and leprosy 
646; and nephrotic syndrome 475–6; 
and PCP 701; and rheumatic disease 
570–1; and sleep- related upper airway 
obstruction 430; and trypanosomiasis 
731; see also oral prednisolone

pregnancy: accurate dating of 137; in ado-
lescents 395; anaemia in 21; assessing 
viability of 180; attempted termination of 
176; blood loss in 166–71; blood loss 
in 774; breathing diffi culties in 165–6; 
burns in 803–6, 808; circulation man-
agement in 32, 805; complications due 
to FGC 300; diagnosis of complications 
of 158; emergencies in 97, 109; exag-
gerated signs of 183; fi ts in 41; fl uid 
requirements in 883; fl uid resuscitation 
in 38, 168, 775; and folic acid 515; and 
high- dependency care 67; hypertension 
in 40, 200–1; and immunisation 94–5; 
improving outcomes in 398; ketamine 
in 125; life- threatening complications 
of 166; malaria in 276–8, 398; and 
mortality 139, 395; mumps during 721; 
prolonged 150, 217, 231; radial pulse in 
39; and respiratory rates 36; and SCD 
174; sedation in 76, 127; severe malaria 
in 280; and sexual abuse 821–2; shock 
in 167–71, 172, 186, 216; sonography 
in 14; thrombogenesis in 223; traditional 
medicine in 107–8; trauma in 785–6; 
unintended 275, 695; vitamin A in 
156; see also early pregnancy; ectopic 
pregnancy; late pregnancy; molar preg-
nancy; multiple pregnancy

pregnancy- related events 136
pregnant women: abuse and exploita-

tion of 96; anaesthesia for 121–2; ARV 
therapy for 695; blood pressure in 38; 
blood transfusions for 21; cardiac arrest 
in 52, 55, 65–6; chest compressions in 
48; circulation actions for 49; diazepam 
for 811; drug- dependent 351, 377; 
heart rates in 37, 192; inserting airways 
in 56–7; LTBI in 288; malaria prevention 
in 746; morphine dosage for 20; need 
for resuscitation 31; need for urgent 
management 32; NSAIDs and 72–3, 
76; respiratory failure in 131; respiratory 
rates in 187; resuscitation of 782; risk 
of infection 7; shock in 166; syphilis in 

289–90, 356; tetanus vaccine for 663; 
tranaxemic acid dose for 774; transport 
plans for 97; varicella in 291

premature delivery: and jaundice 368; and 
malaria 276; and multiple pregnancy 
232; and pre- eclampsia 209; reducing 
risks of 21

premature labour: and blunt trauma 785; 
in diabetes 261; and domestic violence 
302; and early- onset sepsis 350; and 
fetal deaths 228; and MTCT 695; and 
multiple pregnancy 232–3; and PPROM 
244–5; preventing 245, 330; signs of 
32; and syphilis 228; in triage 32

prematurity: defi ning 330; fi ts and faints in 
387; and immunisation 93; and mater-
nal SCD 174; and Streptococcus 659; 
see also preterm neonates

presbydermia 758
prescribing practice 17
prescription charts 18–19, 852, 884
prescriptions, writing 17, 852–3
pressure bags 170, 188, 194
pressure bandage 816
pressure sores 417; and coma 597; likely 

sites for 416; in paraparesis 403; in 
post- operative care 303; prevention 
of 418, 420; and spinal cord injuries 
406–10, 415–17; treatment of 417–18

presumed consent 100
preterm neonates: airway size for 57, 130; 

apnoea in 365; death of 156; endotra-
cheal intubation of 339; heat loss in 
332; iron supplementation for 531; and 
PPROM 244; problems associated with 
246, 331; and respiratory distress 362; 
use of term 342; and vitamin D 346

priapism 22, 538–9, 784, 817
primaquine 284–5, 541, 736, 738–9, 

745–6
primary assessment: ABC approach to 

34–7; neurological 40
primary tuberculosis 666
primigravida: effacement in 148; and 

malaria 277; oxytocin infusion for 152; 
pain control for 150; stages of labour 
in 147; time of delivery in 153; use 
of term 136

privacy, for adolescents 396
procaine benzylpenicillin 290, 358, 644
procarbazine 577, 583
prochlorperazine 90, 251, 580, 617–18
products of conception: evacuation of 

180; partial expulsion of 179; retained 
191, 197–8, 220–1, 306

professional bodies, publications of 12
professional registration system 5
progressive encephalopathy 707–8
proguanil 745
prolactin levels 507
prolactinoma 503
prolonged fever 286, 570, 667–8, 720, 

734
prolonged grief disorder 113
prolonged labour: and PPH 191; preven-

tion of 145, 211; and puerperal sepsis 
220

prolonged rupture of membranes: and 
fetal death 215, 321; and induction of 
labour 150; and PPH 198; and sepsis 
122, 220, 350; and Streptococcus 659

promethazine 78
promyelocytic leukamia 582
prophylactic antibiotics: and Caesarean 

section 314, 316, 318; and cystic fi bro-
sis 444; and drowning 798; in induction 
of labour 151; and inter- osseous infu-
sion 860; and inverted uterus 250; for 
mediastinitis 812; for neonates 331, 
350; in placenta removal 198–9, 
326; and PPROM 245; and puerperal 
sepsis 221; and relapsing fever 655; 
and rheumatic fever 452; and ruptured 
membranes 228; and SCD 176; and 
STIs 656; and uterine rupture 186, 216; 
and UTIs 473–4; and VUR 480

prophylactic antipsychotic drugs 295
prophylactic antiretrovirals 6, 273–4
prophylactic chloramphenicol 358
prophylactic penicillin 475, 538, 540, 544
propranolol 450, 457, 469, 492, 501, 

617–18
proptosis 584, 586
prostaglandin E 446, 448–9
prostaglandin E1 448, 451
prostaglandin E2 40, 448
prostaglandins: and heart failure 454; and 

oxytocin 151
prostration 279, 738
protective clothing 4, 6, 9–10, 142
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protein- losing enteropathy 386, 475, 546
protein malabsorption 493
protein malnutrition 475
proteinuria: and fi lariasis 756; and HSP 

571; in IgA nephropathy 477; and lep-
tospirosis 647–8; measurement of 472; 
and nephrotic syndrome 475–6; and 
pre- eclampsia 136, 164, 201, 203; and 
SCD 174–5, 539; testing for 201; and 
yellow fever 729

Proteus 580
proteus urinary tract infections 479
prothionamide 670
prothrombin time (PT) 486, 491, 566, 

682, 686, 816
proton pump inhibitors 403, 564
protozoal infection 487, 686, 705, 733, 

747
provider paralysis 44, 55
proxymetacaine 589
pruritus: and cholestasis 491; and CLD 

490; and jaundice 381; and opioids 
83; and STIs 657

pseudo- paralysis 514
pseudo- seizures 507
pseudoephedrine 539
pseudomembranous colitis 552
pseudomembranous group 422
Pseudomonas: and cancer 580; colonisa-

tion of 350; neonatal infection with 355, 
358, 598; and otitis media 428

Pseudomonas aeruginosa: and burns 
809; and cystic fi brosis 444–5; in HIV 
704; water containing 798

psoriasis 572, 574, 642, 646, 657, 709
psoriatic arthritis 572
psychiatric emergencies 293
psychiatrists, traditional 105
psychological abuse 819–20
psychological damage 300, 503, 821
psychological support 89–90, 406, 573, 

579
psychopathic personality disorder 96
psychosis: and hypercalcaemia 407; and 

Lyme disease 649; and SLE 573
ptosis 815–16
PTSD (post- traumatic stress disorder) 

111–14, 121, 300, 509
pubertal development 501, 503, 874–5
puberty: and depression 506; precocious 

503, 824; see also delayed puberty
pubic hair 314, 503, 875
pudendal block 312, 327–8
puerperal infection 333
puerperal psychosis 292–5
puerperal sepsis: and Caesarean sec-

tion 314; and endometritis 220; and 
maternal death 156; in placenta removal 
326; preventing 221; and Streptococcus 
659; treatment of 221; and urinary cath-
eterisation 304

puerperium: anti- thrombosis during 176; 
iron supplementation during 174; severe 
infection in 219; shock in 172; uterus 
during 190

pulmonary aspiration 743
pulmonary atresia 447–9
pulmonary barotrauma 841
pulmonary capillary vasodilation 490
pulmonary contusion 780–1
pulmonary disease, and blood transfu-

sion 22
pulmonary embolectomy 224
pulmonary embolism 66, 223–6, 303–4; 

minimum standards for 223; signs and 
symptoms of 223

pulmonary embolus: and amniotic fl uid 
embolism 225–6; and dyspnoea 87; 
and puerperal sepsis 221; in resuscita-
tion 37, 42; and shock 459

pulmonary fi brosis 87
pulmonary fl ow murmur 451
pulmonary haemorrhage 362, 647–8, 

791
pulmonary hypertension: on echocardio-

gram 174; and mitral regurgitation 452; 
and NSAIDs 72; and rheumatic heart 
disease 254; and Salmonella 753; and 
upper airway obstruction 429–30

pulmonary hypoplasia 244, 339, 362, 
364–5

pulmonary irritation 807–8
pulmonary oedema: and amniotic fl uid 

embolism 225–6; and anaemia 383; 
and drowning 796–7; and eclampsia 
203; and envenomation 817; and fl uid 
resuscitation 464–5, 468, 549; and 
heart defects 252, 254, 452; and heart 
failure 455; and leptospirosis 647; and 
malaria 279–80, 283–4, 738, 743; 

and meningococcal disease 652; and 
naxolone 74; and overhydration 466; 
and poisoning 813; and pre- eclampsia 
201–2, 208; and septic shock 467; and 
severe hypertension 203; and spinal 
cord injury 407

pulmonary parenchymal disease 365
pulmonary sepsis 632
pulmonary stenosis 446, 448, 451
pulmonary tuberculosis: chemotherapy for 

