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FOREWORD

The world moves at a frightening pace and sometimes I hear a view expressed that textbooks are a thing of the past. We
should be able to get all the information we need from the Internet and what is more, it is argued, it is more likely to be up-
to-date. I disagree. I think there is still a place for a well written, comprehensive textbook and I use the books on my shelves
most days. The reader can have confidence in the contents if they are familiar with the authors and editors and this is an
advantage that has to be set against the potential benefits of electronic information. Whilst the Internet is likely to be updated
in real time, there is very little peer review or filtering of the information placed on it and the reader can rarely be sure of
the provenance of the opinions expressed.

I am delighted that Krishna M Goel and Devendra K Gupta have produced the second edition of their marvellous
textbook Hutchison’s Paediatrics. This will be of great value to all those who use it, whether students, or those preparing for
professional examinations, or simply (like myself) keeping up-to-date or finding the answers to difficult clinical problems in
daily practice.

James Holmes Hutchison graduated at the University of Glasgow. He served in the Second World War rising to the
rank of Lieutenant Colonel and was awarded an Order of the British Empire in 1945. He returned to the Hospital for Sick
Children in Glasgow and subsequently became the Samson Gemmel Professor in Paediatrics. He was President of the Royal
College of Physicians and Surgeons of Glasgow, then became President of the British Paediatric Association and then served
as Dean of the Faculty of Medicine in Glasgow. Following his time in Glasgow, he was appointed Professor of Paediatrics
at the University of Hong Kong.

I hope you enjoy reading Hutchison’s Paediatrics in this new edition as much as I have.

o S

Professor Terence Stephenson

DM FRCP (Lon) FRCPCH

President

Royal College of Paediatrics and Child Health
University of Nottingham

Nottingham, UK






PREFACE TO THE SECOND EDITION

The patterns of childhood disease throughout the world are changing with advancing knowledge, altering standards of living,
lifestyle and rising levels of medical care. The origins of physical and mental health and disease lie predominantly in the early
development of the child. Most of the abnormalities affecting the health and behaviour of children are determined prenatally
or in the first few years of life by genetic and environmental factors. The authors have summarised the current knowledge of
causation and have indicated where health education and prevention might reduce the burden of childhood ill health.

The more diverse authorship of chapters in this second edition reflects the growing dependence upon cooperative interests
of colleagues in paediatrics. In clinical practice, such collaborative work can only be accomplished within a large hospital
or a unit devoted to children. Both editors have been fortunate to work in such an environment and believe that the highest
standards of paediatric practice can only be attained in such circumstances. In this, the second edition, we welcome ten new
contributors. In this book we seek to provide practical advice about the diagnosis, investigation and management of the full
spectrum of childhood disorders, both medical and surgical. We have tried to indicate, and where appropriate to describe,
techniques and laboratory investigations which are necessary for advanced diagnosis and up-to-date therapy. Attention is
directed to the special problems which arise in the developing countries. The need for such a text has been confirmed by the
success of the first edition, published in 2009. As is often the case, space limitation demands some selectivity of content. It
is intended in a true apprenticeship fashion of teaching to provide a manageable, readable and practical account of clinical
paediatrics for medical undergraduates, for postgraduates specialising in paediatrics and for general practitioners whose
daily work is concerned with care of children in health and sickness. Knowledge within the field of paediatrics continues to
increase exponentially. Accordingly, many chapters in this edition were completely revised, updated and extended with an
additional four chapters. Many figures illustrating salient concepts summarising clinical findings and treatment results have
been added.

We are especially grateful to the parents and to the many children and their families who contributed to our knowledge
and understanding of paediatrics and willingly gave permission to reproduce photographs of their children. A book such as
this cannot be written without reproducing material reported in the medical literature. We acknowledge here, with gratitude,
the permission granted free of charge by individual publishers to reproduce material for which they hold the copyright.

We particularly wish to thank the Hutchison family for allowing us to use the name of the late Professor James Holmes
Hutchison, the author of 'Practical Paediatric Problems' to enable us to title this book Hutchison's Paediatrics. Even today,
Hutchison's name is highly respected in the paediatric world.

Finally, we are grateful to the various contributors to this second edition for their cooperation in its production.

Krishna M Goel
Devendra K Gupta






PREFACE TO THE FIRST EDITION

The patterns of childhood disease throughout the world are changing with advancing knowledge, altering standards of living,
lifestyle and rising levels of medical care. The origins of physical and mental health and disease lie predominantly in the
early development of the child. Most of the abnormalities affecting the health and behaviour of children are determined
prenatally or in the first few years of life by genetic and environmental factors. The range of contributors indicates that they
are all experts in their particular fields. The authors have summarised the current knowledge of causation and have indicated
where health education and prevention might reduce the burden of childhood ill health. We seek in this book to provide
practical advice about the diagnosis, investigation and management of the full spectrum of childhood disorders, both medical
and surgical. We have tried to indicate and where appropriate to describe, techniques and laboratory investigations which
are necessary for advanced diagnosis and up-to-date therapy. Attention is directed to the special problems which arise in the
developing countries.

It is intended in a true apprenticeship fashion of pedagogy to provide a manageable, readable and practical account of
clinical paediatrics for medical undergraduates, for postgraduates specialising in paediatrics and for general practitioners
whose daily work is concerned with care of children in health and sickness. The authors had to be selective in deciding what
to exclude in order to keep the book manageable and practical.

We would like to express our immense gratitude to our colleagues who have provided us with help and advice in writing
this book. The willingness with which they gave us their time in spite of many other commitments leaves us permanently in
their debt.

We are especially grateful to the parents and to the many children and their families who contributed to our knowledge
and understanding of paediatrics and willingly gave permission to reproduce photographs of their children. Also a book such
as this cannot be written without reproducing material reported in the medical literature. We acknowledge here with gratitude
the permission granted free of charge by individual publishers to reproduce material for which they hold the copyright.

Our deepest thanks go to Professor Forrester Cockburn, Professor Dan Young and Professor Robert Carachi, who most
kindly passed on to us their rights of the book entitled ‘Children’s Medicine and Surgery’ from which some material has been
used.

We particularly wish to thank the Hutchison family for allowing us to use the name of the late Professor James Holmes
Hutchison, the author of ‘Practical Paediatric Problems’ to enable us to title this book Hutchison’s Paediatrics. Even today
Hutchison’s name is highly respected in the paediatric world.

Finally, we would like to express our thanks to Jean Hyslop, Medical Artist, who created the line drawings and art work
and helped to integrate the text with the illustrations.

Krishna M Goel
Devendra K Gupta
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Krishna M Goel, Robert Carachi

Paediatric History and

Examination

THE HISTORY

Semeiology

The study of symptoms.

Disease

“A condition in which, as a result of anatomical change or
physiological disturbance, there is a departure from the normal
state of health.” There is a lot of variation in normal people.

CLINICAL MANIFESTATIONS OF DISEASE
Symptoms

Something the patient feels or observes which is abnormal,
e.g. pain, vomiting, loss of function. A good history provides
a clue to the diagnosis in 80% of patients.

Signs

Physical or functional abnormalities elicited by examination,
e.g. tenderness on palpation, a swelling, a change in a reflex
picked up on physical examination. Always inspect, palpate,
percuss then auscultate.

The Patient

Why do patients go to the doctor?

e They are alarmed. They believe themselves to be ill and
are afraid
Relief of symptoms
Cure

® Prognosis.

The Doctor

e Helps to diagnose the disease

e Symptoms + signs — differential diagnosis — A
definitive diagnosis

e Acquired knowledge allows recognition + interpretation
+ reflection — therapy + prognosis.

How is Knowledge Acquired?

Reading: 10-20% retention
Taught by others: 10% retention, e.g. lectures, tutorials,
computer programs

e Personal experience:
teaching.

80% retention, e.g. bedside

A Description of the Disease

Knowledge of the causation (aetiology)
Pathological, anatomical and functional changes which
are present (morphology)

e Assembly of all the relevant facts concerning the past and
present history (symptoms)

e Full clinical examination and findings (signs)

e Simple laboratory tests, such as an examination of the
urine or blood and X-rays (investigations).

Prognosis

Depends on:
® Nature of the disease
e Severity
e Stage of the disease.

Statistical statements about prognosis can often be made,
e.g. the average expectation of life in chronic diseases or
the percentage mortality in the acute cases. These must be
applied with great caution to individual patients. Patients
expect this more and more with internet access. Often
information has to be interpreted. They may be testing your
knowledge and comparing it to other doctors or information
obtained.

Syndrome

A group of symptoms and/or signs which is commonly occur
together, e.g. Down’s syndrome and Beckwith-Wiedemann
syndrome (*).

* Oxford dysmorphology database



Warning!

When discussing medical matters in a patient's hearing,
certain words with disturbing associations should be
avoided. This is so, even if they are not relevant to the
particular individual.

HISTORY AND DOCUMENTATION

History of Present Condition
General Description

The taking of an accurate history is the most difficult
and the most important part of a consultation. It becomes
progressively simpler as the physician’s knowledge of
disease and experience increases, but it is never easy. As
far as possible the patients’ complaint list should be written
(in order of relevance), unaltered by leading questions,
but phrased in medical terms. When the patient’s own
phraseology is used, the words should be written in inverted
commas, e.g. “giddiness”, “wind”, “palpitation” and an
attempt should be made to find out precisely what they mean
to the patient.

Onset: The order of onset of symptoms is important. If there
is doubt about the date of onset of the disease, the patient
should be asked when he last felt quite well and why he first
consulted his doctor.

Therapy: Notes on any treatment already received and of its
effect, if any, must be made as it might alter disease states,
e.g. appendicitis masked by drug treatment for a urinary
tract infection (UTI).

Symptomatic Enquiry

After the patient has given a general description of his
illness, the system mainly involved will usually, but by
no means always, be obvious. The patient should then be
questioned about the main symptoms produced by diseases
of this system. This should be followed by enquiries directed
towards other systems. Remember different systems may
produce similar symptoms.

This systematic enquiry runs from the “head to the toes”
(32 questions). However, relevant questions are grouped
together under systems. Here are some examples.

Alimentary Tract Questions

Abdominal pain or discomfort (24): Site, character, e.g.
constant or colicky, radiation, relationships to food and
bowel actions. Shift in site.

Nausea and vomiting (15): Frequency and relationship to
food, etc. (positive vomiting), amount of vomitus, contents,
colour, blood (haematemesis), etc.
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Flatulence (16, 26): Eructation (belching) and passage of
flatus.

Bowels (25): Constipation (recent or long standing and
severity); diarrhoea (frequency and looseness of motions);
presence of blood and mucus in faeces; altered colour of
faeces—black from altered blood (melaena); clay coloured in
obstructive jaundice; bulky and fatty in steatorrhoea, piles.
Tenesmus painful sensation and urgent need to defecate
(Rectal pathology).

Appetite and loss of weight (17): Recent looseness of clothing.
Types of food in diet and amounts eaten.

Difficulty in swallowing (18a): Food hard or soft, fluids,
level at which food ”sticks”. Pain, regurgitation. Progression
from solid food to liquid.

Heartburn, acid eructations “and belching”.
Jaundice (17): Constant or fluctuating.

Note: Steatorrhoea: Bulky pale foul smelling and greasy

stools due to:

e Depressed fat digestion (pancreatic lipase and bile)

e Depressed fat absorption (small intestine mostly
jejunum).

Cardiovascular System Questions

Breathlessness (11): Dyspnoea on exertion [DOE (degree)],
dyspnoea at rest (DAR), time especially if wakes at night,
position, relieving factors, gradual or sudden onset,
change, duration [paroxysmal nocturnal dyspnoea (PND)],
precipitating factors, number of pillows used.

Pain in chest (19): Site on exertion or at rest, character,
radiation, duration, relief by drugs, etc. accompanying
sensations, e.g. breathlessness, vomiting, cold sweat, pallor,
frequency, other relieving factors.

Swelling of ankles (23): Time of day.

Swelling of abdomen (27): Tightness of trousers or skirt and
bloatedness.

Palpitation (20): Patient conscious of irregularity or
forcefulness of heart beat.

Dizziness and faints: Hypertension pain.

Pain in the legs on exertion (22): Intermittent claudication at
rest, or exertion and other vascular problems.

Coldness of feet (23): Raynaund’s phenomenon.

Dead fingers or toes (22): Pain, sensation, ulceration and
diabetes.
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Respiratory System Questions

Cough (12): Character, frequency, duration, causing pain
and timing. Productive.

Sputum (13): Quantity, colour (frothy, stringy and sticky
odour), colour when most profuse (during the day and the
year and the affect of posture (bronchiectasis) presence of
blood haemoptysis. Is the blood red or brown? Is it pure
blood or ‘specks’? e.g. acute or chronic bronchitis.

Breathlessness (11): On exertion or at rest. Expiratory
difficulty, precipitating factors, cough, fog, emotion, change
of environment and wheezing.

Pain in chest: Location, character, affected by respiration,
coughing, position (T pain) and weight loss.

Hoarseness (10): With or without pain (involvement of
recurrent laryngeal nerve) and other associated features, e.g.
neurological.

Throat (10): Soreness, tonsillitis, ulcers, infection.
Nasal discharge or obstruction (7):
Bleeding from nose (8): Epistaxis.

Sweating (14): Day or night, associated symptoms and
amounts.

Wheezing (12): Asthma, chest infection, relieving factor,
chronic obstructive pulmonary disease (COPD)

Smoking.

Central Nervous System Questions

Loss of consciousness (1): Sudden, warning, injuries, passage
of urine, duration and after effects. Precipitating factor and
witnesses?

Mental state (3): Memory, independent opinion of relative or
friend sought. Orientation.

Headache (2): Character, site, duration, associated symptoms,
e.g. vomiting, aura and timing.

Weakness or paralysis of limbs or any muscles (21): Sudden,
gradual or progressive onset, duration and visual disturbance.

Numbness or ‘pins and needles’ in limbs or elsewhere (22):
Paraesthesia, back pain, diabetes.

Giddiness or staggering (5): True vertigo, clumsiness,
staggering and ataxia.

Visual disturbance (4): Seeing double (diplopia) dimness, zig
zag figures (fortification spectra).

Deafness or tinnitus (6): Discharge from ears, pain and
hearing loss.
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Speech disturbance (9): Duration, onset, nature. Problems in
reading or understanding.

Genitourinary System Questions

Micturition (29): Frequency during day and night, retention,
dribbling, and amount of urine passed. Pain on micturition
(dysuria). Stress incontinence, urgency incontinence.

Urine (30): Colour and amount—smell, blood, colour, frothy.

Lumbar pain (28): Radiation, history of trauma and
mechanical.

Swelling of face or limbs (23): Presence on rising, drugs,
improve with movement and pain.

Menstruation (31): Age of onset (menarche) and age of
cessation (menopause). Regularity, duration, amount of
loss and pain (dysmenorrhoea). Inter-menstrual discharge—
character, blood or otherwise. Vaginal discharge, quantity,
colour (normally clear), smell and irritation. Any hormone
replacement therapy (HRT) and child bearing age.

Periods: Time of menopause

Post-menopausal bleeding

Last normal menstrual period (LNMP)

Menstrual cycle; number of days or interval, e.g. 4/28
Regular or irregular

Interval longest or shortest, e.g. 21-49

Increase or decrease in flow.

Locomotor System Questions

Swelling: One joint or multiple joints.
e Pain—back (22)
e When worse during day. Effects of exercise, lifting, etc.

Stiffness.: Effect of exercise.

Previous bone or joint injury: Pain in joints. Where pain is
worse in the morning or later during day or night. Whether
it radiates from one joint to another.

Skin Questions

Occupation (32): Exposure to irritants and drugs.

Rashes: Type, situation, duration, any treatment, painful and
itching (psoriasis).

Past history:

e Diabetes

e Hypertension

e Rheumatic fever
e Heart disease

[ ]

Cystic fibrosis (CF)
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® Spina bifida
e Other illnesses.

Illnesses, operations, injuries. Routine X-ray exami-
nations. In female—obstetrical history: (1) number of
deliveries and abortions, e.g. 3 + 1; (2) type of delivery,
spontaneous vertex delivery (SVD), forceps, caesarean; (3)
complication of puerperium or pregnancy.

Family History

Married, number and health of children, health of partners,
any illnesses in parents, grandparents, brothers, sisters,
longevity or short lives, any illnesses similar to patients.

Drug History

e Social and personal history
e Qccupation.

INTRODUCTION

At all times the doctor must show genuine concern and interest
when speaking with parents. The parents and the child must
feel that the doctor has the time, interest and competence
to help them. A physician who greets the child by name
irrespective of age will convey an attitude of concern and
interest. Parents tell us about the child’s signs and symptoms
although children contribute more as they grow older.