667; and cystic fi brosis 443; features 
suggesting 668; global incidence of 
665; and HIV 703; and malnutrition 
524; and measles 720; in pregnancy 
288; treatment of 669

pulmonary valve stenosis 449
pulmonary vascular markings, increased 

448–9, 452, 454
pulse, slow 47, 186, 263, 266, 495
pulse oximeter: in anaesthesia 127; 

in emergency room 110; in high- 
dependency care 69

pulse oximetry: and assessment of res-
piratory failure 844; and asthma 255; 
in neonates 335, 362, 365–6; and 
oxygenation 58–9, 845; in pneumonia 
269; and tetanus 663

pulse rate: and heart failure 521–2; in 
labour 145, 147

pulse volume, weak 38, 158, 547
pulses, collapsing 255, 453
punctate keratitis 758
PUO (pyrexia of unknown origin) 391, 710
pupillary dilatation: and eye disorders 588; 

and head injury 780, 793; and menin-
gicoccal disease 650; and neurological 
disorders 267, 619; and poisoning 811, 
813; and uncal syndrome 266

pupillary function, changes in 267
pupillary responses: and coma 594–5; in 

emergencies 211; and red refl ex 400; 
and RICP 266

pupils: pinpoint 43, 84; unequal 389, 
793, 865

purpura: and chickenpox 680; and hae-
mophilia 544; and lymphadenopathy 
381; and shock 39, 42

purpuric rash 42, 171, 383, 468, 571
pushing positions 145
pVT (pulseless ventricular tachycardia) 

44, 61–5, 862
pyelonephritis: acute 286; and PPROM 

244; and shock 169; and VUR 480
pyloric stenosis 377, 384–6, 634–5, 812
pyoderma 625–6, 658, 660
pyogenic infections 625, 787
pyogenic meningitis 619
pyomyositis 620–1, 679, 697
pyrantel 173, 530, 750
pyrazinamide 287–8, 667, 669–71
pyrexia: and endocarditis 456; and iron 

dextran 173; and mastitis 222; and 
tonsillitis 426; see also fever

pyridoxine (vitamin B6) 251, 288, 376, 523
pyrimethamine 706, 708, 710, 745–7, 

851; see also SP
pyruvate kinase defi ciency 383, 539, 541
pyuria 647–8

Q fever 675–6
QBC (quantitative buffy coat) 655, 730
QT prolongation 740
quadriplegia 407–8, 614; spastic 403–4
Quiet Houses 120
quinine: as antimalarial 279–81, 739–40, 

746; in emergency room 110; fetal lev-
els of 284; and G6PD defi ciency 540; 
and hypoglycaemia 281–2

quinine dihydrochloride 281, 740
quinine sulphate 281
quinolones: and G6PD defi ciency 541; 

and otitis media 427; and typhoid 672
quinsy 427

rabies 605, 723–5; post- exposure treat-
ment for 725

rabies vaccine regimens 725
raccoon eyes 779
radial pulse: and organ perfusion 39; 

palpable 39, 775
radiant warmers 14, 347
radiation, from X- ray units 13
radiculoneuritis 649
radiological clearance 783–4
radiotherapy: for cancer 577, 579, 583–4, 

586; palliative 84–7, 89, 587
raised intracranial pressure (RICP): and 

coma 268, 593, 596; and CSE 611; and 
encephalitis 602–3, 605; and enveno-
mation 817; and headache 389; and 

hypopituitarism 504; and lead poisoning 
814; and lumbar puncture 865; and 
meningitis 598; and meningococcal dis-
ease 651–2; and morphine 72; nausea 
due to 86; pathophysiology of 265–6; 
and respiratory rates 36–7; and resus-
citation 41; signs and symptoms of 40, 
266–7, 595, 618–19; suspected 124, 
652, 740–1; in trauma 43, 777, 793–4; 
and vomiting 384

Ramstedt’s pyloromyotomy 635
range- of- motion exercises 409–10
ranitidine: in ALF 488; and anaesthesia 

124; and GOR 564; IV administration 
of 852; in meningitis 599; and nausea 
86; and oesophagitis 705

rape 302, 395, 821, 827
rapid initial assessment 30
rapid sequence induction of anaesthesia 

189, 199–200, 652
Rapid Syphilis Test 290, 355
Rapyd Leishman’s test 28
rashes: causes of 385; investigations in 

385; pruritic papular 709; in rheumatic 
disease 570–1, 574; in strongyloidia-
sis 759

rats, and VHFs 726
RDS (respiratory distress syndrome) 283, 

361–4, 677, 796, 845
RDTs (rapid diagnostic tests): and malaria 

28, 276, 278–80, 737–8, 746; and 
PUO 391

rebound tenderness 178, 182, 221, 
285, 304

recovery position 205, 216, 266: in airway 
opening 45; and febrile seizures 609; 
placing patient in 50, 51; in RICP 266

recovery room 15, 77
rectal artesunate 281, 736, 739
rectal biopsy 636, 753
rectal bleeding, and gastrointestinal emer-

gencies 43
rectal diazepam: and bleeding 88; and 

convulsions 742; and eclampsia 207; in 
emergency room 110; and epilepsy 608; 
and febrile seizures 609; and morphine 
toxicity 84; and seizures 41, 89

rectal examination: and constipation 559; 
explaining 30; and forceps birth 313; in 
trauma 779, 782

rectal morphine 83
rectal pain 158, 162, 178
rectal paraldehyde 41, 207, 373, 612
rectal prolapse: and cystic fi brosis 443; 

and diarrhoea 551; treatment of 552
rectal reduction 635
rectal route: absorption by 17; accept-

ability for children 83; and loss of oral 
route 90

rectovaginal fi stula 215
rectus sheath 221, 317, 484
red blood cells (RBC): and bilirubin 

366–7; in CSF 604; glomerular 869; 
and malaria 276, 285, 736–7, 743; 
on microscopy 286, 472, 868; perfu-
sion of 166; reduced lifespan of 539; 
separating from plasma 171, 253, 282; 
in stool 28; transfusion of 25, 39, 467; 
in urine 782

red cell antibodies 174, 369
red refl ex 400, 588
reduced consciousness: and airway 

obstruction 35; and hypoglycaemia 40
refl exology 86, 104
refl ux nephropathy 403, 475, 480
refractive error 592
refrigerators: care of 94; in high- 

dependency care 69; storage of drugs 
in 19

regressive behaviour 113, 115, 118
regurgitation, in neonates 349
rehydration 557; completion of 519; and 

diarrhoea 544–7, 549–50, 555; and 
fl uid overload 744–5; fl uids for 481, 
550; and gastroenteritis 16; inappropri-
ate 522; normal requirements for 882; 
and ORS 553–4, 557; and sodium levels 
271; and stroke 537

rejection, as child abuse 820
relaxation, progressive 86
renal disease: and magnesium 207; and 

pre- eclampsia 202
renal failure: and crude oil 106; and lep-

tospirosis 647–8; and malaria 738; and 
NSAIDs 73; oliguric 485, 488, 581; in 
palliative care 84; and paracetomol 812; 
polyuric 485; and pre- eclampsia 208; 
and UTIs 472; see also ARF; CRF

renal impairment 73–4, 84, 175, 204, 
208, 253, 287, 292, 358–9, 534, 550, 

677, 729, 735; and antivirals 292; and 
hypokalaemia 550; and opioids 74, 84; 
and paracetomol 73; in pre- eclampsia 
208; and SCD 175; and yellow fever 729

renal scarring 472, 474, 480
renal transplantation 486
renal tubular acidosis 560
renal tubular defects 539
renal ultrasound 286, 478
rescue breaths: in airway management 

35; in BLS 44–7; techniques for 48, 49
research ethics 102
reservoir bag 58: in emergency room 

109; in high- dependency care 69; in 
oxygenation 37–8, 60

ReSoMal: and diarrhoea 547, 550; and 
heart failure 522; and malnutrition 270, 
463–4, 519; and other ORS 519

respiratory acidosis 362, 434, 652
respiratory alkalosis 812
respiratory arrest: and amniotic fluid 

embolism 225; and electrical injuries 
795; and magnesium toxicity 207

respiratory depressants, overdose of 33
respiratory depression: and anticonvul-

sants 125, 207, 603, 794, 811; and 
magnesium toxicity 207; and opioids 
72, 83–4, 778; and sedation 77

respiratory disorders: distress due to 361; 
and HIV 666, 701

respiratory distress: causes of 390; and 
congenital syphilis 355; and CPAP 845; 
and cystic hygroma 632; and dengue 
684; and heart failure 522; in heart 
failure 252; and hypoglycaemia 373; 
intubation in 864; investigations in 390; 
and leptospirosis 647; in malaria 279, 
282–3, 738, 743–4; neonatal 361–5; 
and over- hydration 272; oxygen treat-
ment for 58; and poisoning 810; signs 
of 36–7; in trauma 780; in triage 32–3; 
see also ARDS; RDS

respiratory failure: and airway resistance 
61; and anthrax 678; assessment of 55, 
844; development of 131–2; and heat 
stroke 798; in infants and children 843; 
and leptospirosis 647

respiratory infections: fi ts and faints in 
387; in neonates 440; recurrent 566

respiratory paralysis 614, 722, 815
respiratory pattern, and coma 595
respiratory problems: and fever 437; and 

gastric refl ux 57; and pneunomia 269; 
in pregnancy 165–6

respiratory rate: of children 21; monitor-
ing of 20, 23, 25, 30, 377, 845; and 
oxygenation 772; at rest 36; and septi-
caemia 345, 352–4; see also increased 
respiratory rate

respiratory support: modes of 132, 844; 
and neonatal seizures 372–3; non- 
invasive 131, 431, 843

respiratory system: and circulatory fail-
ure 38; examining 30; and spinal cord 
injury 407

respiratory tuberculosis 666–7
responsiveness, assessing 45
restoration orientation 112
restraining children 837, 853, 856, 866
resuscitation: in anaphylaxis 426; and 

APH 186–8; Caesarean section in 52; 
in children 31, 66, 787; for disabled 
children 399; in DKA 262; in eclampsia 
205–6; in emergencies 34–6; exhaled 
air 46–7; preferred equipment for 129; 
in pulmonary embolism 224; in RICP 
266–7; and shock 38, 169–70, 177–9, 
464, 546–9; stopping 66, 342, 798; 
and triage 30–1; in uterine rupture 216

resuscitation equipment 34, 109, 122, 
327, 331

resuscitation trolley 55, 69
retained placenta: and placenta accreta 

199; and PPH 191, 197; preventing 
108; and shock 169

retained placental fragments 171, 198, 
221, 304, 316

retinal degeneration 400
retinal haemorrhages 43, 268, 593, 595, 

819, 823
retinal screening 174
retinitis, and cytomegalovirus 704, 710
retinitis pigmentosa 591
retinoblastoma: and eye disorders 591; 

incidence of 575; and red refl ex 400; 
treatment of 577, 585

retinopathy, proliferative 174
retinopathy of prematurity (ROP) 344, 591
retrieval service, in intensive care 68
retroperitoneal haemorrhage 784
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retropharyngeal abscess 422, 426, 
428–9, 658

Reye’s syndrome 593, 602, 640, 680, 
684

rhabdomyolysis 648, 815
rhabdomyosarcoma 577, 586
Rhesus incompatibility 138, 371
rheumatic arthritis 500, 570–2
rheumatic disease, in children 569
rheumatic fever: and AURI 436; diagnosis 

of 570; and heart failure 454; long- term 
consequences of 452; and rash 385; 
see also acute rheumatic fever

rheumatic heart disease: in pregnancy 
254; and shock 40; and Streptococcus 
659

rhinitis 258, 425, 432
Rhodesian trypanosomiasis 730
rib fractures 128, 772, 780–1, 790–1, 

819
ribavirin 542, 687, 726
ribofl avin 251, 513, 523
rickets: and cholestasis 491; and devel-

opmental delay 402; and short stature 
504; treatment of 514–15

rickettsia, distribution of 676
rickettsial infections 602, 648, 675–6
rickettsial pox 675–6
rickety rosary 491, 514
rifampicin: and anthrax 679; and 

ARVs 697; and Buruli ulcer 642; and 
cholestasis 493; and leprosy 646; and 
meningitis prophylaxis 601; and menin-
gococcal disease 653; and rickettsial 
disease 676–7; routes of administration 
851; and TB 287, 667, 669, 671

rifampin 287–8
Rift Valley fever 686, 726
RIG (rabies immunoglobulin) 723–5
right upper quadrant tenderness 203, 683
right ventricular strain pattern 224–5
rigors, febrile 609
Ringer- lactate solution: and blood trans-

fusion 23–5; in dehydration 272; and 
drug IVs 16–18; in emergency room 
110; in shock 16, 169–70; soaking 
dressings in 90

risperidone 295, 508, 510
ritonavir 698, 705, 716–17
ritual punishments 96
ritual sexual initation 397
ritualistic behaviour 403, 510
rizatriptan 618
road traffi c accidents 67, 770–1, 785–6
Rocky Mountain spotted fever (RMSF) 

675–6
rod- shaped bacteria 868–70, 868
rodents 647–8, 677, 726, 733
ROSC (return of spontaneous circula-

tion) 62–5
Ross procedure 255, 453
rotavirus 545, 551, 705
rotavirus vaccines 93, 95
roundworms 567, 636–7, 748, 750
routes of administration: abbreviations for 

17, 853; appropriate 86; and choos-
ing antibiotics 521, 598; of maternal 
drugs 334

RPR (rapid plasmin reagent) 290, 355–6, 
656

RSV (respiratory syncytial virus) 362, 
430, 701

rubella: and anaemia 530; and bilirubin 
levels 368; and encephalitis 602; in 
infants 354

rubella vaccine 95
Rubin’s manoeuvre 218
rupture of membranes: artifi cial see ARM; 

and breech delivery 241–2; and cervix 
stretching 150; and misoprostol 182–3; 
premature 159–60, 245, 331; and pro-
lapsed cord 32; see also PPROM

ruptured ectopic pregnancy 177; emer-
gency treatment of 179; surgical 
intervention for 169; in triage 32–3

ruptured uterus: and APH 186; and 
Caesarean section 314, 785; and fetal 
death 321; and herbal medicines 107; 
managing 153, 216; and obstructed 
labour 213–15; and oxytocin 151, 212; 
and PPH 191; risk factors for 215–16; 
symptoms and signs of 216; and trauma 
785–6; and urinary catheterisation 304; 
and vaginal bleeding 232

Rusch balloon 193
RUTF (ready- to- use therapeutic food) 

516–17, 522–3, 527, 558
RVH (right ventricular hypertrophy) 449, 

451–2
Rwanda, military rape in 827

saber shins 678
sadistic injuries 96
sadness 111–12, 115, 120, 506–7, 509
safer sex 273–5
sagittal suture 212, 312–13
salbutamol: and anaphylaxis 426; and 

asthma 432–3; in emergency room 
110; in high- dependency care 853; 
and hyperkalaemia 483; inhaled 42, 
255–8, 433, 435; and LIP 703; and 
suppurative lung disease 850; see also 
nebulised salbutamol

salicylate poisoning 267, 499, 812–13
salicylates: and coma 593, 596; in den-

gue 684
salicylic acid 646, 709
saline, soaking dressings in 90
saline drops 356, 720
saline fl ushes 18, 65
saliva: aspiration of 88; transmission of 

viruses by 6, 50
salivary glands, swelling 630–1, 721
Salmonella: and diarrhoea 551; non- 

typhoidal 674–5, 696; and SCD 535; 
and schistosomiasis 753

Salmonella paratyphi 621, 672
Salmonella typhi 28, 672–4, 674, 753
Salmonella typhimurium 486
salpingectomy 158, 179, 303–4
salpingitis 177, 590
salt, iodinisation of 397–8, 501
salt loss 471, 500, 502
Salter–Harris classifi cation 765–6, 769, 

784
sandbags: in emergency room 110; in 

resuscitation 36
sandfl ies 733
Sandifer–Sutcliffe syndrome 564
sanitary towels 221, 244, 825
sarcoglycans 616
sarcoidosis 386
Sarcoptes scabiei 625, 710
Sarnat’s clinical grading system 376
Save the Children 12
scabies 385, 625–6, 645, 710; topical 

treatment of 625
scalded skin syndrome 357, 385
scalds 807, 810, 819, 824
scalp abrasions 311
scalp drips 856
scalp ringworm 626–7
scalp vein needles 855, 861
scalp veins 354, 618, 854–6, 861
scarf sign 343–4
scarlet fever 658, 660
Schistosoma mansoni 28, 476, 478
schistosomiasis 752–4; and anaemia 

173; and blood in urine 201; clinical 
features of 753; geographical areas for 
752; and Salmonella 551; and typhoid 
672

schizophrenia 396, 508–9, 649
SCIWORA (spinal cord injury without 

radiological abnormality 783, 788–9
scoliosis 419, 613, 615–16, 624
scorpion sting 815, 817
scrotum, hypoplastic 629
scrub typhus 648, 675–7, 682
scurvy 383, 513–14
sea snakes 815
seat- belt injuries 782, 786
seated posture 590
second tumours 581
secondary assessment: of circulation 42; 

in emergencies 34, 41; of neurological 
failure 43

secondary bacterial infection: and bron-
chiolitis 430; and chickenpox 680; and 
eczema 627; and pneumonia 439; of 
scabies 625; in wounds 764

secondary PPH 191, 198
security: in education centres 11; in 

hospitals 3
sedation: clinical procedures requiring 

75; and fundoscopy 30; and head injury 
780; and life- saving procedures 836; 
minimum information for 77; for neo-
nates and infants 127; and psychiatric 
drugs 294–5; risk of respiratory prob-
lems from 77, 133

sedatives 78: dosage for children 77; 
storage of 19, 88

seizure diary 608
seizures: and brain sonography 14; and 

brain tumours 583; in coma 593, 595–
7; eclamptic 203, 205, 209; emergency 
management of 89; and encephalitis 
603; in encephalopathy 376; and HIV 
706, 708; and jitteriness 371; in neo-
nates 371–2, 375–7; and pertussis 

654; repeated 268, 596; and resuscita-
tion 40; and severe malaria 742

Seldinger technique 57, 776, 856–7
selenium 520, 522, 709
selenium sulphide shampoo 627, 646
self- determination 100
self- harm 101, 396, 505–6, 803, 821
self- infl ating bags 60: for anaesthesia 

129; in emergency room 109; in neona-
tal resuscitation 335, 338; and tracheal 
tubes 57; and ventilation 58

Senegal, FGC in 301
senior doctors 2, 68
senna 83, 87, 412, 559–60
sensory block 123
sensory impairments 70, 400, 415
sensory stimulation 6
sepsis: and anaesthesia 122; and anthrax 

678; and coma 593; dangerous 33; and 
dysentery 545; and exchange transfu-
sion 23; and fetal distress 232; and fever 
267; and intracranial abscesses 619; in 
labour 147; in neonates 350, 353; in 
obstructed labour 214; pathogens caus-
ing 220; and respiratory distress 365; 
and seizures 371; and spinal cord injury 
406; and Streptococcus 659

septic abortion 158, 169, 176–7, 179, 
183, 659

septic arthritis 570, 572, 621–2, 674, 
857

septic screen 486, 865
septic shock: and amniotic fl uid embolism 

226; and anaemia 531; and ARF 481; 
in children 466–9; and dexamethasone 
41; and endometritis 304; in infants 
354; and obstetric emergencies 43; 
physiology of 167–8; and PPH 198; in 
severe malnutrition 520–1; signs and 
symptoms of 176; and uterine perfora-
tion 182

septicaemia: antibiotics for 282, 551, 
580; and APH 186; and cannulation 
855, 858; and chickenpox 680; and 
diarrhoea 548; and jaundice 368; lum-
bar puncture in 650; and malaria 744; 
and malnutrition 521; and meningococ-
cal disease 650, 653; neonatal 352–4; 
and plague 679; and pressure sores 
415; and puerperal sepsis 221; and 
shock 39, 166, 171, 284, 463–4; and 
Streptococcus 659; and tetanus 661; 
and VAD 513

sequestration crisis 22, 536, 538
sequestrum 622
seroconversion rash 708
serological tests: and coeliac disease 

568; and HIV 524; and leptospirosis 
647; for syphilis 369; and TB 665; and 
typhoid 673

sertraline 293–4
serum alpha- fetoprotein 578, 587
serum bilirubin concentration 351, 353, 

488
severe acute malnutrition (SAM): antiret-

rovirals in 524; electrolyte problems in 
520; management of 518; and shock 
460; use of term 516

severe anaemia: and antibiotics 702; in 
children 383; and diarrhoea 548–9; 
emergency treatment of 523; and 
generalised oedema 388; haemoglo-
bin levels in 21, 173; and heart failure 
252–3, 453–5; and HIV 698; labour in 
174; and malaria 278, 280, 282, 399, 
738–9, 741–3; minimum standards 
for 172; and PPH 198; and respiratory 
distress 362, 365; respiratory rate in 
437; and SCD 534, 536; and shock 462, 
464–7; and sickle- cell disease 533; and 
spherocytosis 540; and transfusion 531; 
and trauma 196; treatment of 173

severe dehydration: in children 394; 
emergency treatment of 463, 520; 
and feeding 518–19; and intravenous 
rehydration 555; and pneumonia 440; 
and shock 460–1, 521; signs of 463

severe dengue see DHF
severe diarrhoea 459, 513, 534–5, 

548–9, 759, 882
severe headache, and scrub typhus 677
severe malaria 279–80, 282, 460, 736, 