The doctor-patient relationship gradually develops during
history-taking and physical examination. Considerable tact
and discretion are required when taking the history especially
in the presence of the child: questioning on sensitive subjects
should best be reserved for a time when the parents can be
interviewed alone. It may therefore be necessary to separate
the parent and the child-patient when taking the history
especially when the problems are related to behaviour,
school difficulties and socioeconomic disturbances in the
home environment.

The medical student having been instructed in the
history-taking and physical examination of adults needs to
appreciate the modifications necessary when dealing with the
child-patient. A basic template for history-taking is useful
and serves as a reminder of the ground to be covered (Table
1.1). Initially the medical student may be confused because
of the need to obtain information from someone other than
the patient, usually the mother. Useful information may be
obtained by observing the infant and young child during
the history-taking. The older child should be given an
opportunity to talk, to present their symptoms and to tell how
they interfere with school and play activities.

The simple act of offering a toy, picture book or pen-
torch is often an effective step toward establishing rapport.
Rigid adherence to routine is both unnecessary and counter-
productive. A lot may be learned of the family constellation

Hutchison's Paediatrics D

Table 1.1: History-taking—The paediatric patient

» Presenting problem

» History of the presenting problem
» Previous history

* Pregnancy and delivery

* Neonatal period and infancy
» Subsequent development

» Other disorders or diseases

* Dietary

* Immunisation

* Family history

» Parents

» Siblings

» Others

» Draw a family tree if indicated

and the parent-child relationship by simply observing the
parent(s) and child during the history-taking and physical
examination. Therefore watching, listening and talking are
of paramount importance in paediatric practice and are
invaluable in arriving at a working diagnosis.

m  Useful information may be obtained by observing the infant
and young child during the history-taking. J

HISTORY OF PRESENT COMPLAINT

Even before language develops in the infant (Latin—without
speech) parents can detect altered behaviour and observe
abnormal physical signs. It is sensible to commence with
the history of the presenting observations because that is
what the parents have come to talk about. In the newborn
infant the history from the attending nurse and medical staff
is important.

Every endeavour should be made to ask appropriate
questions and discuss relevant points in the history in order
to identify the nature of the child’s problems and come to
a tentative diagnosis. Ask what the child is called at home
and address the child with this name since otherwise he/she
may be less forthcoming. Let the parents give the history
in their own way and then ask specific questions. Ask,
how severe are the symptoms; have the symptoms changed
during the past days, weeks or months; has there been any
change recently in the child’s appetite, energy or activities;
has the child been absent from school; has anyone who
cares for the child been ill; has the child been thriving or
losing weight; what change in behaviour has there been;
has there been a change in appetite, in micturition or bowel
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habits. An articulate older child can describe feelings and
symptoms more accurately, as the child’s memory for the
time and sequence of events may be more precise, than the
parents.

Establishing rapport

m  The paediatrician should start the interview by welcoming and
establishing rapport with the parent(s) and the child. Always
refer to the infant or child by name rather than by “him”, “her”
or “the baby”. Also ask children about their clothes, siblings’
name, friends’ name, their toys, what book, games or TV
programers they enjoy. Thus spending sometime at the start of
the interview would put both the child and the parents at easeJ

PAST MEDICAL HISTORY

The past history is the documentation of significant events
which have happened in the child’s life, and which may be
of relevance in coming to a diagnosis. Therefore the doctor
should try to obtain relevant information concerning the past
from the family and any other sources that are available.
It is useful, if the events are recorded in the sequence of
their occurrence. A careful history should contain details
of pregnancy, delivery, neonatal period, early feeding, the
child’s achievement of developmental milestones and details
of admissions to hospital, with date, place and reason for
admission. A complete list of current medication including
vitamins and other supplements should be obtained. An
enquiry should be made of any drug or other sensitivity
which should always be prominently recorded. Details of
immunisation and all previous infectious diseases should be
elicited.

m  Dietary history is of vital importance in paediatric history-
taking especially if the child is neither thriving nor has
vomiting, diarrhoea, constipation or anaemia.

MOTHER’S PREGNANCY, LABOUR, DELIVERY
AND THE NEONATAL PERIOD

The younger the child, the more important is the information
about the period of intrauterine life. The history of
pregnancy includes obstetric complications during the
pregnancy; history of illness, infection or injury and social
habits, e.g. smoking of the mother are important. Drug or
alcohol ingestion and poor diet during pregnancy may have
an adverse effect on the foetus and lead to problems. The
estimated length of gestation and the birth weight of the baby
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should be recorded. Details of any intrapartum or perinatal
problems should be recorded.

DIETARY HISTORY

The duration of breastfeeding should be recorded or the type
of artificial feed and any weaning problems. The dietary
history can be of major importance in paediatric history-
taking. If the patient is neither thriving nor has vomiting,
diarrhoea, constipation or anaemia then the physician must
obtain a detailed dietary history. The dietary history should
not only include solid foods, but also the consumption of
liquid foods and any other supplements, such as vitamins. In
this way the quality of the diet and the quantity of nutrients
can be assessed and compared to the recommended intake.
Any discrepancy between the actual and recommended intake
may have a possible bearing on the diagnosis.

DEVELOPMENTAL HISTORY

Inquiries about the age at which major developmental
milestones in infancy and early childhood were achieved
are necessary when faced with an infant or child who is
suspected of developmental delay. On the other hand the
child who is doing well at school and whose physical and
social activities are normal, less emphasis on the minutiae
of development is needed. Some parents are vague about the
time of developmental achievements unless, very recently
acquired, but many have clear recall of the important events
such as smiling, sitting and walking independently. It can be
helpful to enquire whether this child’s development paralleled
that of other children.

FAMILY AND SOCIAL HISTORY

The health and educational progress of a child is directly
related to the home and the environment. Medical, financial
and social stresses within the family sometimes have a direct
or indirect bearing on the child’s presenting problem. It is,
therefore, essential to know about the housing conditions and
some information of parental income and working hours, as
well as the child’s performance in school and adjustment to
playmates.

The family history should be thoroughly evaluated.
The age and health of the close relatives are important to
record. Height and weight of parents and siblings may be of
help especially when dealing with children of short stature,
obesity, failure to thrive, or the infant with an enlarged head.
Consanguinity is common in some cultures and offspring
of consanguineous marriages have an increased chance of
receiving the same recessive gene from each parent and thus
developing a genetically determined disease. Therefore, it is
important to draw a family tree and to identify children at
high-risk of genetic disease, and to make appropriate referrals.
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m A history of recent travel abroad, particularly in tropical areas,
is important as the child may have a disorder uncommon in
his/her own country, but having been contracted in another
country where disease may be endemic.

PHYSICAL EXAMINATION

The physical examination of the paediatric patient requires
a careful and gentle approach. It should be carried out in
an appropriate environment with a selection of books or
toys around, which can be used to allay the apprehension
and anxiety of the child. More can be learned by careful
inspection than by any other single examination method. The
baby should be examined in a warm environment in good
light. Nappies must be removed to examine the baby fully.
The doctor must look first at the baby as a whole noting
especially the colour, posture and movements. Proceed to a
more detailed examination starting at the head and working
down to the feet “Top to Toe”.

It is important to realise that the child may be apprehensive
with a stranger, especially when faced with the unfamiliar
surroundings of a surgery or hospital outpatient department.
It is essential that the doctor be truthful with the child
regarding what is going to be done. The child should never
be made to face sudden unexpected manoeuvres and should
be allowed to play with objects such as the stethoscope. It
may be useful to let him or her examine a toy animal or doll
to facilitate gaining confidence. Infants and young children
are often best examined on the mother’s lap where they feel
more secure. The doctor should ensure that his hands and
instruments used to examine the child are suitably warmed.
It is not always mandatory to remove all the child’s clothes,
although it is often essential in the examination of the acutely
ill child. Procedures, which may produce discomfort, such as
examination of the throat, ears or rectal examination should
be left until towards the end of the examination. The order of
the examination may be varied to suit the particular child’s
needs. Awareness of the normal variations at different ages
is important.

A thorough physical examination is a powerful
therapeutic tool especially if the problem is one primarily
of inappropriate parental anxiety. Understandably parents
do not usually accept reassurance, if the doctor has not
examined the child properly. Examination of the infant or
child is often preceded by recording the patient’s height,
weight and head circumference on the growth chart. This
may have been done by a nurse before the doctor sees the
family. These measurements are plotted on graphs or charts,
which indicate the percentiles or standard deviations at the
various ages throughout childhood. If these measurements
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are outwith the 3rd to 97th centile for children of that sex and
age further study is indicated. If previous records of height,
weight or head circumference are available for comparison
with the current measurements this may provide considerable
help towards diagnosis and management. Inquiry of parental
height, weight or head size may also be important, e.g.
familial macrocephaly or constitutional short stature.

m  Allow the child-patient to see and touch the stethoscope,
auriscope, ophthalmoscope and other tools, which are going
to be used during examination. Ask the child, which ear or
which part of the body the child would like to be examined
first. It is vital to use the reassuring voice throughout the
examination of the child.

General Inspection

The general appearance of the child may suggest a
particular syndrome. Does the child look like the
rest of the family? The facies may be characteristic in
Down’s syndrome and other chromosomal disorders
or in mucopolysaccharidoses. Peculiar odours from an
infant may provide a clue to diagnosis of aminoacidurias,
such as maple syrup disease (maple syrup like odour),
phenylketonuria (mousy odour), or trimethylaminuria
(fishy odour). A more detailed examination should then
be performed. The most valuable of the doctor’s senses
are his eyes as more can be learned by careful inspection
and also on watching the patient’s reactions than any other
single procedure.

Colour

Should be pink with the exception of the periphery, which
may be slightly blue. Congenital heart disease is only
suggested if the baby has central cyanosis. A pale baby may
be anaemic or ill and requires careful investigation to find
the cause. A blue baby may have either a cardiac anomaly
or respiratory problems and rarely methaemoglobinaemia.

Central cyanosis

m  Central cyanosis in a child of any age should always raise
the possibility of congenital heart disease. Ideally, the best
areas to look for central cyanosis are the tongue and buccal
mucosa, not the limbs and the nails.

Posture and Movements

A term baby lies supine for the first day or two and has
vigorous, often asymmetric movements of all limbs. In
contrast a sick baby adopts the frog position with legs
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abducted, externally rotated and is inactive. Older infants
and children should be observed for abnormal movements,
posture and gait.

m  Always leave the most upsetting parts of the examination until
the end, such as inspection of the throat or taking the blood
pressure.

m  |f epiglottitis is a possibility do not examine the throat because
obstruction may be precipitated

Skin

The skin is a major body organ which, because of the
larger surface area in relationship to weight, of the young
means that the skin is relatively more important in the
immature. It forms a barrier against environmental attack
and its structure and function reflects the general health of
the child, i.e. in states of malnutrition and dehydration.
The presence of any skin rash, its colour and whether there
are present macules, papules, vesicles, bullae, petechiae
or pustules should be recorded (Table 1.2). The skin
texture, elasticity, tone and subcutaneous thickness should
be assessed by picking up the skin between the fingers.
Pigmented naevi, strawberry naevi, haemangiomata or
lymphangiomata may be present and may vary in size and
number. They may be absent or small at birth and grow in
subsequent days or weeks.

Port-wine stain

m  Unilateral port- wine stain over the distribution of the ophthalmic
division of the trigeminal nerve is usually a manifestation of
Sturge-Weber syndrome. It may be associated with seizures,
glaucoma, hemiparesis and mental retardation. 4

Anterior fontanelle

Coronal suture

Sagittal suture

Posterior fontanelle
Lambdoid suture

Fig. 1.1: Top of head anterior fontanelle and cranial sutures

Head

The head should be inspected for size, shape and symmetry.
Measurement of the head circumference [occipitofrontal
circumference (OFC)] with a non-elastic tape by placing
it to encircle the head just above the eyebrows around
maximum protuberance of the occipital bone should be
performed and charted. In the infant the skull should be
palpated to determine the size and tension in the fontanelles
and assess the skull sutures (Fig. 1.1). Premature fusion of
sutures suggests craniostenosis. In the neonate the posterior
fontanelle may be very small and subsequently closes by
3 months of age, but the anterior fontanelle is larger, only
closing at around 18 months. A tense and bulging fontanelle
suggests raised intracranial pressure and a deeply sunken one
suggests dehydration.

Large fontanelles, separation of sutures, delayed closure
of the fontanelles may be associated with raised intracranial

Table 1.2: Dermatological terminology

Terminology Definition

Macule Area of discoloration, any size, not raised-flat with skin

Papule Small raised lesion (< 5 mm)

Petechiae Haemorrhage in skin, non-blanching (< 1 mm)

Purpura Haemorrhage in skin, non-blanching (2—10 mm in diameter)

Ecchymoses Large bruise, non-blanching

Vesicle Small blister, elevated, fluid-filled (< 5 mm)

Bullae Large blister, elevated, fluid-filled (> 5 mm)

Weal Elevation in skin, due to acute oedema in dermis, surrounding erythematous macule
Pustule Elevated, pus-filled

Lichenification

Thickened skin, normal lines in skin more apparent



Fig. 1.2: Method of restraining a child for examination of the ear

pressure or other systemic disorders, such as hypothyroidism
and rickets.

Occipitofrontal circumference

m  An abnormally “large head” (more than 97th centile or 2
SD above the mean) is due to macrocephaly, which may
be due to hydrocephalus, subdural haematoma or inherited
syndromes. Familial macrocephaly (autosomal dominant) is a
benign familial condition with normal brain growth.

Ears

Position and configuration of the ears should be observed.
Whilst abnormalities, such as low setting of the ears is
frequently associated with renal tract anomalies absence
of an ear or non-development of the auricle will require
early referral to an otolaryngologist. It often requires
the parent to hold the child on his or her lap and provide
reassurance during the examination. Methods of doing
this are illustrated in Figure 1.2. Parents are usually very
competent in detecting hearing impairment. The exception
to this is where the child is mentally retarded. All infants
should be given a screening test for hearing at 6 months of
age. Simple testing materials are required, e.g. a cup and
spoon, high and low pitched rattles, and devices to imitate
bird or animal sounds, or even snapping of finger tips are
usually effective if hearing is normal. The sounds should
be made quietly at a distance of 2-3 feet out of view of the
child. By 6 months of age a child should be able to localise
sound. To pass the screening test the child should turn and
look directly at the source of the sound.
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Hearing deficit

m A number of children with hearing deficits may not be
diagnosed until they are 2 years of age. The main pointers
to hearing deficits include parental concern about their child’s
hearing, speech delay, and lack of developmental markers of
hearing.

Eyes

These should be inspected for subconjuctival haemorrhages
which are usually of little importance, for cataracts,
for papilloedema and congenital abnormalities, such as
colobomata (Figs 1.3A and B). ‘Rocking’ the baby from the
supine to vertical position often results in the eyes opening
so they can be inspected. Squint is a condition in which early
diagnosis and treatment is important. There are two simple

tests which can be carried out to determine whether or not a

squint is present.

1. The position of the “corneal light reflection” should
normally be in the centre of each pupil if the eyes are both
aligned on a bright source of light, usually a pen torch.
Should one eye be squinting then the reflection of the light
from the cornea will not be centred in the pupil of that
eye. It will be displaced outwards, if the eye is convergent
and inwards towards the nose, if the eye is divergent. It
may be displaced by such a large amount that it is seen
over the iris or even over the sclera, where of course it
may be rather more difficult to identify, but with such
obvious squints the diagnosis is usually not in doubt.

2. In the “cover test” one chooses an object of interest
for the child, e.g. a brightly coloured toy with moving
components. When the child is looking at the object of
interest the eye thought to be straight is covered with
an opaque card and the uncovered eye is observed to
see whether it moves to take up fixation on the object
of interest. If the child has a convergent squint then the
eye will move laterally to take up fixation, and this is the
usual situation, since convergent squints are four times
more common than divergent squints. If the eye were
divergent it would move medially.

The most common cause for apparent blindness in young
children is developmental delay. Assessment of whether a
young baby can see is notoriously difficult, fixation should
develop in the first week of life, but an early negative
response is of no value as the absence of convincing evidence
of fixation is not synonymous with blindness. The failure
to develop a fixation reflex results in ocular nystagmus, but
these roving eye movements do not appear until the age of
3 months.
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Figs 1.3A and B: (A) Congenital cataract and (B) Papilloedema

A misleading response may be obtained when a bright
light stimulus is applied to a child preferably in a dimly
lit room. The normal response is a blinking or “screwing
up” the eyes and occasionally by withdrawing the head.
This is a subcortical reflex response and may be present
in babies despite them having cortical blindness. The
absence of this response increases the probability of
blindness.

Distraction and play

m |f the doctor cannot distract the infant or make the awake
“infant” attend to an object, look at the paediatrician’s face, or
a sound, consider a possible visual or hearing deficit.