738–45; minimum standards for hospi-
tal treatment 736

severe malnutrition: and bilirubin levels 
368; biochemical abnormalities in 516; 
and dehydration 518–20; and devel-
opmental delay 402; dietary treatment 
of 525–7; and heart failure 454, 466; 
and HIV 689; and hypoglycaemia 498; 

inpatient management of 517–18; and 
mental health problems 404; micronutri-
ent defi ciencies in 514, 522–3; and ORS 
548; recovery from 522, 527–9; and 
RUTFS 558; and shock 463–4, 466–7; 
and strongyloidiasis 759

severe pain, analgesia for 75
severe pneumonia: antibiotics for 557; 

chest X- ray for 596; diagnosis of 438; 
treatment of 439

severe respiratory distress: and ALRI 438, 
440; and bronchiolitis 430–1; and PCP 
701; and pertussis 654; and TB 668

sex work: children and adolescents in 
820–1; and drug abuse 508; enforced 
818, 827; and HIV 688; and traffi cking 
96, 826–7

sexual abuse: and anal lesions 560; dif-
ferential diagnosis of 822–3; forensic 
sampling for 825; and HIV 688; and 
mental health problems 505; and 
physical abuse 819; recognition of 96, 
821–2; and STIs 655–6, 688

sexual assaults 396, 821–2, 825; see 
also rape

sexual exploitation 395, 826
sexuality, for disabled youths 405, 409, 

415
SFP (Supplementary Food Programme) 

517
SGA (small for gestational age) infants 

342, 374
Shandling catheter 404
Sheehan’s syndrome 200
sheets, bloodstained 196
Shigella: antibiotics for 544; and HUS 478; 

investigations for 28; and persistent 
diarrhoea 556, 705

Shigella dysentery 551, 726–7
Shigella fl exneri 551
Shigella sonnei 551
shigellosis 550–1, 565, 609, 679, 727
shingles 291–2, 680, 689
shock: and blood transfusion 21; and burns 

806; and cardiac failure 40; causes of 
166; in children 787; and coma 593; 
and dengue 681–4; diagnostic pointers 
in 460; and diarrhoea 545–6; during 
pregnancy 166; emergency treatment 
for 42; and envenomation 815; and FGC 
300; fl uids in 16, 38–9, 168–9; and 
inverted uterus 248; and malaria 284, 
743–4; and malnutrition 517; man-
aging 459–62; and meningitis 598; 
and meningococcal disease 650–2; in 
neonates 341; non- cardiogenic path-
way of care 461; and NSAIDs 73; in 
obstructed labour 214; pathology of 
458; and peritonitis 305; and PPH 192; 
and pulmonary embolism 224–5; and 
severe malnutrition 520; signs of 37–8, 
458–9; stages 1–4 168–9; in trauma 
774–6; in triage 31–2

shockable cardiac rhythms 51, 62, 64, 
836

shoulder dystocia: all- fours position for 
219; and delayed labour 153; manage-
ment of 217–18; and nerve palsies 351; 
and prolonged pregnancy 150; risk fac-
tors for 217; and symphysiotomy 319; 
and transport 97

shoulder tip pain 162, 178
shunt blockage 619–20
shunt infections 620
SIADH (syndrome of inappropriate secre-

tion of ADH) 269, 376, 602–3
sickle- cell anaemia 23, 27, 174, 659
sickle- cell crises: acute painful 175, 

533–4, 536, 539; and anaemia 383; 
antibiotics in 535; fl uids in 534; and 
juvenile idiopathic arthritis 572; man-
agement of 534; postpartum 176; 
precipitants of 533; in pregnancy 
175–6; preventing 538

sickle- cell disease (SCD): and abdominal 
pain 383; and anaemia 21, 383; and 
blood transfusion 22–3; and Buruli ulcer 
642; in children 534; early testing for 
176; and jaundice 380; and malaria 
prophylaxis 746; minimum standards for 
172; neurological involvement in 536–
7; and osteomyelitis 621; pathogenesis 
of 532–3; and pregnancy 174–5; pres-
entations of 533; preventing infection in 
538; priapism in 538–9; and puerperal 
sepsis 221; and Salmonella 551; and 
shock 166; sleep apnoea in 387, 429

sickle- cell test 27
sickle solubility test 533
sighing respiration 167, 774
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sigmoidoscopy 562, 747
signs of life 37, 47
silver nitrate 633
silver sulphadiazine 808
Sims’ position 247
Sims’ speculum 181, 196
Simulium 757
single- dose nevirapine (sdNVP) 273, 

695
sinks, accessible 4, 7
sinus tachycardia 224, 455–6
sinusitis, and Streptococcus 658–9
SIOP (International Paediatric Oncology 

Society) 578, 585, 587–8
Sistrunk’s operation 632
sitting aids 419
skeletal traction 767–8
skilled birth attendants (SBAs) 139, 143, 

155, 190, 229, 275, 330
skin breakdown 303, 415
skin cleansing solution 110
skin colour: and breathing difficulties 

36–7; devices for assessing 367
skin diseases: bacterial 625; and corticos-

teroids 574; herbal remedies for 105; in 
HIV 708, 709

skin grafting 642, 653, 817
skin infections: and inter- osseous infusion 

861; neonatal 350, 352–3; organisms 
causing 658; and septicaemia 352

skin lesions: and leptospirosis 647; and 
yaws 678

skin nodules, migrating 754
skin perfusion, decreased 352
skin pinch, slow 138, 394, 549, 554
skin problems, and spinal cord injury 

412, 415
skin pustules 157, 352, 357
skin rashes, documenting 30
skin retraction time, prolonged 33, 545
skin tags 352, 657
skin temperature 347, 775
skin- to- skin contact: and hypothermia 

344, 349, 354, 797, 799; mother–child 
154, 156–7, 332

skin traction 767–8
skin turgor 271, 463, 470, 519, 547
skull fractures 794; basal 779, 864; 

depressed 779, 794; in infants 
351–2; and nasal intubation 131; and 
Streptococcus 659

SLE (systemic lupus erythematosus): and 
anaemia 383; and juvenile idiopathic 
arthritis 572; paediatric 573; and vas-
culitis 571

sleep, natural 76
sleep disturbance: and depression 506; 

and grief 112; in HIV 706; and Lyme 
disease 649; and respiratory distress 
390; and trypanosomiasis 730

slings 766
slit skin smears 28, 733
sloughs 642, 817
SMC (seasonal malaria chemoprevention) 

736, 746
smoking, in hospitals 6
snails 752, 754
snake bite 383, 815–17
sniffi ng morning air position 45–6, 130, 

839, 863
soap bubbles 837
SOAP format for notes 303
social centres 3
social skills 402, 404, 510
social support 112, 117, 292, 399, 576, 

808
social withdrawal 113, 508
sodium: dietary restriction of 253–4; 

excretion of 471; fractional excretion of 
(FE Na) 481–2; and heart failure 522; 
for neonates 347–8

sodium bicarbonate: and burns 796; in 
cardiac arrest 65; in cardiovascular col-
lapse 451; and CRF 485; and dengue 
684; and DKA 263; in emergency room 
110; and hyperkalaemia 483; and meta-
bolic acidosis 284, 652; and oedema 
177; in OT 14; in salicylate poisoning 
813; in septic shock 469

sodium chloride: in CRF 485; in infants 
362

sodium citrate 121, 123–4, 179, 314, 
559–60

sodium- containing fl uids 16
sodium defi cit, and diarrhoea 545
sodium docusate 83, 87
sodium fusidate 17, 456, 678–9, 851
sodium hydroxide 366, 812–13
sodium overload 483, 493, 852
sodium picosulphate 560

sodium retention 482, 516
sodium stibogluconate 734–5
sodium valproate: and epilepsy 606; and 

liver dysfunction 488, 493; as mood 
stabiliser 293; and nerve pain 84–5

soft suction catheters 109
soft- tissue sarcomas 90, 578–9, 586, 

631
softening laxatives 560–1
solvent abuse 814
Somalia, FGC in 299
somatoform disorders 507
Sonicaid 29, 143, 230, 247–8
sore throat: and anthrax 678; and polio-

myelitis 722; and syphilis 289; and 
tonsillitis 426; and VHFs 726–7

South Africa: cystic fi brosis in 443; health-
care worker salaries in 2; HIV in 688; 
hypocalcaemia in 514; medical ethics 
in 98; traditional medicine in 104, 107

South- East Asian tsunami of 2004 114, 
116, 120, 796

South Sudan: guinea worms in 755; mili-
tary rape in 827

SP (sulphadoxine/pyrimethamine) 277–9, 
739, 741, 745–6

spacer, home- made 432
sparfl oxacin, during pregnancy 287
spasticity: aids for children with 419; and 

cerebral malaria 741; and spinal cord 
injury 408, 410

special needs: facilities for children with 
418; use of term 397–8

speculum examination 183, 185, 244, 
785

speech, slurred 207, 499
spherocytosis 383, 539–40, 542
sphincter dysfunction 88–9
sphygmomanometer 110, 474
spider bite 815, 817
spina bifi da 323, 398, 402–3, 515
spinal anaesthesia: and APH 189; in 

Caesarean section 210; care after 305; 
and heart failure 253; obstetric 121–4

spinal blocks, high or total 123–4
spinal cord compression 86–9, 587
spinal cord injury: acute 406–7; learning 

to accept 408–9; and nutrition 407–8; 
and physical development 410–11; self- 
care in 411

spinal cord transection 166, 460
spinal injury: management of 783–4; in 

pregnancy 786; X- rays of 788–91
spinal muscular atrophy 574, 613, 616
spinal muscular atrophy 613
spinal shock 407–8, 413
spinal tuberculosis 622, 624
spine, in older children 789
spirit fl aming 15
spirituality 80
spironolactone 453, 455
splenectomy 538–42, 544, 659, 783
splenic injury 783
splenomegaly: and CLD 489; in haemo-

lytic anaemia 539–42, 540; and 
leishmaniasis 734; and leptospirosis 
647; and lymphadenopathy 381; and 
sickle- cell disease 22

splintage 70, 766–7, 766, 777, 801
split- skin grafts 794
sponge forceps 180–1, 325
spontaneous miscarriage 176, 179–80, 

182
sputum: carbonaceous 808; purulent 633
sputum induction 665, 668, 701
squints 401–2, 585, 589, 591–2
SSPE (subacute sclerosing panencepha-

litis) 605, 720
SSRIs (selective serotonin reuptake inhibi-

tors) 292–4, 507
stab wounds 367, 762, 764, 782
staff management 2
staff retention 2–3, 577
standing aids 419
standing board 411
Staphylococcus 679; antibiotics against 