: SR AT R
Fig. 1.4: Gingival hyperplasia caused by phenytoin

Face

Abnormalities of facial development are usually obvious and
an example is the infant with cleft lip. Associated with this
there may be a cleft palate, but full visual examination of
the palate including the uvula is necessary to ensure that the
palate is intact and there is not a submucous cleft of the soft
palate or a posterior cleft. Submucous and soft palate clefts
cannot be felt on palpation.

Mouth

Inspection of the mouth should include visualisation of the
palate, fauces, gum disease and the dentition (Fig. 1.4).
A cleft lip is obvious, but the palate must be visualised to
exclude a cleft. The mouth is best opened by pressing down
in the middle of the lower jaw. A baby is rarely born with
teeth, but if present these are almost always the lower central
incisors. The soft palate should be inspected to exclude the
possibility of a submucous cleft which could be suggested
by a bifid uvula. Small fibromata are sometimes seen in the
gums. They are white and seldom require treatment. These
are normal. The lower jaw should be seen in profile as a
receding chin (micrognathia) may be the cause of tongue
swallowing or glossoptosis (Pierre Robin syndrome) and it
may be associated with a cleft palate.

Neck

Examination of the neck may reveal congenital goitre and
midline cysts which may be thyroglossal or dermoid in
origin. Lateral cysts, which may be of branchial origin or
sometimes there may be extensive swellings, which may
be cystic hygroma or lymphangiomata. In early infancy a
sternomastoid tumour may be palpable in the mid region of
the sternomastoid muscle. Associated with this there may
be significant limitation of rotation and lateral flexion of the
neck. Palpation along the clavicle will define any tenderness
or swelling suggestive of recent or older fractures.



Fig. 1.5: Pectus excavatum (funnel-chest)

Chest

The shape, chest wall movement and the nature and rate of
the breathing (30-40 per minute) as well as the presence
of any indrawing of the sternum and rib cage should be
noted. In a normal baby without respiratory or abdominal
problems the abdomen moves freely during breathing and
there is very little chest movement. Most of the movements
of the breathing cycle are carried out by the movement of the
diaphragm. The nipples and axilliary folds should be assessed
to exclude conditions, such as absent pectoral muscles. In
Poland syndrome there is amastia, associated with ipsilateral
absence of sternal head of pectoralis major. Ten per cent
may have dextrocardia, dextroversion, or syndactyly.
Anterior chest wall deformities, such as pectus excavatum
(funnel chest) and pectus carinatum (Pigeon chest) should be
recorded (Fig. 1.5).

Cardiovascular

Examination of the cardiovascular system of infants and
children is carried out in a similar manner to that of adults. The
examiner should always feel for femoral pulses and ascertain
whether there is any radiofemoral or brachiofemoral delay as
this would suggest the possibility of coarctation of the aorta.
The most important factor in recording the blood pressure of
children is to use a cuff of the correct size. The cuff should
cover at least two-thirds of the upper arm. If the cuff size
is less than this a falsely high blood pressure reading may
be obtained. In small infants relatively accurate systolic and
diastolic pressures as well as mean arterial pressure can be
obtained by use of the Doppler method. The apex should be
visible and palpable and the position noted. The precordial
areas should be palpated for the presence of thrills. If the
apex beat is not obvious look for it on the right side of the
chest as there could be dextrocardia or a left-sided congenital
diaphragmatic hernia with the heart pushed to the right or
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collapse of the right lung. All areas should be auscultated
while the baby is quiet systolic murmurs may be very harsh
and can be confused with breath sounds.

Lungs

Small children frequently cry when the chest is percussed
and when a cold stethoscope is applied. If the mother holds
the child over her shoulder and soothes him, it is often easier
to perform a thorough chest examination. Light percussion
can be more valuable than auscultation in some situations,
but the basic signs are similar to those found in an adult.
Breath sounds are usually harsh, high pitched and rapid. Any
adventitious sounds present are pathological. Percussion of
the chest may be helpful to pick up the presence of a pleural
effusion (stony dull), collapse, consolidation of a lung (dull)
or a pneumothorax (hyper-resonant). These pathological
states are usually associated with an increase in the respiratory
rate, as well as clinical signs of respiratory distress.

Abdomen

In the infant the abdomen and umbilicus are inspected and
attention should be paid to the presence of either a scaphoid
abdomen, which in a neonate may be one of the signs of
diaphragmatic hernia or duodenal atresia or a distended
abdomen, which suggests intestinal obstruction, especially
if visible peristalsis can be seen. Peristalsis from left to right
suggests a high intestinal obstruction whereas one from the
right to the left would be more in keeping with low intestinal
obstruction. Any asymmetry of the abdomen may indicate
the presence of an underlying mass. Abdominal movement
should be assessed and abdominal palpation should be
performed with warm hands.

Palpation of the abdomen should include palpation for the
liver, the edge of which is normally felt in the new born baby,
the spleen which can only be felt if it is pathological and the
kidneys which can be felt in the first 24 hours with the fingers
and thumb palpating in the renal angle and abdomen on each
side. The lower abdomen should be palpated for the bladder
and an enlargement can be confirmed by percussion from a
resonant zone, progressing to a dull zone. In the baby with
abdominal distension where there is suspicion of perforation
and free gas in the abdomen, the loss of superficial liver
dullness on percussion may be the only physical sign present
early on. Areas of tenderness can be elicited by watching
the baby’s reaction to gentle palpation of the abdomen.
There may be areas of erythema, cellulitis, and oedema of
the abdominal wall and on deeper palpation crepitus can
occasionally be felt from pneumatosis intestinalis (intramural
gas in the wall of the bowel).

Auscultation of the abdomen in the younger patients
gives rather different signs than in the adult. The infant even
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Fig. 1.6: Ambiguous genitalia in a 10-year-old girl (clitromegaly, labial
fusion and empty scrotal folds of virilised female)

in the presence of peritonitis may have some bowel sounds
present. However, in the presence of ileus or peritonitis
breath sounds become conducted down over the abdomen to
the suprapubic area and in even more severe disorders the
heart sounds similarly can be heard extending down over the
abdomen to the suprapubic area.

Perineal examination is important in both sexes.
Examination of the anus should never be omitted.
Occasionally the anus is ectopic, e.g. placed more anteriorly
than it should be, stenotic or even absent. The rectal
examination is an invasive procedure and should be carried
out in a comfortable warm environment, preferably with the
child in the left lateral position and the mother holding the
hand of the child at the top end of the bed.

The testes in boys born at term should be in the scrotum.
The prepuce cannot be and should not be retracted. It is
several months or years before the prepuce can be retracted
and stretching is both harmful and unnecessary. In girls the
labia should be separated and genitalia examined.

The presence of a swelling in the scrotum or high in
the groin may suggest torsion of a testis and requires
urgent attention. The testis which cannot be palpated in the
scrotum and cannot be manipulated into the sac indicates the
presence of an undescended testis which needs to be explored
and corrected before the age of 2 years. A swelling in the
scrotum which has a bluish hue to it suggests the presence
of a hydrocoele due to a patent processus vaginalis and one
can get above such a swelling in most children. Palpation
of the scrotum is initially for testes but if gonads are not
present then palpation in the inguinal, femoral and perineal
regions to determine presence of undescended or ectopic
testes should be carried out.

Conditions, such as hypospadias, epispadias, labial
adhesions or imperforate hymen or ambiguous genitalia
should be diagnosed on inspection (Fig. 1.6).

Limbs

Upper and lower limbs are examined in detail. Hands and
feet should be examined for signs and those experienced in
dermatoglyphics may define a finger print pattern which is
consistent in various syndromes. The presence of a simian
palmar crease may suggest trisomy 21 (Down’s syndrome) and
thumb clenching with neurological disease. The feet, ankles
and knees should be examined for the range of movement in
the joints and tone of the muscles. The femoral head may be
outside the acetabulum at birth in true dislocation of the hip or
it may be dislocated over the posterior lip of the acetabulum
by manipulation, in which case the hip is described as
unstable, dislocatable or lax. There are conditions in which
the acetabulum is hypoplastic and shallow and the femoral
head itself is distorted. Congenital dislocation of the hip is
more common after breech deliveries in girls and in certain
parts of the world. All newborn infants should be screened
shortly after birth. The infant is placed supine with the legs
towards the examiner and each hip is examined separately.
The knee and hip of the baby are flexed to 90% and the
hip fully abducted by placing the middle finger over the
greater trochanter and the thumb on the inner side of the
thigh opposite to the position of the lesser trochanter. When
the thigh is in the mid-abducted position, forward pressure
is exerted behind the greater trochanter by the middle finger.
The other hand holds the opposite femur and pelvis steady. A
dislocated femoral head is felt to slip over the acetabular ridge
and back into the acetabulum as a definite movement. This
part of the test is called the Ortolani manoeuvre. The second
part of the test is the Barlow procedure. With the infant still
on his back and the legs and hands in the same position the
hip is brought into the position of mid-abduction with the
thumb exerting gentle pressure laterally and posteriorly; at
the same time the palm exerts posterior and medial pressure.
If a hip is dislocatable the femur can be felt to dislocate over
the posterior lip of the acetabulum. There is need for caution
in performing this test and no force should be employed.
Caution is particularly required in infants born with neural
tube defects and paralysis of the lower limbs.

The knees, ankles and feet should be examined.
Dorsiflexion of the feet should allow the lateral border to
come in contact with the peroneal compartment of the leg.
Failure indicates a degree of talipes equinovarus (TEV)
which is of concern to the parents although with simple
physiotherapy there are seldom long-term problems in the
absence of underlying neurological abnormality.

Spine

With the baby held face-downwards fingers should be run
along the spine excluding spinal defects, such as spina bifida
occulta and noting the presence of the common post-anal
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dimple, a tuft of hair, a pad of fat and haemangioma. A
Mongolian blue spot is commonly seen over the sacrum in
Asian babies. The presence of a posterior coccygeal dimple
or a sacral pit is common in babies and is due to tethering
of the skin to the coccyx. When one stretches the skin and
the base of the pit can be seen then nothing needs to be
done about it. Very rarely there is communication with the
spinal canal which could be the source of infection and cause
meningitis.

Stool and Urine Examination

Examination of a stool which is preferably fresh is often
informative. The colour, consistency and smell are noted as
well as the presence of blood or mucus. Urine examination
is also important in children since symptoms related to the
urinary tract may be nonspecific.

Neurological Examination

The neurological examination of the young infant and child is
different from that routinely carried out in the adult. Muscle
tone and strength are important parts of the examination. In
infants muscle tone may be influenced by the child’s state
of relaxation. An agitated hungry infant may appear to be
hypertonic, but when examined in a cheerful post-prandial
state the tone reverts to being normal. The examination of
the neurological system cannot be complete without the
evaluation of the child’s development level relating to gross
motor, fine motor and vision, hearing and speech and social
skills. All older children should be observed for gait to detect
abnormal coordination and balance.

Older children may be tested for sense of touch and
proprioception as in adults. Tests of sensation as well as
motor power must be performed in the paediatric patient,
but are difficult to assess in the very young child. The
normal newborn has a large number of primitive reflexes
(Moro, asymmetric tonic neck, glabellar tap, sucking and
rooting process). The “Moro-reflex” is a mass reflex,
which is present in the early weeks after birth. Its absence
suggests cerebral damage. It consists of throwing out of the
arms followed by bringing them together in an embracing
movement. It can be demonstrated by making a loud noise
near the child. The “sucking reflex” is present at birth in
the normal baby as is the “swallowing reflex”. If the angle
of the baby’s mouth is touched by the finger or teat the baby
will turn his head towards it and search for it. It is looking
for its mother’s nipple and is known as the “rooting or
searching reflex”.

The grasp reflex is illustrated by gently stroking the back
of the hand so that the fingers extend and on placing a finger
on the palm of the baby it takes a firm grip. Similar reflexes
are present in the toes. If the baby is held up under the arms
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so that his feet are touching a firm surface he will raise one
leg and hesitatingly put it down in front of the other leg,
taking giant strides forwards. This is the “primitive walking
reflex”.

Tendon reflexes, such as the biceps and knee jerks
are easily obtainable but the ankle and triceps jerks are
not readily elicited. Important as an indication of nervous
system malfunction are muscle tone, posture, movement
and the primitive reflexes of the newborn that have been
described. Plantar reflex is usually extensor and is of
little diagnostic importance in the first year. Delay in
disappearance of the primitive reflexes suggests cerebral
damage.

A GUIDE TO EXAMINATION OF A CHILD-PATIENT

Checklist of Bodily Systems

General Examination

Is the child unwell, breathless or distressed?
Level of consciousness

e [s the child cyanosed, pale or jaundiced (in carotinaemia
the sclerae are not yellow)?

e ENT examination: Child’s ears, nose and throat

e s the child dehydrated?: Skin turgor, sunken eyes,
sunken fontanelle

e Nutritional state

e Peripheral perfusion: Capillary refill time should occur
within 2 seconds

e Does the child have any dysmorphic features, i.e. an
obvious syndrome?

e Check blood pressure, temperature and pulses, i.e. radial
and femoral

e Hands: For clubbing (look at all fingers), peripheral
cyanosis, absent nails (ectodermal dysplasia), pitted nails
(psoriasis), splinter haemorrhages (Fig. 1.7).

]

Fig. 1.7: Finger clubbing in cystic fibrosis
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Figs 1.8A and B: (A) Hyperextensible skin and (B) Genu recurvatum
in Ehlers-Danlos syndrome

e Height, weight and head circumference (OFC): Plot
these on a percentile chart

e Rash: Generalised or localised, bruises, petechiae,
purpura, birth marks (learn dermatological terminology
(Table 1.2)

e Abnormal pigmentation: Café au lait spots, Mongolian
blue spots, elasticity of skin and hypermobility of joints
(Figs 1.8A and B)

e Palpate for lymph nodes in the neck (from behind),
axillae, groins any subcutaneous nodules

e Teeth: Any dental caries, a torn lip frenulum (physical
abuse)

® Genitalia: Injuries to genitalia or anus—sexual abuse

e Head shape: Normal, small (microcephaly, large
(macrocephaly), plagiocephaly, brachycephaly, oxycephaly
(turricephaly). Feel the sutures. Is there evidence of
craniostenosis?

e Hair: Alopecia, seborrhoea of the scalp

e Eyes: Subconjunctival haemorrhage, ptosis, proptosis,
squint, nystagmus, cataract, aniridia, optic fundi

e Mouth: Thrush, fauces, tonsils, teeth, palate
Ears: Normal, low-set, shape, pre-auricular skin tags
Anterior fontanelle: Diamond shaped, open, closed,
sunken, bulging, tense

X,
\

Figs 1.9A and B: Goitre in Hashimoto’s thyroiditis:
(A) AP neck and (B) Lateral view neck

Head circumference: Measure the child’s OFC and
plot it on a growth chart (if not done under general
examination).

Neck

e Short, webbed (Turner syndrome), torticollis

e Thyroid: Enlarged, bruit

e Swellings:

e Midline: Thyroglossal cyst, goitre (Figs 1.9A and B)
[ ]

Lateral: Lymph nodes, branchial cyst, cystic hygroma,
sternomastoid tumour.

RESPIRATORY SYSTEM

Inspection

Use of accessory muscles of respiration

Intercostal recession, any stridor, audible wheeze

Shape: Normal, zpectus carinatum (undue prominence of
the sternum-pigeon chest, pectus excavatum (funnel chest),
Harrison’s sulci, hyperinflation (increased anteroposterior
diameter)

Count the respiratory rate

Scars of past surgery (look at the front and the back of the
chest).
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Palpation

Chest wall movement: Is it symmetrical?
Feel the trachea: Central or deviated

e Tactile vocal fremitus (over 5 years of age—ask the child
to say 99).

Percussion

e Percuss all areas: Normal, resonant, hyper-resonant, dull
(collapse, consolidation), stony dull (pleural effusion).

Auscultation

e Air entry, vesicular (normal), absent breath sounds
(pleural effusion) and bronchial (consolidation)

e Added sounds: Wheeze, inspiratory or expiratory,
crackles (fine versus coarse), pleural friction rub

e Vocal resonance.

CARDIOVASCULAR SYSTEM

Inspection

e Are there features of Down’s (ASD, VSD), Turner’s
(coarctation of the aorta), or Marfan’s (aortic
incompetence)

e Cyanosis: Peripheral and central

e Hands: Clubbing and splinter haemorrhages (endocarditis)
e QOedema: Praecordium, ankles and sacrum

® Praecordium for scars of past surgery.

Palpation

e Pulses: Radial/brachial/femoral—radiofemoral delay (syn-
chrony of the two pulses), rate

® (Character of pulse—collapsing, volume

e Heart rate—rhythm

e Apex beat: Position (normal position in children 4th-5th
left intercostal space in the mid-clavicular line), beware
of dextrocardia

e Palpate for a parasternal heave and for precordial thrills.

PERCUSSION OF THE HEART IS NOT NORMALLY
UNDERTAKEN IN CHILDREN

Auscultation

e Listen to all four valve areas (apex, lower L sternal edge,
upper L sternal edge, and upper R sternal edge

® Quality of heart sounds

e Additional sounds, i.e. clicks, murmur (timing of the
murmur)

® Blood pressure—use a cuff that covers at least two-thirds
of the upper arm or use Doppler.
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GASTROINTESTINAL SYSTEM

Inspection

e General distension
Superficial veins—direction of flow, striae, umbilicus
e Masses, scars, visible peristalsis.

Palpation and Percussion

* First lightly palpate the entire abdomen, keep looking at
the child’s face all the time

Localised tenderness, rebound tenderness and rigidity
Masses

Ascites—percuss for the shifting dullness

Spleen, liver and kidneys

Hernial orifices

Genitalia (testes) and anus (site).

Auscultation

Bowel sounds: Absence implies ileus.

NERVOUS SYSTEM

Level of consciousness

Right or left handed

Orientation, memory (past and present)
Speech

Posture.

CRANIAL NERVE

Ist Smell-ability of each nostril to different smells

2nd Visual acuity, visual fields, pupils (size, shape,
reaction to light and consensual); Fundoscopy:
papilloedema, optic atrophy, cataract

3rd Palsy: Unilateral ptosis, fixed dilated pupil, eye
down and out

4th Palsy: Diplopia on looking down and away from
the affected side

5th Palsy: Motor-jaw deviates to the side of lesion
Sensory: Corneal reflex lost

6th Palsy: Convergent squint

7th Facial nerve lesions: Weakness
Only the lower two-thirds is affected in UMN
lesions, but all of one side of the face in LMN
lesions. Ask the child to screw-up eyes, raise
eyebrows, blow out cheeks, and show teeth

8th Hearing, balance and posture

9th and

10th Gag reflex: Look at palatal movement

11th Trapezii: Shrug your shoulders

12th Tongue movement: Deviates to the side of lesion
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Cerebellar Function

e Jerk nystagmus (worse on gaze away from midline)

¢ Truncal ataxia (if worse when eyes closed then lesion is
of dorsal columns; not cerebellum)

¢ Intention tremor: Ask the child to pick up a small object
and watch for tremor

e Past pointing: Ask the child to cover one eye with one
hand and with the index finger of the other hand ask him
to touch his nose and then touch your finger

e @Gait: Ask the child to walk normally and then walk
heel—toe look for ataxic gait.

LOCOMOTOR SYSTEM

Arms

e Tone, muscle bulk, muscle power—oppose each move-
ment

e Joints: Hands swollen/tender metacarpophalangeal
(MCP)/proximal interphalangeal (PIP) joints, test joints
for hypermobility

e Reflexes: Biceps (C5, 6) and triceps (C7, 8)—compare
both sides
Hand: Ask child to squeeze fingers or spread fingers
Coordination: Finger-nose touching
Sensation: Test light touch.

Legs

e Tone, quadriceps or gastrocnemius bulk

e Power—oppose each movement

e Coordination—rub heel up and down shin (“heel-shin test™)
e Joints: Swollen, tender, patella tap test (effusion in

knee)

e Reflexes: Knee (L3, 4), ankle (S1, 2), plantar reflex—the
plantar is normally up-going in infants until they begin to
walk

e Feet: Any deformity are arches high or low.

Sensation

Joint position sense
¢ Fine touch discrimination.
Gait

Ask the child to walk normally across room.

Gower’s Sign

Ask the child to stand from supine. A child will normally
sit up from lying, and then stand. In Duchenne muscular
dystrophy, the child will have to roll over onto their front
and then climb up their legs.

DEVELOPMENTAL ASSESSMENT

This should be carried out under four headings: gross
motor, fine motor and vision, hearing, and speech and social
behaviour. These milestones are based for a child who is
aged 6 weeks to 5 years.

Birth to Six Weeks

Gross Motor

Marked head lag at birth on pulling to sit. By 6 weeks moderate
head lag on pull to sit prone, brings chin momentarily off
couch.

Fine Motor and Vision

e (an see at birth

® By 6 weeks, can fix and follow across to 90°.
Hearing and Speech

e Can hear at birth

e Startles and quietens to a soothing voice.
Social Behaviour

e Stops crying when picked up

® By 6 weeks, smiling to familiar noises and faces.
Three to Six Months

Gross Motor

e By 3 months, on ventral suspension brings head above
level of back

® Prone lifts head and upper chest off couch

e By 6 months, sits with support or tripod sits

® Beginning to weight bear. Rises to stand when supported.

Fine Motor and Vision

e By 3 months, holds hands loosely open and has hand
regard

e By 6 months, reaches for toys with palmar grasp

e Transfers hand-to-hand and hand-to-mouth.

Hearing and Speech

e (Can laugh, gurgle and coo

e Starts to babble around 6 months. Will turn when called.
Social Behaviour

e Holds on to bottle or feeding cup when fed

¢ Frolics when played with

e Examines and plays with hands and places feet in
mouth.
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Six to Nine Months
Gross Motor

e By 6 months can roll from front to back
Sits unsupported with a straight back

® Begins to pivot around on arms and legs into the crawling
position.

Fine Motor and Vision

® Small objects picked up between index finger and thumb
in a pincer grasp
e Transfers from hand-to-hand.

Hearing and Speech

By 9 months, shouts to gain attention
e Vocalises nonspecific syllables such as “dada” and
“mama”.

Social Behaviour

Turns when talked to

Resists when objects taken away
Tries to reach for objects out of reach
Likes to feed with fingers.

Nine to Twelve Months
Gross Motor

® By 9-10 months most infants are crawling

e Of 10% normal infants never crawl, but move around by
rolling, padding or bottom shuffling. These children are
often late walkers and may not walk alone until 2 years
of age

* By 9-12 months, begins to pull to standing and cruise.

m  Delayed walking could be due to the fact that the child
is a bottom shuffler. There is a family history of bottom
shuffling. It is autosomal dominant in inheritance. Rest of the
developmental milestones is within the normal range.

Fine Motor and Vision

Will bang two cubes together
e Looks for fallen objects.

Hearing and Speech

By 9-12 months, usually have 1 or 2 recognisable words in
addition to “mama” and “dada”.
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Social Behaviour

e Enjoys imitative games, such as clapping hands and
waving goodbye
e Shy with strangers until the end of the first year.

Twelve to Eighteen Months
Gross Motor

® By 12 months, can walk with hands held and begins to
stand alone

e By 18 months, climbs onto chair and up stairs. Holds on
to toys while walking.

Fine Motor and Vision

e Pincer grip refined. Tiny objects can be picked up
delicately

e Points at objects with index finger

e (Can be persuaded to give objects to another on request

® Builds a tower of two or three bricks.

Hearing and Speech

Vocabulary of several words

Comprehension is more advanced than speech at this age
* Enjoys looking at pictures on a book and points and

babbles while doing this.

Social Behaviour

* By 12 months indicates wants, usually by pointing
® Drinks from a cup and helps to feed themselves

® Begins to help with dressing

e Learns to throw

* Enjoys simple games such as peek-a-boo.

Two Years

Gross Motor

Can walk, run, squat and climb stairs two feet per step.

Fine Motor and Vision

Builds tower of six or seven cubes
Spontaneous scribbling

Hand preference

Holds pencil with thumb and first two fingers
Imitates vertical lines.

Hearing and Speech

Uses 50 or more recognisable words and understands many
more
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Forms simple sentences
Carry out simple instructions.

Social Behaviour

Feeds with a spoon, drinks from a cup
Usually dry through day (variable)
Demands mother’s attention

Tantrums when frustrated

Instant gratification.

Three Years

Gross Motor

Climbs stairs one foot per step
Pedals a tricycle
Kicks a ball.

Fine Motor and Vision

Copies a circle, imitates a cross
Builds a tower of nine cubes
Threads beads.

Hearing and Speech

Speaks in sentences and may know a few colours

Recites nursery rhymes
Counts to 10.

Social Behaviour

Eats with fork and spoon

Dry through night

Likes to help in adult activities
Vivid imaginary play

Joins in play with others.

Four Years

Gross Motor

Walks up and down stairs one foot per step
May hop.

Fine Motor and Vision

Copies cross (also VTHO)
Draws a man with head, legs and trunks

Picks up very small objects and threads beads
Knows four primary colours.

Hearing and Speech

Intelligible speech

Knows name, address and usually age
Listens to and tells stories

Enjoys jokes.

Social Behaviour

May wash, dress, undress, but not yet manage laces
Understand taking turns, as well as sharing
Appreciates past, present and future time.

Five Years

Gross Motor

Catches a ball.

Fine Motor and Vision

Draws triangle and detailed man.

Hearing and Speech

Clear speech.

Social Behaviour

Comforts others
Group play.

Primitive Reflexes

Rooting reflex: Appears at birth, disappears at 4
months

Palmar/plantar reflex: Appears at birth, disappears at 4
months

Stepping reflex: Appears at birth, disappears at 4
months

Moro reflex: Appears at birth, disappears at 4 months
Tonic neck reflex: Appears at 1 month, disappears at 6
months

Delay in disappearance of the primitive reflexes suggests
cerebral damage



Louis Low

Growth and Development

NORMAL GROWTH

Human growth is determined by an interaction of genetic
and environmental factors. The infancy-childhood-puberty
(ICP) growth model breaks down the human linear
growth curve into three additive and partly superimposed
components (Fig. 2.1). There are different growth
promotion systems for each component. The infancy phase
describes the period of rapid growth in utero and in infancy
and this phase of growth is predominantly nutritionally
dependent. Maternal nutrition before and during pregnancy
are important determinants of foetal growth and low
pre-pregnancy weight increases the risk of intrauterine
growth retardation (OR 2.55). An additional intake of 300
Kcal and 15 g of protein per day are recommended for
pregnant mothers above the recommended intake for non-
pregnant women. Nutrient supply to the growing foetus is
the dominant determinant in foetal growth, which is also
dependent in placental function. Multiple approaches of
nutritional intervention, control of infection and improved
antenatal care to pregnant women are more effective than

150
The ICP
. growth
E_, - model
= Infancy
= ‘foetal
i growth’ Childhood Boys
growth hormone
50
Puberty sex
steroids
0 - it 18 Age (years)

Fig. 2.1: Analysis of linear growth using a mathematical model
(Courtesy: J Karlberg, et al. Acta Paediatrica Scand. 1987;76:478)

any single intervention. Nutritional deprivation during
pregnancy can have an epigenetic effect on foetal growth
extending over many generations. Studies from Netherlands
have shown that maternal smoking and cannabis use in
pregnancy results in significant foetal growth retardation,
which is progressive through gestation. Cytokines are
essential for implantation and insulin-like growth factor
2 (IGF-2) is important for placental growth. Apart from
nutrition, hormones and growth factors have an important
role in the control of foetal growth. Foetal insulin secretion
is dependent on the placental nutrition supply and foetal
hyperinsulinaemia, which stimulates cell proliferation and
foetal fat accumulation from 28 weeks gestation onwards.
Thyroid hormone, which affects cell differentiation and
brain development, is also regulated by nutrition. Cortisol
is essential for the pre-partum maturation of different
organs including the liver, lung, gut and pituitary gland.
Although growth hormone (GH) is important in post-natal
growth, it plays an insignificant role in foetal growth except
for an effect on foetal fat content. Animal knockout studies
and human observations have shown that IGFs are most
important for metabolic, mitogenic and differentiative
activities of the foetus. Insulin-like growth factor-2 is more
important in early embryogenesis. In humans, foetal body
weight is more closely correlated with the concentration of
foetal serum IGF 1 than IGF 2.

In the childhood phase of growth, hormones like growth
hormone, thyroid hormone and growth factors like IGF
begin to exert their influence from the end of the first year of
life. A delay in the onset of the childhood phase of growth
results in faltering of growth during this critical period.
The growth faltering commonly observed between 6 and 18
months of life in children from developing countries are due
to nutritional and socioeconomic factors rather than ethnic
differences. The importance of the growth hormone and
IGF 1 axis and other hormones in the childhood phase of
growth is described in a subsequent section of this chapter.
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Short-lived growth acceleration between 7 and 8 years of age
can be observed in two-thirds of healthy children followed
by a fall in growth velocity before the onset of puberty. The
pubertal phase of growth is controlled by nutrition, health,
GH-IGF 1 axis and pubertal secretion of adrenal androgens
and sex steroids. The onset of the childhood component has
been known to be positively associated with the magnitude
of the foetal or infancy component. The height at onset of
puberty is an important determinant of the final adult height.
The onset of puberty component is negatively correlated with
the height at onset of puberty.

The United Nations Children’s Fund (UNICEF) has
identified access to nutritionally adequate diet, health care
for mothers and children, and environmental health factors
as conditioning factors of child growth worldwide. The
care required includes care of women in the reproductive
age, breastfeeding and feeding practices, psychological
care, food preparation, hygiene and home health practices.
Low food intake and the burden of common childhood
infectious diseases, diarrhoea, respiratory infections and
infestations limit the full realisation of the genetic potential
in children from developing countries. As more and more
women join the workforce, their duration of time spent in
child care and income generation determines whether child
care is compromised. Quality child care is not affordable or
accessible to low-income working mothers. Environmental
pollution (air, heavy metals and smoking) can affect the
growth of children especially those living in developing
countries undergoing rapid economic transition. The negative
effects of active and passive smoking in mothers on foetal
growth and growth in early life have been well characterised.
Environmental exposure to lead in children has been linked
to impaired physical growth, neurodevelopment and delayed
puberty. Mercury poisoning from industrial pollution and
teething powder and drugs are less common. There are
claims of association of increased mercury exposure with
neurodevelopment deficits. No significant association of
prenatal and postnatal exposure to methylmercury from
fish consumption with childhood neurodevelopment has
been found in populations with high fish consumption. A
negative association between environmental sulphur dioxide,
total suspended particulates and exposure to herbicide, and
birth weight has been consistently reported in the literature.
Impaired growth in infancy and childhood is associated with
short adult stature and impaired cognitive development. The
World Health Organisation (WHO) global database on child
growth and malnutrition provides information on growth
and nutrition worldwide (www.who.intnutgrowthdb) based
on the National Centre for Health Statistic (NCHS)/WHO
international growth reference. The prevalence of wasting
in preschool children in Cambodia, Indonesia, Indian
subcontinent, some island states in the Indian Ocean and some
countries in Africa, and Middle East has remained above
10%. According to WHO, 110 million stunted children live
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in Asia in 2005. With the improvement in socioeconomic
conditions and healthcare in most countries, there is a
dramatic secular increase in mean stature of populations
from Asia and other developing countries, while the positive
secular trends in growth have slowed or even plateaued in
developed countries in Europe and North America.

Although, malnutrition remains a problem in some parts
of the world, there is now a worldwide obesity epidemic
in both developing and developed countries. The reason for
the increase in body weight in children in the community
is multifactorial including genetic, cultural differences and
dietary changes especially increase in intake of high fat
energy dense foods, but most importantly the increasing
sedentary lifestyle adopted by different sectors of the
population. The decrease in daily physical activity is due to
mechanisation and computerisation. Time spent in watching
television and playing or working on the computer is now
regarded as a surrogate marker of inactivity in children.
The health burden of excessive weight gain in childhood
will be amplified in the years to come and urgent action by
international organisations, governments and all national and
region stake-holders is needed.

ASSESSMENT AND MONITORING OF GROWTH

A clinician should take the opportunity to assess the growth of
each child at each clinical encounter. The head circumference
should be measured as the biggest circumference between
the frontal region and the occipital prominence using a non-
stretchable measuring tape. The body weight should be
measured with a calibrated electronic scale, without shoes
or socks and the child wearing light clothing. In infants and
young children, the supine length should be measured with
an infant stadiometer (Fig. 2.2). Children older than 2 years
of age should be measured standing using a wall-mounted
stadiometer (Fig. 2.3) without shoes or socks, with the eyes
and external auditory meatus held in the same plane, and a
slight upward pressure exerted on the jaw and occiput. The
anthropometric measurements should be plotted accurately
on the appropriate chart.