219, 440; and mastitis 222–3; in neo-
natal sepsis 350, 353, 355; and septic 
shock 466, 468

Staphylococcus aureus: and burns 809; 
and cannulation 855; and chickenpox 
680; and croup 422–3; and cystic 
fi brosis 444–5; and eczema 627; and 
empyema 633; and endocarditis 456; 
and foreign body aspiration 435; and 
HIV 696, 701, 709; and impetigo 626; 
and measles 720; and neonatal sepsis 
350, 352, 357; and osteomyelitis 621; 
and parotitis 721; and pneumonia 269, 
436, 439–40; and pyomyositis 620; 

and retropharyngeal abscess 428; and 
septic arthritis 622; in shunt infections 
620; and skin infections 658; as STI 657

Staphylococcus epidermidis, in shunt 
infections 620

starvation, deliberate 96, 819
status epilepticus 203, 403, 593, 

610–12, 612, 813; see also CSE
steatorrhoea 383, 444, 479, 493, 566, 

568
sterile gloves: for burns 808; in childbirth 

142, 144; in forcept delivery 312; and 
intra- osseous infusion 860; and lumbar 
puncture 866; in placenta removal 197; 
in spinal anaesthesia 123; and uterine 
compression 192

sterile urine 869–70
sterilisation 6, 8–9, 14–15, 663
sterilisers 4, 16, 69
steroids: and adrenal crisis 500; antenatal 

245; as anti- emetic 580; and asthma 
257; and croup 423; and dyspnoea 
87; and emergency treatment 42, 110; 
and haemangiomas 632; and ingestion 
burns 803; and IRIS 700; and LIP 703; in 
palliative care 84–5, 89, 587; and rabies 
725; and septic shock 469; and typhoid 
674; see also oral steroids

stethoscope, as basic equipment 29
Stevens–Johnson syndrome (SJS) 385, 

699, 702, 709, 717, 731
stillbirths: defi nitions of 229; in adoles-

cent girls 395; in history taking 29; and 
malaria 276; and multiple pregnancy 
232; preventing 229; and prolonged 
labour 211; in SCD 175

Still’s murmur 451
stimulant laxatives 87, 559–61
STIs (sexually transmitted infection) 655–

7; and adolescents 395–6; and child 
abuse 821, 824–6; screening for 174

stolen medications 577
stomach: blood in 86; decompression of 

61; emptying 214
stomatitis 137, 383, 581, 719
stomatocytosis 383, 540
storage boxes 69
straight- blade laryngoscope 131, 838–9, 

842
street children 405, 507, 818
streptococcal disease 386, 658–9; anti-

biotic doses for 659
Streptococcus: and erythema nodo-

sum 386; on microscopy 868; other 
groups of 660; related conditions 660; 
and rheumatic fever 570; and septic 
shock 468; see also beta- haemolytic 
Streptococcus

Streptococcus agalactiae 597, 659
Streptococcus pneumoniae 659–60; and 

coma 268; and croup 422–3; and HIV 
701; immunisation against 599; and 
meningitis 597, 794; and otitis media 
427; and pneumonia 436; and septic 
shock 466; and tonsillitis 426

Streptococcus pyogenes 466, 658, 680, 
809

Streptococcus viridans 456
streptomycin: and Buruli ulcer 642; during 

pregnancy 287–8; and hearing loss 
288, 401; and plague 679; and TB 670

stress, ill treatment resulting from 96
stress response 168
stress ulcers 407
stridor: and anaphylaxis 258, 425–6; and 

cystic hygroma 632; during sleep 387; 
and inhalational injury 808; and laryn-
geal oedema 208; and measles 720; 
and respiratory diffi culty 36, 42; in triage 
31; and upper airway obstruction 422

stroke: and blood transfusion 22; and HIV 
706, 708; and SCD 533, 536–7

Strongyloides 748–9, 759–60
strongyloidiasis 748–50, 759
Stuart’s medium 28
stylets: in anaesthesia 122–4; and intu-

bation 57
sub- galeal haemorrhage 311
subacute haematogenous osteomyelitis 

621
subaponeurotic haemorrhage 351
subarachnoid haemorrhage 371, 536, 

707
subclavian vein 857; cannulation of 188, 

465, 776, 857–8
subconjunctival haemorrhage 653
subcostal recession 363–4, 390, 422
subcutaneous diamorphine 83
subcutaneous emphysema 719, 772, 

779, 843

subcutaneous heparin 223–5
subcutaneous infusion 72, 83, 87
subcutaneous injection 854: alternatives 

to 83; and anti- emetics 86; drugs avail-
able by 90; of growth hormone 504; of 
insulin 265, 496; of methotrexate 573; 
procedure for 853–4

subcutaneous morphine 82–3, 88
subcutaneous nodules 570, 659, 757–8
subdural effusion 599–600, 619
subdural haematoma 41, 389, 779, 

794
subglottic oedema 841
subglottic stenosis 422, 772
submersion injuries 796
subperiosteal haemorrhage 514
subphrenic abscess 633
substance abuse 504–8, 819–20
substernal pain 563, 734
sucking inability 376
sucrose, sublingual 354, 373
suction catheters 58, 69, 129
suction devices: in advanced life support 

55, 57; for anaesthesia 129; in CNEP 
847; in emergency room 109; in high- 
dependency care 69; in intubation 130, 
839; for neonates 331, 335

suction machine 14
Sudan, FGC in 299
SUFE (slipped upper femoral epiphysis) 

572, 624
suffocation 332, 814, 819, 823
sugar: on dummies 76; and hypoglycae-

mia 261; in ORS 272; and pressure 
sores 417; sublingual 41, 499–500, 
550

suggestions box 3
suicidal ideation 113, 293, 821
suicide: in adolescents 505; assisted 101; 

and grief 113; and postnatal depres-
sion 294

sulfadiazine 706, 708–9, 747; see also SP
sulfamethoxazole: and brucellosis 679; 

and otitis media 427; and PCP 701
sulphasalazine 562–3, 569, 573
sulphonamides 540–1
sulphuric acid 814
sumatriptan 618
sunken eyes, and dehydration 263, 271, 

394, 519
superior vena cava (SVC) obstruction 

87–8, 587
superior vena cava (SVC) syndrome 632
supine hypotensive syndrome 50, 123
supine posture 589
supplemental oxygen 354, 362–4, 781, 

808
support services, head of 2
support staff, in intensive care 68
suppositories: analgesic 74, 83; in bowel 

training 411; effectiveness of 17, 851; 
and hyperemesis 251; and spinal cord 
injury 407

suprapubic pressure 218, 244, 412
suramin 730–1
surface cultures 351, 353
surfactant defi ciency: and diabetes 351; 

and endotracheal intubation 339; mini-
mising risk of 330; in neonates 245–6, 
363; preventing 331; and respiratory 
distress 361–2

surfactant production 245, 334, 363
surgeons, traditional 105
surgical airway, in emergencies 35, 42
surgical airway packs 55
surgical cricothyroidotomy 58, 772, 

840–1
surgical debridement 305, 325
surgical emphysema 762, 780, 841, 850
surgical patients, monitoring 15
survival motor neuron (SMN) 613
sustained- release morphine 82
sutures, removal of 763
suxamethonium 35, 124–5, 127, 771
suxamethonium bromide 130
SVT (supraventricular tachycardia) 40, 

450–1, 453–4, 456–8) 457, 862
sweat test 390, 443–4
Sydenham chorea 659
symphysiotomy: alternative to destructive 

operations 324; in breech delivery 244; 
delivery by 239; and forceps delivery 
313; post- procedure care 320–1; and 
shoulder dystocia 219; site of incision 
319–20; technique of 319–20; and 
vacuum delivery 311

symptomatic relief 101, 114, 117–20, 
430

syncope 223, 606
syntometrine 154, 192, 210, 232, 255
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syphilis: and bilirubin levels 368; and 
Buruli ulcer 642; chancre of primary 
657; and encephalitis 602; and fetal 
deaths 228; and HIV 707; in infants 
354; and miscarriage 182; mother- to- 
child transmission of 289, 358; stages 
of 289–90; as STI 656–7, 826; and 
stillbirth 229; testing for 22, 138, 290, 
508; treatment of 290–1

syringe withdrawal technique 71
syringes: in emergency room 109; in 

intubation 130
systemic arthritis 572–3
systemic steroids 432–3

T- cell lymphoma 582–3
T waves 263–4
T2* imaging 174
TAC (tetracaine- adrenaline- cocaine) 71
tachyarrhythmias 108, 433, 455–6
tachycardia: defi nition of 37; and amino-

phyilline 433; and anaemia 383; and 
anthrax 678; and antihypertensives 
202–3; and beriberi 513; and cardiac 
failure 40; and croup 422; and dehy-
dration 138; and drowning 796; fetal 
231, 245; and heart failure 252, 454; 
and hypovolaemia 187; and intestinal 
obstruction 636; and intussusception 
635; and inverted uterus 250; in JHR 
655; and metabolic acidosis 284; 
neonatal 361–2, 366; and nifedipine 
245; and over- hydration 272; and pain 
69; and poisoning 811; and puerperal 
sepsis 221; and pulmonary contusion 
781; and RICP 618; and SCD 533; and 
shock 167, 192, 458–9, 466, 787; and 
thyrotoxicosis 501–2; and trauma 774; 
and tricyclic antidepressants 813; and 
trypanosomiasis 730; unexplained 223

tachypnoea: and acidosis 187, 192; and 
ACS 536; and circulatory failure 38; and 
heart failure 454; neonatal 352, 361, 
363, 366; and pain 69; and PPROM 
245; and pulmonary embolism 223–4; 
and respiratory distress 390; and SCD 
533; in shock 787

tafenoquine 739, 745
TALC (Teaching- aids At Low Cost) 11, 

131, 242, 416
talipes equinovarus 352, 623
Tanzania: child abuse in 821; FGC in 301; 

leprosy in 645
tapeworm 748, 750–1
taps, elbow- operated 7–8
TB (tuberculosis) 665–71; abscesses 

in 864–5; and asthma 431; and BLS 
50; and Buruli ulcer 642; diagnosis of 
286–7; DOTS for 288–9; and ectopic 
pregnancy 177; and erythema nodosum 
386; and HIV 275–6, 696–7, 703–4; 
immunisation against 93, 398; infants 
of mothers with 356; investigations for 
28; and IRIS 699; and lymphadenopa-
thy 381, 631; and measles 720; and 
nephrotic syndrome 476; and pleural 
effusion 441; and pneumonia 440; in 
pregnancy 287; protecting staff from 
5; and severe malnutrition 524, 528; 
smears for 27; and spinal cord injury 
406; and steroids 245