Monitor of growth in children and adolescents has been
widely used by paediatricians as a marker of their general
well-being. The normal pattern of growth in children is
traditionally described in an up-to-date ethnic specific

Fig. 2.2: Stadiometer for measurement of supine length



Fig. 2.3: Wall mounted stadiometer for height measurement

growth chart. Growth references are valuable tools for
accessing the health of individuals and for health planner to
assess the well-being of populations. In a survey involving
178 countries, growth monitoring in the first six years of
life is an integral part of paediatric care in most countries
worldwide. Two-thirds of these countries use the NCHS or
WHO growth reference, while more developed countries
use their own national growth reference. In developing
countries, health care workers monitor growth to detect
and intervene when children have growth faltering. In
developed countries, growth monitoring has been regarded
as a useful tool for detecting unrecognised organic diseases,
provision of reassurance to parents and for monitoring the
health of children in the population. Understanding the
ethnic differences in childhood and pubertal growth helps
doctor in interpretation of results of surveillance of child
growth based on the NCHS or WHO growth standard, which
has a number of limitations. A WHO multicentre growth
reference has been developed, based on a longitudinal study
of exclusively breastfed children from birth to 24 months
and a cross-sectional study of children from 18 to 71 months
from six countries (Brazil, Ghana, India, Norway, Oman and
the United States). Babies in the Euro-Growth study who
were breastfed according to the WHO recommendations
showed higher weight gain in the first 3 months of life and
were lower in weight and length between 6 and 12 months
as compared to the NCHS or WHO growth reference. No
significant differences in growth from the NCHS reference
in these children were noted between 12 and 36 months.
The finding was similar to that of the WHO multicentre
growth reference. The WHO multicentre growth reference
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had completed [Acta Paediatr. 2006;95 (Suppl 450):1-106]
and is consider as the gold standard for assessing growth of
children worldwide.

Despite widespread acceptance of routine growth
monitoring of children as the standard of care, a recent meta-
analysis questioned the benefits of growth monitoring in
childhood, as there have been very few trials that evaluated
the impact of this practice on child health. Infants should
be weighed at birth and at times of their immunisation.
Surveillance of children’s weight above one year is only
recommended in children whose growth causes clinical
concern. Clinicians should pay more attention to growth
parameter collected during clinical consultations. Length
measurement should only be done in children under 2 years
of age, if there is a concern in their growth or weight gain.

In a normal population, less than 5% of the infants will
drop their weight through two centile lines and less than
1% of infants will have a fall in weight across three centile
lines in the first year of life. A baby would be regarded as
failing to thrive, if there is a fall in weight across more than
two centile lines in infancy. In the United Kingdom, it has
been recommended that primary care physicians should refer
children for assessment, if their heights falls below the 0.4th
percentile (-2.67 SD) and a single height measurement at
school entry using this criteria that has been found to be
a sensitive marker for undiagnosed organic disease. The
sensitivity of this recommended height screening test can
be improved by making a correction for the height of the
parents. Height measurements taken during other clinical
encounters during childhood are further opportunities for
referral using the 0.4th percentile as the cut-off for action.
Clinicians have long placed a lot of emphasis on growth
assessment using height velocity, which is calculated from
the difference between two height measurements, thereby
combining the imprecision of the two readings. Successive
measurements of height over time in an individual are highly
correlated, whereas successive annual growth velocities are
not. This suggests that growth velocity estimates are not
reliable and does not have a useful role in routine growth
monitoring. Despite its imprecision, a grossly abnormal
growth velocity can still be regarded as an indicator of
disease. Whether routine height screening every 2-3 years
between 5 and 12 years of age will be cost-effective in
detecting silent disease without the capacity to cause harm
within the paediatric population remains to be proven.
However, routine monitoring of the height and weight in
both developing and developed countries is likely to continue
in the years to come.

In the monitoring of overweight and underweight, both
the WHO and the International Obesity Task Force (I0TF)
have suggested the use of different body mass index [BMI
derived from weight (kg)/height* (in meters)] cut-offs for
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identifying these problems in the clinical and public health
setting. The WHO has adopted the updated BMI reference
based on the United States NHANES I data collected in 1971~
1974 (www.cdc.gov/growth charts), while IOTF has adopted
an international BMI reference derived from six population
growth studies (Cole TJ et al. BMJ. 2000;320:1270) as
the gold standard for international comparison. The WHO
proposed a BMI below the 5th percentile, above 85th
percentile and 95th percentile as cut-offs for underweight,
overweight and obesity respectively. The IOTF established
BMI percentile cut-offs at different ages based on extrapolation
of adult BMI cut-offs of 25 kg/m* and 30 kg/m? for overweight
and obesity. In addition, national BMI references are now
available in many developed countries. The cut-offs based
on the United States reference data are related to some
measures of morbidity, but the newly developed IOTF BMI
cut-off points for children still require validation with data on
morbidity measures like blood pressure, serum lipids, insulin
resistance and diabetes. In a meeting organised by WHO or
International Association for the Study of Obesity (IASO)/
IOTF in Hong Kong in 1999, the experts were of the opinion
that a lower BMI cut-offs might need to be set for adult
Asian populations because of their predisposition to deposit
abdominal fat. The proposed revised BMI cut-off is 23 kg/m?
and 25 kg/m? for overweight and obesity respectively (www.
idi.org.au).

THE GROWTH HORMONE: IGF 1 AXIS

The pulsatile secretion of growth hormone from the pituitary
gland is under the control of the stimulatory action of growth
hormone releasing hormone (GHRH) and the suppressive
effect of somatostatin. Multiple neurotransmitters and
neuropeptides are involved in the hypothalamic release of these
hormones. Growth hormone is essential for normal human
growth in childhood and adolescence. The liver is the organ
with the highest GH receptor concentrations and is the main
source of GH binding protein (cleaved extracellular portion of
the GH receptor) found in the circulation. After binding to its
receptor and inducing dimerisation, GH activates the JAK2/
STAT pathway to bring about the stimulation of epiphyseal
growth, osteoclast differentiation, lipolysis and amino acid
uptake into muscles. The more important growth promotion
action of GH is mediated by IGF 1. Circulating IGF 1 comes
predominantly from the liver and is associated with IGF
binding protein 3 (IGFBP 3) and the acid labile submit (ALS)
to form a ternary complex. The action of IGF 1 is modified
by six binding proteins in the circulation. Although IGF 1 is
important in foetal growth, serum concentration of IGF 1 is
low in foetal life and in early infancy. A significant rise in IGF
1 and IGFBP 3 concentrations is observed in normal children
from 10 months onwards. There is further progressive rise
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of serum IGF 1 to two to three times of the adult serum
concentrations as the children progress through puberty.
The serum IGF 1 level in childhood is also dependent on
nutrients availability. It has now been shown that the local
generation of IGF 1 in tissues in response to GH rather than
the circulating IGF 1 is essential for normal growth; liver-
specific IGF 1 knockout mice have low circulating IGF 1
levels and yet they have near normal growth. Short stature
has been reported in humans with mutations in the genes of
GHRH, GH, GH receptor, STAT5b, IGF 1, ALS and IGF
1 receptor.

GENETICS OF STATURE

Fisher RA proposed in 1918 that many genetic factors, each
having a small effect, explain the heritability of height.
This is still true in the genome era. From five genome wide
association studies using single nucleotide polymorphisms
analysis, investigators have identified over 50 chromosome
locations (implicating nearby genes), which appear to be
partially responsible for the regulation of adult stature in
humans. Collectively, these genes account for about 4% of
adult stature. One gene LIN28B on chromosome 6q21 which
is shown to be important in the determination of stature
is also found to be associated with the age at menarche.
Heterozygous carriers of mutations of natriuretic peptide
receptor B (NPR2) have a mean height of -1.1 4+ 0.8 SD and
the carrier frequency is 1 in 5-700 and some short children
may be NPR2 mutation carriers. Heterozygous insulin-like
growth factor acid labile subunit gene (IGFAL S) mutation
carriers have -0.9 + 1.51 SDS loss in height compared with
the normal population. It is possible that carriers of some
of these single gene defects can be the cause of some short
children in the population. It is likely that more and more
height determining genes will be described in future.

PUBERTY

Puberty is defined as the maturational transition of an
individual from the sexually immature state to adulthood
with the capacity to reproduce. The hypothalamic-pituitary-
gonadal axis is active in utero and at birth. After this period
of activation, the axis undergoes a long period of relative
quiescence from 3 to 6 months after birth until late childhood
when pubertal development occurs. The onset of puberty is
the result of decreasing sensitivity of the regulatory system
of gonadotropin secretion (gonadostat) in the hypothalamus
to the negative feedback of the small amounts of gonadal
steroids secreted by the pre-pubertal gonads, as well as a
decrease in the central neural inhibition of gonadotrophin
releasing hormone (GnRH) release. Disruption of genes
controlling the migration of GnRH neurons from the olfactory
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epithelium to the forebrain can result in delayed puberty.
The initiation of puberty is associated with a decrease in
trans-synaptic inhibition by GABAergic neurons and an
activation of excitatory glutamatergic neurotransmission
in the control of GnRH secretion. There is also evidence
that glial to neuron signalling through growth factors
is important in the neuroendocrine control of puberty.
Evidence for genetic regulation of the timing of puberty is
suggested by the correlation of the age of onset of puberty
in mother and their offsprings and also in twin studies. It
has been suggested that 50-80% of the variance in pubertal
onset may be genetically controlled. Kisspeptin, which is
encoded by the KISS 1 gene on chromosome 1q31, is cloned
as a tumour metastasis suppressor gene. Kisspeptin-G
protein coupled receptor 54 (GPR54) signalling complex
is important in the control of puberty. Inactivating GPR 54
mutations lead to hypogonadotropic hypogonadism and an
activating mutation of GPR54 has been described in a girl
with slowly progressive precocious puberty. Genomewide
association studies (GWAS) and age at menarche (AAM)
identified a significant association of LIN28B and AAM.
A meta-analysis of 32 GWAS identified 30 loci associated
with AAM and these genetic loci explained 3.6-6.1% of
the variance in the AAM, equivalent to 7.2-12.2% of its
heritability.

Light dark rhythm and climatic conditions have little effect
on the AAM. Children adopted from developing countries to
live in a developed country have early puberty as a general
rule. Exposure to endocrine-disrupting chemicals can
affect timing of puberty and, for example, isomers of DDT
have oestrogen agonistic and androgen antagonistic effect.
Mycoestrogenic zearalenone was reported to be elevated in
35% of girls with central precocious puberty in a study from
Italy. Zearalenone is a nonsteroidal mycotoxin produced
by Fusarium species on grains and causes contamination of
grains and animal feeds. Brominated flame retardant and
dichlorodiphenyl-dichloroethylene (DDE) have been found to
have an association with earlier puberty in girls. The timing
of puberty is also influenced by nutrition and metabolic cues.
A direct relationship between a particular ratio of fat to lean
body mass and onset of puberty has been described. Leptin
plays a role in informing the brain of peripheral energy stores
and body composition and may act as a permissive signal for
the onset of puberty.

With the onset of puberty, there is increasing pulsatile
secretion of luteinising hormone (LH) and to a lesser
extent follicle-stimulating hormone (FSH), mainly at night
through gradual amplification of GnRH pulse frequency
and amplitude. In pubertal boys and girls, sleep-entrained
pulsatile GnRH secreted every 60-90 minutes progressing
to become more regular throughout the day. In boys,
the pulsatile gonadotropin secretion stimulates the testes
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to develop and the Leydig cells to produce testosterone.
Testosterone production increases progressively and is
responsible for the metabolic changes and the development
of secondary sexual characteristics. Both LH and FSH are
required for the development and maintenance of testicular
function. In early puberty in girls, circulating FSH level
increases disproportionately to the LH level in response
to GnRH stimulation. Gonadotropin stimulation leads
to a rapid rise in ovarian oestrogen production before
menarche. When the concentration of oestradiol rises
above 200 pg/ml for a few days, the negative feedback on
GnRH and gonadotropin release turns to positive feedback
leading to the ovulatory LH surge. In humans, the ability
of the hypothalamus to stimulate gonadotropin secretion in
response to positive feedback effects of oestrogen does not
occur until after menarche. In adult females, the GnRH
pulse frequency starts at 90 minutes in early follicular
phase, increases to one pulse every 60 minutes in mid-
follicular phase and slows to one pulse every 4-6 hours in
the lateral phase.

From the age of 6-8 years onwards, there is a progressive
rise in adrenal androgens secretion up to 20 years of age.
This process of maturation of the adrenal gland, referred
to as adrenarche, is responsible for pubic and axillary
hair development and this event occurs independent of the
maturation of the hypothalamic-pituitary-gonadal axis,
although the timing of the two processes are usually related
in normal puberty. Adrenarche is coincident with the mid-
childhood adiposity rebound and there is evidence that
nutritional status measured as a change in the body mass
index (BMI) is an important physiological regulator of
adrenarche.

The progressive changes in the secondary sexual
characteristics have been described in a standardised format
by Tanner (Figs 2.4 and 2.5). There is considerable variation
in the age of onset and the tempo of progression of puberty
among normal children. Over the last century, children have
tended to be taller in stature and reach sexual maturity at
an earlier age. In a recent population study from the United
States, 5% and 15% of the white and African American girls
had breast development before the age of 7 years. Since
the mean age of menarche in these American girls have not
changed significantly over time, puberty in American girls is
associated with earlier onset of breast development, but with
a slower tempo of pubertal progression. An age of onset of
puberty before the age of 9 years in boys and before 7 years
in girls is regarded as premature. Girls and boy without signs
of puberty by the age of 13 years and 14 years should be
monitored carefully and considered for evaluation of delayed
puberty. The mean age of onset on menarche can vary from
11.2 years in African Americans, 11.27 years in China and
13.4 years in Denmark.
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Fig. 2.4: Standards for breast development (From Tanner, 1969)

(Courtesy: Endocrine and Genetic Diseases of Childhood and Adoles-
cence by Gardner, Lytt.l. WB Saunders Company. 1975)

CHILD DEVELOPMENT

Development in children is predominantly determined by
genetic factors, but a significant contribution comes from
environmental factors (maternal nutrition during pregnancy,
birth, socioeconomic factors, nutrition and health after birth).
Intellectual development in childhood and adolescence is a
complex and dynamic process with the interaction between
genes and the environment continuously changing over time.
Antenatal and postnatal depression, maternal malnutrition,
maternal smoking during pregnancy, antenatal exposure
to organic pollutants and adverse child care practice can
disrupt the development of different psychomotor domains
in infancy and childhood. Home environment, parent-
child relationship, parenting style and discipline practices
and school environment can have a major influence in the
socioemotional and cognitive growth of an individual in
childhood and adolescence. Traditionally, early childhood
development can be described in stages in four functional
skill areas: gross motor, fine motor, language and speech,
social and emotional development. It is also important for
paediatricians to be familiar with the development of the
special senses, like hearing, vision, taste, smell, sensation and
proprioception. Timing of achievement of major milestones
in the various domains of development can vary enormously
in normal children. Sound knowledge of development in

Fig. 2.5: Standards for pubic hair ratings in boys and girls
(From Tanner, 1969)
(Courtesy: Endocrine and Genetic Diseases of Childhood and
Adolescence by Gardner, Lytt.I. WB Saunders Company. 1975)

childhood and adolescence allow us to recognise global or
specific developmental delay beyond the normal acceptable
age, disordered developmental sequence or developmental
regression.

GROSS MOTOR DEVELOPMENT

Motor development progresses in a cephalocaudal direction
with suppression of primitive reflexes and development of
postural tone and secondary protective reflexes. The primitive
reflexes including the Moro, grasp, stepping and asymmetric
tonic neck reflexes must have disappeared by 3-6 months of
age before head control (4 months) and independent sitting
at 6-8 months can occur. Prior to walking, an infant can
crawl on all four limbs, bottom shuffle, commando creep or
roll along the ground. Shufflers, creepers and rollers tend to
attain independent walking at a later age than infants who
crawl on all fours. Thus early locomotor patterns can result
in significant variation in the age of achieving independent
walking. A delay in walking beyond 18 months of age is a
warning sign in children who have been crawling as the early
locomotor pattern. An infant stands holding on furniture by
9 months of age, cruise round furniture by 12 months and
walk independently by 13-15 months. At 18 months of age, a
child can climb onto a chair and walk up and down stairs two
feet per step by 24 months of age. By two and half years of
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age, a child should be able to stand on tip-toes, jump on both
feet and kick a ball. A 3-year-old child can walk backwards
and can ride a tricycle. There is further development of
gross motor skill and balance with age and most children can
participate in a variety of activities like swimming, skating,
gymnastics and ball games by 6-7 years of age.

FINE MOTOR DEVELOPMENT IN
EARLY CHILDHOOD

The development of fine motor skills in childhood is
condition upon the development of normal vision. Voluntary
movements and fine motor manipulations require the co-
ordinated development of nervous system and visuomotor
coordination. Visual fixation can be demonstrated in babies
by 4-6 weeks of life. The grasp reflex is usually inhibited by
3 months of age and babies can be seen to open their hands,
clasp and unclasp their hands at the midline of the body.
Between 3 and 5 months, babies find their hands interesting
and persistence of “hand regard” beyond 5 months is unusual.
By 6 months of age, babies can reach and grasp an object
(one inch cube) with the palm of their hands (palmar grasp).
Putting objects to the mouth is a common activity at this age.
Transfer of objects from one hand to the other can be seen at
6 months. By 9 months of age, babies can hold a cube in each
hand and bring them together for comparison. Grasping of
small objects with the thumb and index finger (pincer grasp)
can be achieved between 9 months and 12 months. Casting
of objects is frequently observed towards the end of the first
year of life, but voluntary release of an object on command
only takes place at 15 months. By 15 months of age, a child
can hold a pen in his/her palm and scribble. The child can
build a tower of 2-3 cubes between 15 and 18 months. At
2 years of age, a child’s ability to manipulate small objects
continues to improve (Fig. 2.6). Hand dominance can be
observed at 2 and half years of age and the child can scribble
and draw a line or circle with a tripod pen grip. At 3 years
of age, a child can build a tower of 8 to 9 cubes and copy
building patterns using three to four cubes. A child can eat
with a fork or spoon. By 4 years, a child can draw a man
showing body parts and copy some alphabets. Between 5 and
6 years, a child can write well and eat properly with knife
and fork.

LANGUAGE AND SPEECH
DEVELOPMENT IN CHILDHOOD

Language can be defined as an arbitrary set of symbols,
which when combined in a particular sequence, allows an
individual to convey a specific message or conceptualisation
and transmit them to another individual. When the
transmission of messages between individuals is performed
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Fig. 2.6: Build cubes

verbally, then the action is referred to as speech. Language
acquisition is a complex process integrating interaction
between many factors. Genetic factors possibly play an
important role early in the developmental process, but
neurological (cerebral palsy, neuromuscular disorders,
hearing impairment, autism), cognitive (mental retardation,
specific learning disabilities and specific developmental
language impairment), environmental (psychosocial
deprivation, bilingual or multilingual environments, cultural
differences, maternal depression and large sibship) factors
are important determinants of speech development. Impaired
hearing is associated with impairment in language and speech
development and the prevalence of severe hearing loss has
been estimated to be between 1:900 and 1:2500 in newborn
infants. It has been shown that universal newborn hearing
screening, using auditory brainstem response (ABR) or
two-step screening (ABR-ABR) and otoacoustic emissions
(OAE), enables the early identification of infants with
moderate to severe hearing impairment. There is evidence
that early diagnosis of impaired hearing and intervention
can be associated with a better-improved language and
communication skills by 2-5 years of age. Cochlear implant
is an alternative for children with severe sensorineural
hearing loss who do not benefit from conventional hearing-
aids. Early cochlear implantation before 3 years of age has
been associated with a better outcome in terms of speech
and language development as compared to children receiving
cochlear implants in later life.

A one-month-old baby startle to sound, but location of the
source of sound presented at ear level is present at 6 months
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of age. At 3 months, they respond to the call of their names,
smile and laugh or are comfortable in response to the sound
of the mother’s voice. Babies can make consonant sounds
at 3 months of age (e.g. ba, ka and da) and deaf infants are
usually referred to as quiet babies at this stage. Babbling in
strings usually occur after 6 months of age. At 12 months of
age, the baby understands some simple commands and uses
increasing variety of intonation when babbling. At one year
of age, an infant understands simple commands like “blow a
kiss” or “wave bye-bye”. They are able to say a few words
with meaning and have at least 6 recognisable words with
meaning by 18 months. At 18 months of age, they can name
body parts on request and start to use word combinations. By
2 years of age, children have a vocabulary of many words and
can speak in simple sentences. A 9-month-old child can look
for an object after being hidden, demonstrating their grasp of
the concept of object permanence. Before the development of
expressive speech, infants of one year age can indicate their
desire by pointing or gesture. They demonstrate definition
by use of common objects like cup, brush, comb and spoon.
Symbolisation occurs at 18 months with the child imitating
the mother’s household chore or feeding a doll. Between 18
months and 22 months, children can engage in constructive
symbolic play with toys of miniature.

Both expressive and receptive language involves three
important aspects, namely, phonology and articulation,
semantics and syntax. The coordinated neuromuscular
mechanisms, which produce the desire sequence of phonemes,
constitute expressive phonology. The neurological process
involved in the identification of the phonemes in a spoken
message is referred to a receptive phonology. Semantics
refers to the process involved in relating a spoken word to
its meaning. In most cases, a thought cannot be expressed
simply by a single word. In constructing a spoken message,
syntax governs the particular order of words as they appear
sequentially in speech. Syntax also governs the use of tense,
plurality, grammar and the relationship between the different
words. Syntactic process works in conjunction with the
semantic process in deriving the meaning conveyed by a
sequence of words. The use of two to three word combinations
in young children involves the omission of function words,
which are used in the more complex adult speech. The
simple word combinations also reflect the reduced memory
capacity of young children. By 3 years of age, a child can use
plurals, pronouns and prepositions (e.g. under, behind, in
front of) in their speech. Most young children are disfluent,
but a child should be wholly intelligible and have few
infantile substitutions or consonant substitutions at the age of
4 years. As children become older and with experience, they
incorporate new rules and expand rules already acquired,
in such a fashion that their speech becomes progressively a
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close approximation to the syntactic structure characteristic
of adult speech. After the age of 6 years, children are able
to engage in a long conversation with family members and
their peers. They can perform simple tasks in command. At
7 years of age, children are able to express their thoughts in
speech and writing.

As the number of children raised in bilingual or
multilingual families increases, paediatricians should
have some knowledge of the normal patterns of bilingual
language acquisition. A child may acquire two languages
simultaneously with an initial undifferentiated simple
language composed of elements from both languages. By 2-3
years of age, the child begins to be able to differentiate the
two languages. The child can use the appropriate language
when speaking to a particular person or in a particular
environment (e.g. home or school). Normal children in
bilingual families can also acquire the two languages in a
sequential manner. In this situation, the first or dominant
language is acquired first in the usual manner and then the
children develop an understanding of the second language
drawing on the experience with the first language. There may
be a period of selective mutism before the child can switch
from one language to the other proficiently. Bilingualism
may contribute to delay in language development, but is not
a cause of disorder of language or cognitive development.
Parents should be consistent in setting the boundaries for
where each language is spoken.

SOCIAL DEVELOPMENT

By 4 weeks of age, babies show social smile in response to
the caregiver and enjoyment to cuddling, bathing and the
voice of the mother. At 6 months of age, a baby is able to
finger feed and is more wary of strangers. A child can drink
from a cup with help and enjoy songs and nursery rhymes
at 9 months of age. They also desire a comfort object (like a
soft toy, cloth or blanket) and become anxious when they are
separated from their caregivers (separation anxiety). Babies
can play pat-a-cake or wave bye-bye and show affection to
family members towards the end of the first year. At 18
months, they can feed themselves with a spoon and they can
feed themselves properly using knife and fork at 4 years. The
age of achievement of bladder and bowel control is variable,
but is usually towards the end of the 2nd year of life, but
bedwetting at night can persist into mid or late childhood.
Beyond 2 years of age, children are increasing mobile and
are curious and interested in exploring their environment.
They can help with dressing and bathing. They can manage
to use the toilet independently by age of three years. At
the age of 4 years, they can groom and dress themselves
and brush their teeth. At age of 18 months, children are



26

contented to play by themselves; at 2 years of age they still
play alone or alongside other children (parallel play). At 3
years of age, they start playing with other children and start
making friends. They share toys and develop the concept of
being helpful to others.

EMOTIONAL AND COGNITIVE DEVELOPMENT

Soon after birth, a baby demonstrates a keen interest
in human faces and voices. They also become aware
of other sensations like hunger and noxious stimuli and
respond to unpleasant sensations by crying. Even at one
month, a baby exhibits different dimensions of behaviour
like activity, placidity, irritability, excitability and anger
regulation that is commonly referred to as temperament.
Infants with different temperament are at increased risk
of behavioural problems in later life. The bonding of a
baby with the parents depends on the baby’s temperament
and the personality, sensitivity and caring nature of the
parents. At 6 months of age, a baby already becomes
aware of the emotional state of the parents or caregiver
through their actions and their voices. Secure attachment
relationship between infant and mother, and to a certain
extent, with fathers and caregivers is established towards
the end of the first year of life. Secure mother-infant
bonding buffers a baby against the short-term influence of
adverse psychosocial effects in childhood development. By
one year of age, infants start to develop their own sense of
identity. They have fluctuating moods, occasionally throw
temper tantrums, but also show affection towards familiar
people. In the next 2-3 years, young children become
increasingly aware of other people’s intension desires and
emotions. They begin to show empathy (comfort a crying
baby). They are inquisitive and constantly ask questions.
They recognise primary colours (30 months) and begin to
grasp the concept of numbers and time. They play and
communicate with other children. They have increased
memory capacity, and reasoning and problem solving
skills. They can remember and give an account of past
events. Children learn by observing and experiencing
repeated stimuli and social situations, imitating, and
experimenting with speech and actions. They apply a set
of concrete rules for exploring and interacting with the
outside world. Their ability to appreciate logical arguments
improves with age. They become aware of their body
image and develop self-esteem. Their self-concept becomes
differentiated and they begin to realise that they are not
always competent in different developmental domains.
During middle childhood, children further develop their
fundamental skills of reading, writing, mathematics, long-
term memory and recall. They are able to comprehend
complex instructions. Significant amount of learning
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is acquired during the school hours. Adolescence is the
period of transition from childhood to mature adulthood
with physical maturation and acquisition of reproductive
capability and socioeconomic and independence from
the family. With the increasing number of young people
entering into tertiary education, this period of adolescent
development has been lengthened in the developed world.
Adolescents become increasingly competent in logical and
scientific reasoning and these abilities are reflected in their
ability to analyse and solve problems in mathematics and
science and formulate arguments and opinions in different
fields of study. They are able to think in abstract terms
and develop an understanding of issues like responsibility,
morality, peer relationships and sexuality.

DEVELOPMENT ASSESSMENT

A comprehensive child health assessment would not
be complete without a proper developmental history,
examination and assessment of emotion and mental well-being
of the child. To obtain a developmental history of children
ask the parents open-ended questions and to elaborate on
developmental concerns, if any, and provide them examples
of their concerns. A paediatrician should be able to identify
“developmental red flags” (Table 2.1), developmental delay,
disordered developmental sequence and developmental
sequence, and developmental regression. Observations and
interactive assessment in different developmental domains
(gross motor, fine motor, visuospatial coordination, language
and speech, emotion and social behaviour, cognition, hearing
and vision) should be carried out. After assessment, a profile of
developmental abilities and difficulties should form the basis
for the necessity of referral for multidisciplinary specialist
assessments by developmental paediatrician, psychologist,
speech, physiological and occupational therapists.

Table 2.1: Developmental “red flags” in infancy and early childhood

* No visual following by 8 weeks and poor eye contact
* Uncoordinated eye movements with head turning after 3 months

» Persistent fisting (especially with thumbs adducted across the
palms beyond 3 months)

» No head control by 6 months

» Not sitting independently by 10 months

» Unable to walk alone at 18 months

* No pointing to show demand or interest by 14 months
» No words with meaning by 18 months

» Not joining two words by 30 months

» Features of pervasive developmental disorders (compulsive and
ritualistic activities, severe language delay, poorly developed
social relationship, abnormal attachment to inanimate objects,
inappropriate affect and tantrums, developmental delay)
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Intelligence tests have been used to assess the innate
cognitive ability, and to indicate deficiencies of different
domains of development in a child who is struggling and
under achieving in school. The Wechsler Intelligence Scale
for Children (WISC III and IV) is one of the most widely used
intelligence quotient (IQ) tests and has been translated into
many languages and validated. Some Wechsler subtests do not
require skills in English and may be used to address referrals
of non-English speaking children for certain developmental
problems. The tests provide four index scores reflecting verbal
comprehension, perceptual reasoning, working memory and
processing speed. An IQ test is the first step towards the
assessment of specific learning disabilities and the provision
of support and intervention for children with difficulties in
schools. A high IQ score, however, does not guarantee future
success in life. Children with an uneven developmental profile
on IQ testing requires further specialist neuropsychological
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assessment using specialised test instruments for memory,
visuospatial skills, language, attention, motor skills, social
cognitive and planning and execution of tasks.

In recent years, there is increasing demand for
paediatricians to develop skills in dealing with children
with behavioural and emotional disorders. Measurements
of behavioural and emotional well-being and adjustment
in children and their family members can be achieved
using the child behaviour check list (CBCL) for parents,
teachers and older children. Paediatricians should be aware
of common presentations of such disorders and have some
knowledge of neuropsychological test instruments for the
assessment of childhood depression, anxiety, obsessive-
compulsive, attention deficit hyperactivity disorders and
eating disorders and conduct disorders. These conditions
have been discussed in greater details under the different
chapters of this book.



Samuel E Ibhanesebhor, Chikkanayakanahali Manjunatha,
Syed Rehan Ali, Zulfiqar Ahmed Bhutta

Neonatal Paediatrics

INTRODUCTION

Neonatal medicine has made great progress in the last few
decades with increased survival of preterm babies, and is now
focusing its effort to improve the quality of the survivors.
Administration of antenatal steroids to mother with threatened
labour below 34 weeks of gestation, surfactant administration,
availability of trained personnel, and improved temperature
control at birth, benchmarking, sharing of good practice has
changed the face of neonatology. Babies are born in better
condition and survival has improved significantly.

However, there remains a lot to be done to make this care
universally available. Neonatal mortality (death during first
4 weeks of life) still remains high in low and middle income
countries and there is a need for effective strategies to address
this. Majority of these deaths could be prevented by simple
measures like improved care at delivery, early treatment of
sepsis in newborn babies, administration of tetanus toxoid to
mother, and the promotion of breastfeeding. Also important
is to educate the parents about hygiene, maintaining adequate
temperature and when to seek medical attention. This chapter
is intended to give a general overview of common neonatal
conditions and its management.

NEONATAL RESUSCITATION

Although the vast majority of babies do not need any help at
birth, some do. Although there may be warning signs, some
babies are born unexpectedly in poor condition. It is therefore
important that all personnel involved in the delivery and
management of the newborn baby are well versed in basic
resuscitation. A person trained in advanced resuscitation
should be readily available. If the delivery of a compromised
baby is anticipated, a team of experienced clinicians should
get to the delivery suite in advance and check the equipment
is in working order. Discussion should take place with the
obstetrics team to obtain the necessary antenatal information
like presence of foetal distress and likely gestation of the

baby. They should introduce themselves to parents and
explain the reason for their attendance at delivery.

Animal studies have demonstrated that at the onset of
acute hypoxia, baby’s breathing becomes rapid and deep
and heart rate and blood pressure increases. If the insult
continues, baby will enter into primary apnoea, with an
immediate drop in heart rate probably vagally mediated. If
the insult continues, gasping respiration at a rate of 12 per
minute mediated by spinal centres results, and the heart rate
will continue to fall and the baby becomes pale. If the acute
insult is not halted, the baby will enter into terminal apnoea
with further fall in heart rate, with the heart rate eventually
stopping. During this process, there will be change in
blood pressure, carbon dioxide and oxygen levels. The
measurements of these are not available in “labour room acute
emergencies”. Fortunately, they are not needed for decision-
making in neonatal resuscitation. Doctors need to assess only
respiratory effort, heart rate, tone and colour of the baby
to assess the need for resuscitation and this is reassessed at
30 seconds interval to check the response to resuscitation.

The colour of the baby is only really important, if the
baby is pale after delivery.

If the baby is born apnoeic, it is difficult to tell whether
it is primary or secondary apnoea, however, irrespective
of which, the resuscitation sequence is the same and
effective. It is important to document baby’s condition at
birth, presence or absence of gasp and the response of the
baby to the resuscitation measures. Although Apgar score is
widely used, it is not very useful in the immediate decision
for resuscitation. Moreover, certain factors like prematurity,
maternal sedation and general anaesthesia may affect the
scoring. Traditionally, Apgar score is recorded at 1, 5 minutes
and subsequently at 5 minutes interval. If it is obvious that
the Apgar score is low secondary to maternal sedation or
general anaesthesia, it should be clearly documented.

Babies are born wet from warm intrauterine environment
to relatively cold dry environment geared towards the
mother. Therefore, babies can lose heat very quickly. The
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babies who are cold have increased oxygen requirement and
are difficult to resuscitate. They are more likely to develop
metabolic acidosis and respiratory distress from surfactant
deficiency. They lose heat through conduction, convection,
radiation and evaporation. To minimise the heat loss to
place the baby on warm surface (reduce heat loss through
conduction), keep the windows and doors closed (to prevent
heat loss through convection), keep the surroundings as
warm as possible (to prevent heat loss through radiation) and
dry the baby, remove the wet towel and cover with warm
towel (mainly to reduce heat loss through evaporation). Most
babies start breathing spontaneously and do not need any
further intervention. There is no need to routinely suction the
nose or oropharynx of these babies, they should be wrapped
in warm towel and given to the mother.