TBAs (traditional birth attendants): and 
domestic vioelnce 302; herbal remedies 
used by 107; in labour 143, 145; in 
neonatal care 330; use of term 105

TBRF (tick- borne relapsing fever) 654–5
TBSA (total body surface area) 805–6, 

808
TCD (Transcranial Doppler) 537
TDF (tenofovir) 274–5, 695, 698, 700
teicoplanin, and cancer treatment 580
temephos 759
tendon hammer 29, 418
tendon refl exes: increased 210; loss of 

207
tenesmus 561, 679
TENS (transcutaneous electrical nerve 

stimulation) 86
tension headache 389
tension pneumothorax: and bronchiolitis 

431; and cardiac arrest 63; emergency 
procedures for 37, 841; in neonates 
341, 364; and pericardial effusion 862; 
and shock 166, 459; signs of 36; in 
trauma 773, 776, 780–1, 791

tepid sponging 610, 684, 738, 741
teratogenicity 107, 174, 254, 287
teratoma 406, 577, 587
terbinafi ne 709
terbutaline 152, 232, 247–8, 250, 256

terminal care: and HIV 711; pain manage-
ment in 78; seizure management in 89

terminal haematuria 753
terminal restlessness 90
testes: torsion of 628–9, 658, 721; unde-

scended 333, 503, 628–30
testicular volume 875
testosterone 503, 629
tetanus 660–3; and Buruli ulcer 642; 

global reported cases of 660; neonatal 
375; and seizures 371; and traditional 
medicine 105, 107; and wounds 764

tetanus immunisation 104, 397–8, 723, 
763, 787, 799–800

tetanus immunoglobulin see HTIG
tetanus prophylaxis 662, 763, 787, 800, 

816
tetanus toxoid (TT) vaccine: in burns 809; 

and detonation injuries 799; and gun-
shot wounds 801; neonatal 95, 138, 
333; postnatal 157; prophylaxis with 
662–3; and sexual abuse 656; and 
trauma 763, 787

tetanus vaccines 93–4, 275, 663, 763, 
787, 809

tetany 509, 514, 542, 661
tetracycline: and cholera 551; and con-

junctivitis 356; and plague 679; and 
relapsing fever 655; resistance to 626; 
and rickettsial disease 676–7; and tra-
choma 664; and xerophthalmia 523

tetracycline ointment 358, 590, 720
Tetralogy of Fallot 446, 448–51
TF (trachomatous inflammation – fol-

licular) 663–5664
TGA (transposition of the great arteries) 

447–9, 447
Thailand: malaria in 736; RDTs in 278; 

sex traffi cking in 826
thalassaemia: and anaemia 383; and 

blood transfusion 21–2; and DSD 503; 
and jaundice 380; and juvenile idi-
opathic arthritis 572

thalidomide 705
theophylline 256, 357, 365–6, 432, 853
therapeutic occultism 105
thermometer: as basic equipment 29; in 

emergency room 110; for examination 
29; for infants 349

thiabendazole 748–50
thiacetazone 669, 703, 709
thiamine (vitamin B1) 251, 513; defi ciency 

see beriberi
thioguanine 582
thiopentone 124, 127, 130, 610–12
third- generation cephalosporins: and 

anaemia 468, 532; and conjunctivitis 
356; and meningitis 267, 352, 598; and 
peritonitis 637; and septicaemia 355; in 
sickle- cell crises 535; and typhoid 672

Thomas’ splint 767
thoracic aorta rupture 781
thoracic spine: injuries 790–1; X- rays 

of 790
thoracic trauma 780, 786
thoracocentesis 633, 780
threadworms 748–50
threatened miscarriage 162, 178–80
thrombocytopenia: and amniotic fluid 

embolism 225; and anaemia 383; and 
cancer 581; and chickenpox 680; and 
exchange transfusion 23; and folic 
acid 515; and haemophilia 543–4; 
and heparin 224; and HIV 694; and 
jaundice 368; and leptospirosis 647–8; 
and magnesium 207; and malaria 738; 
and measles 719; and mumps 721; 
and platelet transfusion 22; and rash 
385; and scrub typhus 677; and spinal 
anaesthesia 210; and trypanosomiasis 
732; and yellow fever 729

thromboembolic phenomena 63
thrombolytic therapy 224
thrombophilia 223
thromboprophylaxis: in Caesarean section 

314; in heart failure 253; in post- 
operative care 303

thrombosis, and spinal cord injury 411
thrush: antibiotics for 357–9; oral 433, 

688–90, 697, 720; see also candidiasis
thymic shadow, lack of 694
thyroglossal cysts 502, 630, 632
thyroid disorders 386, 498, 501
thyroid function tests 369, 400
thyroid hormones 515, 596
thyroiditis 502, 721
thyrotoxicosis 501–2
thyroxine 501–2
TI (trachomatous infl ammation – intense) 

663, 664

TIAs (transient ischaemic attacks) 536–7
TIBC (total iron binding capacity) 174, 566
tibial shaft fractures 768
TIBOLA (tick- borne lymphadenopathy) 

675
tick bites 593, 648–9
tick paralysis 615, 640
TIG (tetanus immune globulin) 662–3
tinea capitis 626–7
tissue hypoxia 168, 682, 784, 807
tissue necrosis: and adrenaline 70; and 

compartment syndrome 765; and inter- 
osseous infusion 860; and melarsoprol 
731; and puerperal sepsis 221; and 
snake bite 816; and wound infections 
221

tissue oedema 122, 571, 629
tissue perfusion 21, 38, 166–7, 284
TLS (tumour lysis syndrome) 577, 579, 

581
tobacco pickers 814
tobramycin 444, 809
tocolytics 232, 245, 373
toddler’s diarrhoea 380
Togo, FGC in 301
toileting, and paraplegia 408
toilets, in hospitals 4, 6–7
tongue depressor 56
tongue lacerations 764
tonsillectomy 427
tonsill it is: in children 426–7; and 

Streptococcus 658; and upper airway 
obstruction 422

tonsils, enlarged 387
topical antibiotics 357, 513, 590–1
topical azoles 657
topical corticosteroids 572, 574, 627
topical steroids: and conjunctivitis 590; 

and lichen sclerosis 822
torture 98, 103
total iron binding capacity (TIBC) 174, 566
total parenteral nutrition (TPN) 567, 581, 

852
touch, and sick children 393
tourniquet: pneumatic 802; in venous 

cannulation 854
tourniquet test 683
toxic epidermal necrolysis 385, 709
toxic megacolon 563
toxic shock syndrome 385, 659–60, 676
toxins, and haemolytic anaemia 542
Toxocara 749–50
toxoplasmosis 747; and bilirubin levels 

368; and co- trimoxazole 701; and 
encephalitis 706; and HIV 710

TPHA (Treponema pallidum haemaggluti-
nation assay) 290

trachea, blocked neonatal 337
tracheal deviation 390, 773, 779–80, 842
tracheal intubation: in children 787; 

chronic 363; for neonates 338; in neo-
nates 337

tracheal shift 41, 772
tracheal suction catheters 57, 58
tracheal tubes: in advanced life support 

55–7; in airway management 35; intro-
ducers and connectors 57; taping of 840

tracheo- oesophageal fi stula 365
tracheobronchial disruption 781
tracheobronchitis 719
tracheomalacia 845
tracheostomy: and burns 803, 809; and 

envenomation 817; in epiglottitis 424; 
and foreign bodies 423; in tetanus 662

trachoma 400, 588, 590, 663–5, 679
traction 767
traditional medicine 108: and cancer 576; 

causing fi ts 376; and FGC 298; and hos-
pital care 104–8; and malnutrition 517

traffi cking, human 96, 818, 826–7
TRALI (transfusion- related acute lung 

injury) 24–5
tranexamic acid: and bleeding 88; and 

menorrhagia 544; for obstetric haemor-
rhage 187, 195; and shock 170, 774

transfusion haemosiderosis 541
transient tachynopea of the newborn 339, 

361–4, 845
transport: checklist for 97; of critically ill 

patients 67, 97; safety rules for 97; for 
trauma patients 787–8

transtracheal insuffl ation 841
transverse and oblique lies 234, 241; and 

Caesarean section 229, 316, 318; and 
shoulder presentation 237; in twins 233

transverse myelitis 406, 605, 680
trauma: analgesia in 777; children 

affected by 509, 786–7; continuing 
care for 787; emergency radiography for 
788–9, 791; life- threatening 769–70; 

mitigating effects of 827; peri- operative 
care in 788; primary assessment and 
resuscitation in 770–2; secondary 
assessment and emergency treatment 
in 778–9; and shock 166, 171

traumatic experiences: and loss 115; and 
mourning 114

Treatment Action Campaign (TAC) 98
treatment chart, for family use 80
trench fever 675
Trendelenburg position 249
Treponema pallidum 289, 355, 656, 826
triage 30–3, 109, 279, 769; scale 31
triage nurses 29
triamcinolone hexacetonide 573
triceps skinfold thickness 493, 873
trichiasis 663–5
trichinosis 574, 750
trichloroacetic acid 657
trichloroethylene 129
Trichomonas 183, 657
Trichomonas vaginalis 656, 825–6
Trichophyton 626–7
triclabendazole, and liver fl ukes 754
tricuspid atresia 448–9
tricyclic antidepressants: for adolescents 

507; and nerve pain 84–5; overdose 
with 65–6, 812–13; for pregnant 
women 293

trimethoprim: and brucellosis 679; and 
otitis media 427; and PCP 701; and 
pneumonia 580; routes of administra-
tion 851; and UTIs 473; and VUR 480

trimethoprim/sulfamethoxazole 286, 
657, 672

trismus 427–8, 660–1
trolleys, cleaning 142
tropical pulmonary eosinophilia (TPE) 

756–7
tropical ulcer 626, 642
trumpet guide 327
trunk trauma 775
trust: of children 80, 117–18, 393; rela-

tionships of 396
Trypanosoma brucei sp. 28, 730–1
Trypanosoma cruzi 732
trypanosomiasis 27–8, 381, 730–2
TS (trachomatous scarring) 664
tsetse fl ies 730
TSH (thyroid-  stimulating hormone) 368–

9, 501–2, 506, 568
Tsutsugamushi disease 675
TT (trachomatous trichiasis) 664
tTG (tissue transglutaminase) 567–8
tubal abortion 177
tube feeding: and Guillain–Barré syn-

drome 614; and neonatal seizures 
375–6; in preterm infants 349

tube thoracostomy 633, 802
tubercular empyema 633
tubercular lymphadenitis 631
tuberculin skin test (TST) see Mantoux test
tuberculous meningitis: diagnosis of 

597; and fever 599; and HIV 703; and 
hydrocephalus 619; and measles 720; 
presentations of 667; suspicion of 668

tuberous sclerosis 510–11
tubing, cleaning 15
tumour necrosis factor alpha 563, 573, 

672, 743
tumour resection 584, 587
tunnel vision 758
Turk’s solution 27
Turner’s syndrome 503–4, 567
turpentine 812–13
twin delivery 143, 233, 235, 311
twin pregnancy 232–4, 244
twin- to- twin transfusion 21, 232, 340, 

371, 383
twinning 575–6, 578, 587
twins: conjoined 315; excluding possibility 

of 154; locked 234–5, 234
typhoid: algorithm for treatment 673; and 

gastroenteritis 271; pathogenesis of 
672; and rickettsial disease 676

typhoid fever 648, 671–4, 726; clinical 
features of 672

typhoid vaccine 93, 95, 711
typhus, louse- borne 675–6

Uganda: hospitals in 79; opiate use in 
82, 84

ulcerative colitis 380, 386, 561–3, 561–
2; drug dosages for 562

ultrasound equipment 13–14, 69
ultrasound examination: in antenatal care 

138, 175; and appendicitis 634; and 
ART 481; and cancer diagnosis 578, 
582, 587; and ectopic pregnancy 178; 
and empyema 633; for haematuria 478; 
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and intussusception 635; in labour 143; 
and malpresentation 241–2; in multiple 
pregnancy 232; and pleural effusion 
441; in PPROM 244; and trauma in 
pregnancy 785; for UTIs 472–3; and 
VUR 480

ultraviolet light 825
umbilical arterial catheter, malpositioned 

373
umbilical cord: antiseptic for 333; around 

neck 154; care for 350; compression 
231, 241, 246, 584; cutting 332; milk-
ing 360; snapped 340

umbilical cord accidents 228, 232, 383
umbilical cord clamping: early 154, 

189–90; and neonatal resuscitation 338
umbilical cord clamps, sterile 143, 335
umbilical cord prolapse 246–7, 247; and 

ARM 151; and breech presentation 
241–2; and fetal death 321; managing 
153; and manual rotation 238; pathway 
of care for 248; and PPROM 244; reliev-
ing pressure on 247; signs of 32

umbilical discharge 633
umbilical hernia 501, 633
umbilical infection 357, 375
umbilical stump: blood loss from 366, 

851; haemorrhage from 18; managing 
332; and tetanus 660; in traditional 
medicine 106

umbilical venous catheter (UVC) 858–9, 
859; and exchange transfusion 370; 
in neonatal resuscitation 335, 339; in 
septicaemia 354

umbilical vessel dilator 109
uncal syndrome 266
uncompensated shock 167, 168, 650
UNCRC (UN Convention on the Rights of 

the Child) 100, 301, 392, 398, 818
UNFPA 11, 299
unfractionated heparin 37, 42, 176, 211, 

223–5
UNICEF: publications of 12; website of 11
Universal Anaesthesia Machine 129
unnecessary intervenstions 392
upper abdominal pain 209, 382
upper airway endoscopy 429
upper airway maintenance, in neonates 

336
upper airway obstruction: and anaesthesia 

127; differential diagnosis of 422; emer-
gency treatment for 35, 42; and LIP 702; 
neck extension due to 40; and SCD 539; 
and sedation 77; sleep- related 429; and 
tetanus 662

upper gastroenterological disorders 563
upper gastrointestinal tract: bleeding from 

565; irritation of 86
upper motor neuron lesions 412, 415, 595
upper respiratory tract infection: and air-

way obstruction 422; and bronchiolitis 
431; and headache 389; and lymphad-
enopathy 631

uraemia 86, 483, 486
urea, concentrations of 471
urea breath test 564
Ureaplasma 657
urethra, congenital short 630
urethral catheterisation 306, 472
urethral discharge 657–8
urethral meatus, external 306, 782
urethral stones 482
urethral strictures 633, 782
urethritis 572, 657
urinalysis: in antenatal care 138; and 

miscarriage 182; and SCD 174–5
urinary catheter: in emergency room 110; 

and EmONC 306; inserting 413–14; 
measurements of 881

urinary catheterisation: and ARF 483–4; 
and blood transfusion 25; and burns 
804, 806; in Caesarean section 314; 
and dehydration 549; in forceps delivery 
312; and incontinents 89; and malaria 
744; in obstetric haemorrhage 189, 
192; in post- operative care 304; and 
pre- eclampsia 208–9; in resuscita-
tion 206; and spinal cord injury 89, 
412–14; in trauma 778–9, 782; and 
urinary retention 84

urinary incontinence 89, 244
urinary infections: investigations for 28–9; 

and pre- eclampsia 201
urinary output, in burns 805
urinary retention: and antidepressants 

294; and morphing 74; post- operative 
305; and spinal cord injury 406–7, 412

urinary tract, imaging techniques 472
urinary tract stones 478–9
urine: black 815; collection of 471; 

examination of 30; suprapubic aspira-
tion of 350–1, 353, 867

urine clinical chemistry tests 27
urine culture: and cystitis 286; in infants 

351
urine microscopy: and DKA 494; record-

ing results of 870; techniques for 472, 
868–70; and UTIs 473, 867

urine output: in anaesthesia 130; in APH 
189; and circulatory failure 38; and 
dehydration 394, 549; in DKA 496; 
and hypovolaemia 187; in labour 145, 
147; and malaria 283; in meningitis 
599; and meningococcal disease 652; 
in neonates 347; normal 787, 879; 
in post- operative care 303–4; pre- 
operative 126; in pyloric stenosis 635; 
and shock 171, 192, 459, 466, 787

urine stick tests: in dehydration 472; and 
diabetes 497; as essential equipment 
110; for haematuria 477; in labour 145; 
in pre- eclampsia 202; uses of 28

urticaria: and blood transfusion 24; and 
liver fl ukes 754; and shock 166; and 
strongyloidiasis 759

uterine contractions: assessing 149; and 
fetal hypoxia 230; herbal medicines for 
107; inadequate 212, 213; premature 
330; recording data on 146–7, 146; 
rubbing up 192

uterine curettage 174
uterine fi broids 197, 235, 241
uterine hyperstimulation 107, 151–3, 228
uterine incision 241, 244, 315–18, 315, 

317
uterine infection 151
uterine over- distention 191
uterine perforation 162–3, 181–2, 

197–8, 216
uterine repair 215–16
uterine rupture see ruptured uterus
uterine scars: and oxytocin 151, 319; 

rupture of 186, 215; vertical 314
uterine tamponade 193, 226
uterine tenderness 198, 227, 245, 786
uterotonic drugs: absence of 155; 

after delivery 154; in EmONC 306; 
in induction of labour 151; and PPH 
190, 192–3; prophylactic 189–90; in 
shock 169; traditional 107; and uterine 
rupture 186

uterus: digital exploration of 221; during 
puerperium 190; evacuating contents of 
180, 181, 198; exteriorisation of 316; 
infection of 304; manual displacement 
of 187; manual replacement of 248–9, 
249; opening 315; retroverted 137; 
suturing of 317; tone of 125

UTIs (urinary tract infections): and anae-
mia 383; diagnosis of 472–3, 867–70; 
and diarrhoea 557; and febrile seizures 
609; and FGC 300; and haematuria 
478; and hyperemesis 251; maternal 
659; and miscarriage 182; in neonates 
353–4; and poor weight gain 528; and 
PPROM 244; and SCD 174–5; and 
spinal cord injury 408, 411–15; and 
Streptococcus 659–60; surgical causes 
of 633; and toileting habits 395; treat-
ment of 473; and vomiting 384; and 
VUR 480

uveitis 107, 572, 647–8, 749
uveokeratitis 721

vaccines, storage of 94
vacuum aspirators 198, 306
vacuum delivery: complications of 311–

12; and episiotomy 153; failure of 310; 
and heart failure 253; indications for 
154, 307; and malpresentation 239; 
method of 308–10; placing cup in 308; 
shortening labour by 174

vacuum delivery kits 306
vacuum extractor 306–7, 320
vagal manoeuvres 40
vagal stimulation 56, 216, 316
vagina, tears in 156
vaginal antiseptic lotion 110
vaginal bleeding: after delivery 164; 

assessment and treatment of 186–8; 
and breech delivery 242; causes of 
185–6, 232; concealed 216; in early 
pregnancy 162–3; and ectopic preg-
nancy 178; in late pregnancy 163–4; 
and shock 166; and TB 286; and tri-
age 32

vaginal cells, in urine samples 867, 870
vaginal delivery: assisted 154, 306; 

breech 241–2; complicated 153, 324; 
in malpresentation 240; in multiple 

pregnancy 232, 234; in pre- eclampsia 
209; spontaneous 214, 238; of twins 
233

vaginal discharge: monitoring 244; and 
STIs 656; see also foul- smelling vaginal 
discharge

vaginal examination: in ARM 151; in cervix 
stretching 150; detecting face presenta-
tion 239; and ectopic pregnancy 178; 
and fetal descent 149; and fetal distress 
232; and gestational age 137; in labour 
143, 146–8; and placenta praevia 185; 
in PPROM 244; procedure for 241, 328; 
sepsis from unsterile 215, 219–20, 
321; and trauma in pregnancy 785; 
use of disinfectants in 144, 147–8, 150, 
221; and uterine rupture 186; when to 
avoid 163, 184–5, 244, 785

vaginal fi stulae 215
vaginal lesions 183, 185
vaginal secretions: infected 213; 

offensive- smelling 182
vaginal speculums, sterile 144
vaginal tears 196, 313, 318
vagus stimulation, in neonates 336
valacyclovir 708
Valsalva manoeuvre 456
vancomycin: and anthrax 679; and cancer 

treatment 580; and diarrhoea 705; and 
endocarditis 456; in infants 355; and 
peritonitis 484; in shunt infections 620; 
and Streptococcus 659

vancuronium 19
Varicella: in HIV 708; in infants 354; see 

also chickenpox
varicella pneumonia 291
varicella vaccine 93, 95, 681, 711
vasa praevia 151, 184, 186, 232, 340, 