If the baby is not making any spontaneous respiratory
effort or has poor colour, dry and cover the baby and covering
in warm towel, position the head in a neutral position. Assess
the colour, tone, respiratory effort and heart rate. If the baby
is not making any respiratory effort or heart rate is low or
absent, give five inflation breaths. The inflation breaths are
at 20 cm water pressure, each lasting for 2-3 seconds to
open the lungs and displace the lung fluids. It is important
that an appropriate sized mask is used. The initial one or
two breaths may not show chest movements. With successful
air entry into the lungs the baby’s heart rate will improve
first then the colour. If subsequent breaths do not produce
chest movements, check the baby’s neck position, reassess
the technique, mask size and seek for help early rather
than late. There is no point in doing chest compressions, if
effective breaths are not given. If the problem persists and
doctors are not able to get chest movements, consider “two
person technique”—one person holding the mask with jaw
thrust and another giving the inflation breaths or the use of an
appropriately sized guedel airway. Only after getting good
chest movement, chest compression be considered.

After inflation breath, reassess the baby. If baby is
making good respiratory effort, has good colour and heart
rate is above 100, wrap the baby in warm towel and give him
or her to mom. If the baby’s colour and heart rate is good
but not making good respiratory effort, continue ventilation
breath at the rate of 40 per minute. Ventilation breath
should be long enough to produce chest movements. The
poor respiratory effort may be related to maternal sedation,
opiate administration or general anaesthesia for caesarean
section.

If in spite of good chest movements with inflation breath,
heart rate and colour does not improve; consider chest
compression if heart rate is less than 60 per minute. The
purpose of chest compression is to achieve oxygenation of
the heart through the supply of oxygenated blood to the
coronary arteries to perfuse the heart. This is in contrast to
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adults, where cardiac compression is aimed at maintaining
blood supply to brain. Newborn’s heart is healthy and
any bradycardia or asystole is usually due to a respiratory
problem or absent heart sounds is secondary to respiratory
failure. This is the reason why there is no point in starting
chest compressions unless chest expansion is achieved.

The heart rate and chest compression should be
alternated at the ratio of 3:1. Although recommended chest
compression is 120 per minute and respiratory rate is 40 per
minute, it is difficult to achieve these rates under emergency
situation even by those experienced in resuscitation. It is the
quality of the resuscitation, which is more important than the
number. Therefore a lower rate may be acceptable provided
it is effective. Reassess the baby after 30 seconds of each
intervention as the babies usually respond within 20 seconds.

Some babies may not respond to the above measures and
need medications, but it is very rare. It is important that secure
airway is established—sometimes by intubation, ensuring
chest movements and effective cardiac compressions.

Only a small number of drugs are used in neonatal
resuscitation—adrenaline, 4.2% sodium bicarbonate and
10% dextrose. The resuscitation should continue and access
should be obtained. It is easier to obtain central venous
access in neonatal period through the umbilical vein.
Adrenaline in the dose of 10 micrograms per kilogram
(0.1 ml/kg of 1:10,000) should be administered followed
by normal saline flush. If venous access is not available,
higher dose of 100 micrograms per kg may be given through
endotracheal tube. Continue cardiopulmonary resuscitation
and reassess after 30 seconds, if the baby does not show
any response, administer sodium bicarbonate 4.2% (2 ml/
kg) followed by adrenaline 30 micrograms per kg (0.3 ml/
kg of 1:10,000). The administration of sodium bicarbonate
is to correct the acidosis in the myocardium allowing for its
responds to adrenaline. It may also be useful to give 10%
dextrose 2.5 ml/kg through umbilical venous line to correct
any hypoglycaemia.

If volume loss has occurred from maternal haemorrhage,
normal saline bolus 10 ml/kg or uncross-matched O Rhesus,
negative blood may need to be infused. Sometimes, in spite
of all efforts, the baby may not survive. Generally, if after
effective resuscitation of 10 minutes, there is no response,
resuscitation may discontinued. The decision to discontinue
the resuscitation measures should be taken by the most senior
clinician available. It is helpful to have cord blood gas during
resuscitation.

If a baby has had prolonged or significant resuscitation
or the sequence of resuscitation requirements and presents
with gasps agonal respiration they should be admitted to
the neonatal unit for close observation. They are at high-
risk of developing hypoxic ischaemic encephalopathy and
seizures.
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The baby should be started on antibiotics if infection is
suspected. Renal and hepatic functions should be monitored
closely. As they are at risk of renal impairment and syndrome
of inappropriate secretion of ADH, fluids may need to be
restricted. Blood glucose, hypocalcaemia, hypomagnesaemia
and hyponatraemia should be corrected as appropriate.
If the baby develops seizures, they should be treated with
anticonvulsants like phenobarbitone, phenytoin, lorazepam.
Elevated temperature should be avoided.

Some babies may qualify for “total body cooling” therapy
to improve survival and neurodevelopmental outcome. Every
baby who needs resuscitation should be carefully assessed to
see whether they meet the criteria for “total body cooling”.

Most importantly clear documentation of the sequence
of events at resuscitation cannot be overemphasised. Parents
should be updated and counselled regarding the prognosis
particularly for long-term outcome.

Unsuccessful resuscitation can be very stressful to the
team and therefore de-briefing at a later date to go over the
resuscitation to learn and improve. Date is a very useful
exercise.

HYPOXIC ISCHAEMIC ENCEPHALOPATHY

Most babies require little or no help at birth and will go on
to have a normal transition into the neonatal period. A small
percentage of those who receive significant resuscitation
develop hypoxic ischaemic encephalopathy. There are many
predisposing factors, including postmaturity, cord prolapse
and maternal conditions like abruption placenta, antepartum
haemorrhage, uterine rupture, etc. As discussed in the
previous section, a baby who is acutely asphyxiated will go
through a period of primary apnoea into terminal apnoea,
if the hypoxic insult is not terminated early. The antenatal
cardiotocograph (CTG) recording during labour may give
valuable information prompting early intervention. The
abnormalities include foetal bradycardia, tachycardia and
decreased variability. In these situations, the foetal scalp pH
helps in decision-making. If time permits the neonatal team
should be present during the delivery ensuring adequate help
and preparation.

In the face of acute asphyxia, nature initiates the dive
reflex this diverts blood away from nonessential organs to the
brain, heart and adrenal glands. This is called the dive reflex.
If the insult continues, the brain will ultimately be affected.
Some babies may not show any dive reflex and develop an
encephalopathy with no dysfunction in the kidneys or liver.
It is important to remember that the sequence of events
described may be different in a baby who is chronically
compromised but develops a secondary acute insult.

Any baby who needs significant neonatal resuscitation
should be admitted to the neonatal unit for observation.
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Depending on the severity, clinical manifestations will differ.
It may be mild (Sarnat stage 1), moderate (Sarnat stage 2) or
severe (Sarnat stage 3). In Sarnat stage 1, the baby is usually
hyper-alert with predominant sympathetic activity. In Sarnat
stage 2, the baby develops seizures, and may be hypotonic
with parasympathetic over-activity. In sarnat stage 3, baby
is in a very poor condition and often comatose. It is very
important to document the neurological status at the time of
admission and regularly thereafter.

These babies are at risk of seizures, renal failure, hepatic
dysfunction and syndrome of inappropriate secretion of
ADH. Fluid should be restricted to 40-60 ml/kg per day and
blood glucose should be maintained. Hyperthermia should
be avoided. If facilities are available, cerebral function
monitoring should be done to assess the severity of cerebral
dysfunction.

The baby should be examined to document the
neurological findings and suitability for therapeutic cooling
(total body cooling). The need for continued resuscitation at
10 minutes of age, Apgar score of less than 5 at 10 minutes,
cord base deficit of 16 or more and abnormal cerebral
function recording are some indications for therapeutic
cooling. Cranial ultrasound scan may give more information
like any intracranial bleed and abnormal cerebral resistance
index.

Baby should be started on antibiotics if infection is
suspected—bearing in mind that a baby who is infected
might not have been able to cope with the stress of labour
thus developing the hypoxic ischaemic encephalopathy.
Any electrolyte abnormality including hypocalcaemia and
hypomagnesaemia should be corrected. If the baby is
significantly affected, feeds are generally withheld for 24-48
hours and started only if baby is stable and making progress.
This is to prevent the risk of necrotising enterocolitis (NEC)
in a gut that has experienced decreased blood flow.

These babies should have a magnetic resonance imaging
(MRI) scan of the brain and an electroencephalography
(EEG) usually during the 2nd week of life. MRI scan may
show abnormality in the basal ganglia, highlighting of the
posterior limb of the internal capsule and also cerebral
cortex.

They should be followed up in the neurodevelopmental
clinic. They benefit from multidisciplinary input from
speech and language therapist, physiotherapist, occupational
therapist, ophthalmologist and community paediatrician.

Parents should be kept informed throughout the neonatal
course and discussions should be on-going with regard
to long term process. The uncertainty as to the extent of
any neuro should be highlighted. If the baby is severely
compromised with significant brain injury and neurological
outcome is expected to be extremely poor, withdrawal of
intensive care should be considered and discussed with the
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parents and members of neonatal team. It is also a good
practice to obtain second independent opinion before care is
withdrawn. It cannot be overemphasised that the decision-
making process is clearly documented in case notes.

WHOLE BABY HYPOTHERMIA

Moderate induced hypothermia (cooling) to a rectal
temperature of 33 - 34°C improves survival and neurological
outcomes to 18 months of age in infants with moderate to
severe perinatal asphyxia encephalopathy. The BAPM and
NICE guidelines 2010 recommend that babies presenting
with moderate to severe neonatal encephalopathy within the
first few hours after delivery should undergo therapeutic
cooling and that all infants who are cooled should be entered
on the TOBY register All infants who undergo therapeutic
cooling should have a formalised developmental assessment
at 2 years of age.

Clinical/Eligibility Criteria

Infants with evidence of moderate to severe perinatal
asphyxia HIE (hypoxic ischaemic encephalopathy) according
to the following inclusion criteria:

1. Age: < 6 hours of age.

2. Gestational age at birth: = 36 weeks.

3. Evidence for foetal acidaemia.

e Apgar score < 5 at 10 minutes after birth.

® Blood gas (cord or within first hour of life): pH < 7.0
with base deficit > 16.

e Continue need for active resuscitation at 10 minutes
of age (including endotracheal or mask ventilation)
and or need for external cardiac massage, adrenaline
during resuscitation.

4. Evidence of moderate to severe encephalopathy based on
clinical features

e Altered state of consciousness (reduced or absent
response to stimulation) and

e Abnormal tone (focal or general hypotonia, or flaccid)
and
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e Abnormal primitive reflexes (weak or absent suck or
moro response).
The criteria for defining moderate
encephalopathy are listed in Table 3.1.

and severe

Contraindications to cooling treatment include:

e Life limiting congenital abnormality or abnormalities
indicative of a poor long term outcome.

e Moribund infant with persisting severe encephalopathy
such that further treatment is likely to be futile -
reorientation of care following initiation of cooling
should be considered as a reasonable option following
necessary detailed assessment and wide consultation with
parents and other health care professionals.

¢ Infant requiring imminent or immediate surgical treatment
during the first 3 days of life.

Indication for discontinuing cooling before 72 hours of

treatment:

¢ Infant with normal aEEG in the subsequent 6 hours after
initiation of cooling and clinical signs consistent with
mild neonatal encephalopathy.

e Moribund infant with severely abnormal signs of neonatal
encephalopathy including aEEG features in whom death
or severe neuro-disability is the inevitable outcome.

All standard monitoring specific to the care of an infant
receiving intensive care should be maintained up to at least

24 hours after re-warming of the infant.

Methods of Initiating and Maintaining Cooling

During whole body cooling the target rectal temperature of
33-34°C for 72 hours, followed by slow rewarming over 12
hours to 37.2°C (normothermia).

Passive Cooling

¢ This may be undertaken following resuscitation and prior
to transfer to the Neonatal Unit where active cooling
should be carried out.

Table 3.1: The criteria for defining moderate and severe encephalopathy

Parameter

Level of consciousness

Moderate encephalopathy

Reduced response to stimulation

Severe encephalopathy

Absent response to stimulation

Spontaneous activity Decreased activity No activity
Posture Distal flexion, complete extension Decerebrate
Tone Hypotonia (focal or general) Flaccid
Suck Weak Absent
Moro Incomplete Absent
Pupils Constricted Constricted
Heart rate Bradycardia Variable
Respiration Periodic breathing apnoea
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e Commence continuous rectal or axillary temperature
monitoring.
Turn off incubator or open thermal cot, open portholes.
Adjust covering (blankets) or consider use of fan if
temperature outside target temperature.

Active Cooling

e Carried out using appropriate cooling machine.
Servo control mode is preferred.
Manual control mode may be used in exceptional
situations.

Re-warming

e To be commenced after 72 hours (or earlier if clinical
circumstances dictates).

e The rectal temperature should be allowed to rise by no
more than 0.2-0.3°C per hour to 37 +0.2°C.

e The infant’s temperature must be monitored for 24 hours
after normothermia has been achieved to prevent rebound
hyperthermia that might be detrimental.

Support Care

Ventilation

The need for mechanical ventilation may be required.

Cardiovascular Support

e Alternations in heart rate and blood pressure are common
during cooling; the heart rate is reduced and blood
pressure increased with reduction in body temperature.
Most infants with rectal temperature of 33-34 (the target
rectal temperature for whole body cooling) will have a
heart rate around 100 bpm and a mean blood pressure
>40 mmHg.

® A rapid rise in body temperature may cause hypotension
by inducing peripheral vasodilatation.

e (Causes of hypotension should be sought and appropriate
treatment given. Treatment with volume replacement
and/or inotropes should be considered if mean arterial
blood pressure is <40 mmHg.

Analgesic and Sedative Therapy

e The signs of distress include tachycardia, facial grimacing
and irritability. A heart rate consistently above 100 bpm
in cooled infants suggests that the infant is distressed.

e Ventilated babies may be sedated with intravenous
morphine, maximum loading dose 50 microgram/kg
over 30 minutes followed by 10-20 micrograms/kg/hour.
Morphine may need to be discontinued after 24-48 hours
to lessen the risk of accumulation and toxicity.
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® Non-ventilated infants who appear distressed should be
sedated with chloral hydrate, 50 mg/kg with respiratory
monitoring.

Management of Seizures

Phenobarbitone is first line, followed by Phenytoin and then
Midazolam.

ROUTINE NEWBORN EXAMINATION

All new born babies should have get their first examination
6-12 hours after birth preferably after 24 hours. This is an
opportunity to pick up any life-threatening conditions. It is
also to reassure the parents that baby is normal or to explain
any abnormal findings. Many times doctors might have had
warning about abnormalities noticed during antenatal scans
or by the nursing staff in the labour room. It is important
to review the maternal notes for any risk factors for sepsis
like maternal pyrexia during labour, prolonged rupture of
membrane (> 18 hours) or preterm labour. Mother’s high
vaginal swab may be positive for Group B streptococci
(GBS). Examine the notes for maternal serology for syphilis,
hepatitis B, HIV and immunity for rubella as well as blood
group and any setting for Rh or ABO isoimmunisation. Any
family history of inherited disorders, neonatal deaths and
developmental dysplasia of hip should be noted.

It is a good practice to speak to (obtain from) the nursing
staff looking after the mother and baby, if any concerns they
may have. Generally babies pass meconium during first 24
hours and urine in first 48 hours. If they have not, they should
be carefully assessed to rule out any renal or gastrointestinal
abnormalities.

Examination of newborn is straightforward but clinicians
need to be flexible during the assessment examining area that
will upset the baby last to use the opportunities. Most of the
congenital anomalies are found around the natural openings.
Apart from the examination of systems, look for any cleft
lip and palate, absence of red reflex, anorectal and spinal
abnormalities. It is important to palpate for femoral pulses
as weak or absent femoral pulses may be an indication of
coarctation of aorta or hypoplastic left heart syndrome.

When the newborn’s eyes are examined with an
ophthalmoscope, the retina glows giving rise to the red reflex.
If it is absent, it indicates cataract or other abnormality in
vitreous or tumour (retinoblastoma). These babies should
be reviewed by an ophthalmologist at the earliest. In some
babies, particularly of Asian descent the retina may appear
pale. If in doubt, it should be reviewed by a senior clinician
or an ophthalmologist.

If the baby has a murmur, it is a good practice to
obtain the oxygen saturations in the lower limbs. If the
saturations are above 96%, serious congenital heart defect
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is unlikely. However, review by a more senior paediatrician
is recommended. This is reassuring to parents and nursing
colleagues.

If a cleft palate is detected, look carefully for any
associated anomalies and assess the feeding and breathing.
Most of these babies will manage to feed well but involvement
of cleft palate team which includes plastic surgeon, speech and
language therapist, dietician and nurse who help to coordinate
the child’s management until cleft palate repair is corrected.