366
vascular access, in trauma 775–6
vascular perforation 859
vasculitis: in children 571–2; and lepto-

spirosis 648; and rickettsial disease 675
vaso- occlusive crises 532–4, 539
vaso- vagal episodes 387
vasoactive drugs 851–2
vasoconstriction: and CRT 38; and hypoxia 

37; and pain 69
vasodilators, antihypertensives as 202, 

208
vasopressors 123, 210
VDRL (venereal disease research labora-

tory) 290, 355–6, 656
vegetables: contaminated 606; green 

416, 512–13, 515, 532, 550
vena cava, occlusion of 66
venepuncture 24, 335, 579, 854, 860
venesection 254
venom 542, 815–18
venous access: in chemotherapy 579; for 

obstetric haemorrhage 194
venous cannulation: and anaesthetic 75, 

126; and APH 185; central 856–8; and 
cut- down 858; in exchange transfu-
sion 23; and maintaining circulation 
62; peripheral 62, 83, 109–10, 854–6

venous catheters: complications with 859; 
inserting 62

venous cut- down 776, 856; surface land-
marks for 776

venous hum 451
venous thromboembolism 175, 251
venous thrombosis, and cannulation 

858
ventilation: in CPR 44, 48–9; depression 

of 72, 611; equipment for 58; and FBAO 
54; in Guillain–Barré syndrome 614; in 
hospitals 4; in shock resuscitation 170; 
spontaneous 127, 129, 131; in TRALI 
25; and transporting patients 67; and 
trauma 773; and yellow fever 729; see 
also mechanical ventilation

ventilation/perfusion mismatch 701–2
ventilators, sizes of 69
ventouse: application of 309; complica-

tions of 311; and inverted uterus 250; 
types of 307; varieties of 306; see also 
vacuum delivery

ventricular arrhythmias 455, 797
ventricular dilatation 599, 605
ventricular fi brillation 63; and CPR 52; 

and defi brillation 862–3; management 
of 62–5

ventricular tachycardia (VT) , 63; in chil-
dren 457; pulseless 862–3; and shock 
40; and tricyclic antidepressants 813

ventriculitis 599, 620
vermin 4
vernal conjunctivitis 590
vertebral injury 783

vertex, descent of 149
vertex presentations 235–9, 236, 238, 

312, 319
vesico- vaginal fi stula 215
VHFs (viral haemorrhagic fevers) 655, 

726–8
Vi- CPS vaccine 674
Vibrio cholerae 28, 545, 551
Vicryl 317–18, 324–5
Vietnam, typhoid vaccines in 674
vinblastine 577, 583
vincristine 576–7, 580, 582–3, 585–7
vipers 542, 815
viral infections: and bronchiectasis 442; in 

cancer treatment 580; and haemolytic 
anaemia 540; nosocomial 362; and SCD 
535–6; and stroke 537; and thrombo-
cytopenia 543

virilisation 500, 503
virological failure 699
virological testing 691–4
visceral larva migrans 749–50
vision, in neonatal examination 400
visual aids 401, 592
visual disturbance: and brain tumours 

583; and eclampsia 32, 136, 203
visual fi eld defects 389, 504, 619
visual impairment: and corneal scarring 

591; managing 400–1; and meninitis 
599

vital organs, perfusion of 39
vital signs: chart for children 891; monitor-

ing chart 888; normal values for 878
vitamin A: and cholestasis 491; dosage in 

preventive treatment 522; and measles 
709, 720–1; and neonatal infection 
346; for new mothers 156

vitamin A defi ciency (VAD): and diarrhoea 
556; doses for treatment of 513; eye 
signs of 517; in HIV 705; and visual 
impairment 400, 512, 523, 591; see 
also xeropthlamnia

vitamin A supplementation 513, 513, 
700–1, 713

vitamin B defi ciencies 513
vitamin B1 see thiamine
vitamin B2 see ribofl avin
vitamin B6 see pyridoxine
vitamin B12: and anaemia 485; defi ciency 

383, 508, 515, 530; malabsorption 
566; metabolism of 150

vitamin C: and anaemia 173, 532; and 
pressure sores 416; and UTI prevention 
415; see also scurvy

vitamin D: defi ciency 705; and lead poi-
soning 814; supplementation 346, 514, 
573; see also rickets

vitamin D2 444, 491, 515
vitamin D3 491, 514–15
vitamin defi ciencies: in HIV 705; and mal-

nutrition 454
vitamin E: and cholestasis 491; and cystic 

fi brosis 444
vitamin E defi ciency 705
vitamin K: analogues to 540; and 

cholestasis 491; and envenomation 
817; and hepatitis 686; and jaundice 
368; and liver failure 486, 488–90; in 
malaria 284; and NEC 377; for neonates 
332, 342, 346, 351; and rifampicin 288; 
and seizures 371

vitamin K defi ciency 486, 515, 705
vitamin K prophylaxis 21
vitamins, fat- soluble 442, 444, 489, 491, 

567, 756
vitiligo 503, 646
vivax malaria 276, 278, 285, 740, 746
VL (visceral leishmaniasis) 734–5
volatile agents: abuse of 508, 810, 814; in 

anaesthesia 124–5, 189, 200
volume replacement: and ARF 481; choice 

of fl uid for 168; CVP line in 188, 465; 
CVP linein 216; and furoseminde 476

volvulus: and diarrhoea 548; and intestinal 
obstruction 636; and shock 463–4; and 
vomiting 377

vomit, aspiration of 57, 216
vomiting: bile- stained 382, 464–5; in 

children 384; and cystic fi brosis 443; 
and gastrointestinal emergencies 43; 
investigations for 385; and leptospirosis 
647; and meningitis 269; and morphine 
administraiton 83–4; and poisoning 
811–12; recurrent 494, 595; severe 
377; and shock 166; and strongyloi-
diasis 759; in VHFs 727; and yellow 
fever 729

VSD (ventricular septal defect) 446–9, 
451–2, 454

vulsellum 234



918

Index

vulval abscess 300
vulval bleeding 185
vulval varices 185
vulvovaginitis 657, 822, 824
VUR (vesico- uteric refl ux) 472–3, 480, 

633
VVMs (vaccine vial monitors) 94
VZIG (Varicella zoster immunoglobulin) 

291–2, 680–1, 708
VZV (Varicella zoster virus) 93, 602, 

604–5, 680

walking aids 419
wall sockets 69
Wallace’s rule of nines 806, 807
war: hospitals targeted in 3; rape as 

weapon of 821, 827; targeting health-
care, xvi

warfarin 224, 455
warts: genital 657–8, 826; viral 709
waste disposal system 4, 8, 15, 728
water: boiling to sterilize 142; contami-

nated 107, 747, 754, 796, 798; cooling 
burns with 805; in emergency room 
110; unsafe storage of 769; see also 
drinking water

water losses, insensible 347
water purifi cation, domestic 674
water supply 4, 7–8, 474, 674, 695, 

754–5
waterbeds 416
watery diarrhoea: and cholera 551; 

classifi cation of 545; and malnutrition 
518–19; mortality of 544

Watson capsule 568

WBCT (whole blood clotting time) 171: 
and envenomation 816; and uterine 
rupture 216

weakness, sudden onset of 88
websites, and continuing medical educa-

tion 10–12
wedges 419
weight: estimating for children 263–4, 

463, 494, 878; estimating for fetus 
241–2; measuring 527, 872; monitor-
ing 872–3, 873; and surface area 893

weight charts 529, 872–4
weight- for- length 700, 871–2, 872, 874, 

894–5
weight gain: monitoring 872; poor 528
weight loss: and coeliac disease 568; 

and DKA 262; and liver flukes 754; 
and malabsorption 566; and TB 286; 
and thyrotoxicosis 502

Weil–Felix (WF) test 676–7
Weil’s disease 647
Westergren method 27
wheelchairs: alternatives to 419; building 

access for 405; for children 408–10; 
and pressure sores 416–17

wheeze: and anaphylaxis 425; and 
asthma 432; and breathing diffi culties 
36; in children 430

whipworms 530–1, 746, 748–50
WHIS- RAD (World Health Imaging System 

for Radiography) 13
white blood cells (WBC): and cystitis 286; 

equipment for counting 27; and lepto-
spirosis 648; and leukaemia 576; and 
meningitis 354–5, 597; on microscopy 

868; normal 879; and osteomyelitis 
621; and peritonitis 484; and PPROM 
245–6; and Streptococcus 659; in urine 
microscopy 867; and UTIs 473

white breath- holding 387
whiteboard 15
Whitfi eld’s ointment 627, 646
WHO (World Health Organization): educa-

tional materials of 11, 13; on healthcare 
staff 2; Safe Childbirth Checklist 140; 
Stop TB Strategy 289

Williams’ syndrome 511
Wilms’ tumour 478, 577–8, 585, 588
Wilson’s disease 493
Winterbottom’s sign 730
witchcraft 104–6, 819
withdrawing treatment 90–1, 101
WMA (World Medical Association) 98, 

101–3
Wolbachia 756–8
Woo test 28
Wood’s screw manoeuvre 217–19, 

219
woollen hat 349
World Health Organisation, postnatal care 

advice 156
worms: investigations for 748; larvae of 

749; parasitology of 748; prevention of 
infestation 275, 398

wound abscess 220–1, 304–5
Wound botulism 640–1
wound dehiscence 221, 314
wound infections 221, 634
wounds: tetanus prophylaxis after 763, 

787; use of term 762

WPW (Wolff–Parkinson–White) syndrome 
456

wrist fractures 769
Wuchereria bancrofti 755–6

X- rays 12; ABCD approach to interpret-
ing 788, 791; equipment for 12–13; 
in trauma 779

xanthomas 489–90
xerophthalmia: and coma 268, 597; man-

agement of 591; and measles 720–1; 
vitamin A treatment for 401, 523

Xpert MTB/RIF 669

Yankauer sucker 57, 109, 129–30, 210
yaws 626, 642, 677–8, 801
yellow fever 729; hepatitis- like presenta-

tion of 686; and liver failure 487
yellow fever vaccines 92–5, 710, 729
Yemen, FGC in 299
Yersinia 535, 538, 679, 705
yoghurt 524, 551–2, 557–8, 705

zidovudine (AZT): for children 656; in 
HIV- positive mothers 275, 695; and 
malaria 741, 745; and PMTCT 358, 
361; and TB 670

zidovudine prophylaxis 693
zinc defi ciency 515–16, 523, 542, 556, 

700
zinc oxide tape 335, 840
zinc supplementation: and dehydra-

tion 394, 553, 555; and diarrhoea 
544–6, 548, 551; and HIV 701, 705, 
713
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