Examination of the hips is also very important. Develop-
mental dysplasia of hip is more common in female infants,
those born by breech presentation and on the left side. Before
examination, make ensure that nappy is removed and baby’s
pelvis is on the bed. First look for leg length discrepancy and
then gently abduct the hips. If the full abduction is possible
on both sides, there is no dislocation. Next step is to look
for hip stability. First fix the pelvis by placing thumb over
pubic symphysis and fingers over sacrum (use left hand if
you are checking right hip and vice versa). Now grasp the
knee joint in the palm of the hand and place thumb over
lesser trochanter and middle finger over greater trochanter.
Gently adduct the thigh at hip and push it posteriorly. If the
hip is unstable, head of the femur will move out of the joint—
Barlow positive. Now gently abduct the thigh by gently
pulling it forward. If the head of the femur moves out of
acetabulum during Barlow’s test, it will move back into the
joint with a clunk. It is called a positive Ortolani manoeuvre.
These babies should have an ultrasound scan of the hip joint
and review by an orthopaedic surgeon. Most of these cases
are managed by splints like Von Rosen’s.

Some of the common findings noted include undescended
testes, preauricular tag, haemangioma, Epstein pears on
the hard palate or gums, hypospadias, positional or fixed
talipes equino varus, erythematous rash (erythema toxicum,
a benign condition) and sacral dimple.

Unilateral undescended testis does not need any
intervention. Normally, it descends by 6 months of age,
if not, it should be referred to surgeons. If it is bilateral,
the baby should be reviewed by a senior paediatrician to
confirm it and to investigate further note that a phallus may
be an enlarged clitoris. Similarly, any ambiguity of genitalia
should be investigated immediately. Congenital adrenal
hyperplasia which may cause virilisation of female could be a
life-threatening condition if not recognised early and treated.
These should have chromosomal analysis, ultrasound scan
of the abdomen and inguinal region to look for gonads and
uterus, blood glucose for hypoglycaemia and electrolytes
(hyponatraemia and hyperkalaemia in congenital adrenal
hyperplasia).

Hypospadias should be assessed for its severity (coronal,
penile and penoscrotal) and for the presence of chordee.
If there are no associated anomalies, the baby should be
referred to a surgeon and parents should be advised against

33

circumcision. In cases of sacral dimple, examine to see
whether the bottom of the pit is visible and for the presence
of any neurological abnormality. If the bottom of the pit is
not visible, the baby should be reffered an ultrasound scan of
the lumbosacral region to rule out the tethered cord.

Female neonates may have vaginal bleed from withdrawal
of maternal hormones and also vaginal mucosal tag is a
benign finding and parents need reassurance.

PERINATAL INJURIES

Through improved obstetric care, the incidence of birth
injuries, has declined but still occur. The types and severity
of the injuries vary depending on the cause of and the process
of the difficult delivery. Conditions like multiple gestations,
abnormal presentations like cephalopelvic disproportion
and large babies, increase the risk of birth injuries. Certain
genetic conditions like osteogenesis imperfecta are also
associated with multiple fractures at birth or thereafter.

Common minor injuries seen are caput succedaneum
(soft tissue swelling of the presenting part, which usually
disappears within few days after birth), cephalohaematoma
(subperiosteal bleeding, common on the parietal region, does
not cross midline,) usually appears after delivery and may
persist for several days to weeks. Application of the ventouse
may produce soft tissue swelling called chignon but on rare
occasions subaponeurotic or subgaleal haemorrhage. If the
haemorrhage is severe, it may result in severe blood loss,
shock and death. Other injuries of the presenting part may
include injuries from scalp electrodes, abrasions and bruises.
Incision wounds may occur during caesarean section.

Application of forceps may be associated with injury to
the facial nerve resulting in 7th cranial nerve palsy. This may
manifest in the form of deviation of angle of mouth to the
opposite side. It usually recovers spontaneously within days
to weeks but may take longer. Rarely, it may leave residual
weakness of the face on the affected side. Management
involves preventing exposure keratitis and reassurance to the
parents.

Another relatively common injury is brachial plexus
injury from shoulder dystocia, injury to C5 and C6 results
in the typical waiter’s tip position—of adduction, internal
rotation at shoulder and extension of elbow (Erb’s palsy), but
with preservation of grasp. Usually it is transient and recovers
spontaneously. Physiotherapy is usually recommended. If
there is no improvement within a few weeks the children
are referred to the brachial plexus injury clinic (a combined
service of orthopaedics, neurology and physiotherapy). The
main thrust of management is to prevent imbalance between
different muscle groups and maximise the function of the
limb. Rarely, extensive damage may include C8 and T1 alone
(Klumpke’s palsy) or together with C5 and C6. Involvement
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of C8 and T1 will result in weakness and paralysis of small
muscles of hand. The diaphragm on the same side too may
be affected. Other uncommon injuries include fracture of
clavicle, humerus and skull.

MECONIUM ASPIRATION SYNDROME

Meconium stained liquor is a relatively common occurrence
with no significant adverse effect but some babies can
develop meconium aspiration syndrome—meconium
aspiration, respiratory distress and chest X-ray changes.
This is one of the dreaded complications due to risk of
persistent pulmonary hypertension of the newborn (PPHN).
Meconium aspiration syndrome is commoner in babies
born postterm and in babies with foetal distress. There is
no evidence to support suction of the baby's mouth and
oropharynx at the perineum before the shoulder. If the baby
is born in a good condition and is crying, no suction is
needed. However, if the baby is in a poor condition or
not making any respiratory effort, the oropharynx and the
vocal cords should be suctioned under direct vision before
starting intermittent positive pressure ventilation. These
babies should be closely monitored and preferably admitted
to the neonatal unit for observation.

It is important to maintain high oxygen saturation in these
babies to prevent development of the PPHN. It is acceptable
practice to start antibiotics after obtaining blood culture. Chest
X-ray may show patchy opacification with air trapping. These
babies are also at risk of pneumothorax. This is due to the
"ball valve" effect of meconium depending on the severity of
the clinical picture. They may require mechanical ventilation,
incubator oxygen, head box oxygen, intubation and ventilation
and inhaled nitric oxide. Many clinicians administer surfactant
may be required for secondary surfactant deficiency resulting
from the effect of meconium. Blood gases should be monitored
for CO, retention and hypoxia, while acidosis should be
corrected as it may worsen the pulmonary hypertension. If
the baby is on inhaled nitric oxide, methaemoglobin should
be monitored. Oxygenation index is particularly useful to
assess the response progress and the need for extracorporeal
membrane oxygenation (ECMO). The current ECMO
practice with the use of venovenous cannulation has reduced
the neurological complications compared to arteriovenous
cannulation used previously. When facilities are not available
for nitric oxide or ECMO, prostacyclin, magnesium sulphate
infusion may be used as pulmonary vasodilator. The baby
may also need other supportive measures like inotropes for
hypotension, correction of coagulation abnormalities and
electrolyte abnormalities.

If facilities are available echocardiogram should
be performed to prevent the error of wrongly labelling
underlying serious cardiac conditions like hypoplastic left
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heart syndrome or cyanotic congenital heart disease as PPHN
from meconium aspiration syndrome. It is also helpful for
monitoring the response to inhaled nitric oxide therapy by
assessing the degree of tricuspid regurgitation.

It is important to remember that babies with meconium
aspiration syndrome may have been compromised in utero
and are risk of developing hypoxic ischaemic encephalopathy.
There are trials comparing the outcome for babies who are
cooled during ECMO compared to babies who were not
cooled during ECMO.

TRANSIENT TACHYPNOEA OF THE
NEWBORN (OR ‘"WET LUNG’)

This is a relatively common condition in babies born by
elective caesarean section due to a delayed resorption of lung
fluid into the pulmonary lymphatic system, this is normally
facilitated by passage through the birth canal and up
regulation of some hormonal activity. Most of these babies
will improve during first few days of life but some develop
significant respiratory distress needing incubator oxygen,
continuous positive airway pressure (CPAP), intubation and
ventilation. Chest X-ray may show fluid in the horizontal
fissure with increased bronchovascular markings.

CYANOTIC CONGENITAL HEART DISEASE

Although congenital heart disease is not very common,
it is important to recognised it early and start appropriate
management.

In foetal life, the gas exchange takes place in the placenta
and the oxygenated blood is carried by umbilical vein to the
right atrium through ductus venosus and inferior vena cava.
Some of this blood is diverted across the foramen ovale to
left atrium. The remaining blood with superior vena caval
return enters right atrium. The left ventricular output mainly
supplies head, neck and upper part of the body. The right
ventricular output is largely diverted to the descending
aorta through the ductus arteriosus. The descending aorta
supplies the lower part of the body and also gives rise to
umbilical arteries which carry blood to placenta. Once the
baby is born, the lungs aerated, and the pulmonary vascular
resistance falls and blood flow to lung increases. The ductus
arteriosus, foramen ovale and ductus venosus closes (Fig.
3.1).

However, if the pulmonary vascular resistance does not
fall as expected, the baby will develop PPHN, similar to
some babies with meconium aspiration syndrome.

Congenital heart disease may be acyanotic with left to
right shunt [atrial septal defect (ASD), ventricular septal
defect (VSD) and persistent ductus arteriosus (PDA)].
This is unlikely to create a major clinical problem in the
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Fig. 3.1: Schematic representation of the foetal circulation

neonatal period as the pulmonary vascular resistance is high
and shunt across the defect is not significant. In cyanotic
congenital heart disease, there is a mixing of oxygenated and
deoxygenated blood causing cyanosis. The mixing can occur
if there is a communication between left and right side of
the heart through ASD, VSD or PDA. If there is no ASD or
VSD, mixing will depend on PDA. If the PDA closes, the
baby will become very unwell and may die. This group of
congenital heart disease which require PDA for the baby’s
survival are called duct-dependent cyanotic congenital heart
diseases—transposition of great arteries is an example.
If it is suspected, the diagnosis should be confirmed by
echocardiography and baby started on prostaglandin infusion
to maintain the ductal patency. The administration of oxygen
should be avoided as this may result in ductal closure. Some
clinicians accept saturations as low as 70%, provided baby is
not very unwell and acidotic. Once the baby is stable, should
be transferred to cardiac centre for further management.
Sometimes, balloon septostomy is carried out to allow the
mixing of blood at atrial level so that closure of ductus will
not compromise the baby and definitive surgery is done later.

Another important cardiac condition is hypoplastic
left heart syndrome where, left side of the heart is poorly
developed. The systemic circulation is maintained by shunting
across ductus arteriosus from right ventricular output.
These babies should be started on prostaglandin infusion to

maintain ductal patency and transferred to specialised centres
for Norwood procedures.

NEONATAL JAUNDICE

Jaundice is common in the neonatal period. If jaundice is
severe it may lead to bilirubin encephalopathy (kernicterus).
Mainly basal ganglia and auditory nucleus are affected,
but any part of the brain is at risk. If unrecognised and
untreated, it may result in death or severe neurodisability
(choreoathetoid cerebral palsy and deafness). Therefore, it is
important to identify jaundice, assess the severity with serum
bilirubin, measurement identify the cause and treat.

Nearly 7 out of 10 normal neonates are jaundiced in first
few days of life. There are several physiological reasons
why they are jaundiced. They have high red cell mass at
birth (due to the relatively hypoxic environment) short red
blood cell life span of approximately 80 days and immature
liver conjugation system, and the increased enterohepatic
circulation due to sterile gut. The jaundice generally appears
on second day of life. It is clinically visible when serum
bilirubin reaches 85 micromoles per decilitre (5 mg/dl).
It increases in severity until day 4-5 and gradually falls
and disappears by day 10. This is known as physiological
jaundice and does not usually require any treatment. It is
important to remember that the physiological jaundice is
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diagnosis by exclusion. Therefore, every jaundiced baby
should be carefully evaluated to rule out pathological causes.

If the jaundice appears on the first day of life even in
preterm babies, it is deemed pathological and severe enough
to require intervention. The same applies if it persists beyond
the usual period; it needs investigation and treatment.

Early jaundice is generally secondary to haemolysis
although it may be secondary to infection, extensive bruising
and concealed haemorrhage. Haemolysis may be secondary
to antibodies, or defects in the red cells structure or enzymes.
Early jaundice, secondary to haemolysis from incompatible
blood group like Rh isoimmunisation is a major cause of
haemolytic jaundice although the incidence is declining with
anti-D prophylaxis in Rh negative mothers. On the other
hand, ABO isoimmunisation is increasing in importance. The
jaundice secondary to ABO isoimmunisation is not severe
enough to require exchange blood transfusion. Other minor
blood group isoimmunisation can also produce neonatal
jaundice. The red cell defects such as hereditary spherocytosis
and glucose-6-phosphate dehydrogenase deficiency, pyruvate
kinase deficiency are not common, but important particularly
when there is no obvious cause to explain the presence of
jaundice or haemolysis.

The decision to treat jaundice is based on the gestational
age of the baby and the postnatal age. Babies who are preterm
should be treated at a lower serum bilirubin level than a
baby born at term. The level of bilirubin needs treatment.
Several factors like general well-being of the baby, severity
of haemolysis, and presence of sepsis should be taken into
consideration in determining the threshold for treatment.

Adequate hydration is important, as dehydration will
increase the serum bilirubin level. Phototherapy and exchange
transfusion are the mainstay of treatment. Phototherapy is
very effective and acts by photoisomerisation and photo-
oxidation of the bilirubin into water excretable forms.
The light with wavelength of 450-500 nanometre (blue
light) is very effective. Effectiveness of phototherapy can
be maximised by increasing the intensity of light (double,
triple or quadruple phototherapy) or maximum exposure of
the body surface. Standard phototherapy units or bilibed or
biliblanket administer phototherapy. The eyes are covered
to protect them from exposure to light. Side effects include
photodermatitis, temperature instability, loose stools and
dehydration.

The effectiveness, availability and the ease of
administration of phototherapy has reduced the need
for exchange transfusion dramatically. In many places,
phototherapy is administered at home with appropriate
support and supervision.

Intravenous immunoglobulins is also effective in
reducing the severity of haemolytic jaundice. It, together
with phototherapy, is very effective and has reduced the need
for exchange transfusion.
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Exchange transfusion is becoming a rare procedure
in developed countries as Rh isoimmunisation is on the
decline and phototherapy is effective. The aim of exchange
transfusions is to remove antibody coated red cells, antibodies
in serum, reduce and correct anaemia. Double volume whole
blood (or reconstituted red blood cells) is used for exchange
transfusion through umbilical blood vessels. It is an invasive
procedure and needs careful preparation, and monitoring. A
person experienced in this procedure should do it.

The estimated blood volume of a term neonate is 85 ml/kg
while that of a preterm neonate is about 100 ml/kg. Aliquots
of 10 ml/kg are used per cycle, with the whole procedure
lasting between 45 minutes and 90 minutes. Monitoring of
vital signs with intermittent assessment of blood glucose,
calcium and haemoglobin is recommended.

In order to ensure no loss of circulating volume, the pre-
and post-procedure central venous pressure should be taken.

Rh isoimmunisation is generally recognised early in
pregnancy and is monitored by ultrasound scans, cerebral
arterial blood flow velocity and sometimes cordocentesis. If
the haemolysis is significant, intrauterine transfusion through
the umbilical cord is advocated. This procedure is usually
carried out in a highly specialised centre. Rh negative blood is
used for this procedure. Most babies may require phototherapy
at birth and sometimes immunoglobulins but rarely exchange
transfusion. They may continue to have on going haemolysis
and may need red blood cell transfusion for several months.
Blood for these transfusions must be CMV negative and be
irradiated to prevent graft versus host reaction.

Case Study

A baby girl (twin1) was born at 28 weeks of gestation by
emergency caesarean section for poor biophysical profile. She,
the recipient of twin-to-twin transfusion, had in utero exchange
transfusion and amnioreduction for ascites. Post-delivery, she
had respiratory distress syndrome (RDS), anaemia, jaundice
and Grade Il intraventricular haemorrhage (IVH) bilaterally. She
developed Staphylococcus aureus septicaemia (vancomycin
sensitive) at 2 weeks of age and was treated with a 14-day
course of intravenous antibiotics (vancomycin and cefotaxime);
cerebrospinal fluid (CSF) examination was normal. She
developed S. aureus thrombophlebitis with abscess formation
in the right upper limb during the course of her septicaemia
and this was drained. By day 14 blood cultures were negative,
the abscess had healed and baby was clinically well. She was
discharged home at the corrected gestational age of 33 weeks
with an outpatient follow-up appointment.

Two weeks after discharge she was readmitted with episodes
of vomiting and apnoea. Cranial ultrasound scan was normal;
sepsis was excluded and a presumptive diagnosis of gastro-
oesophageal reflux was considered although oesophageal
pH study was normal. The vomiting gradually settled over
next 3 weeks without any anti-reflux medications and she was
discharged home.
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In the neonatal follow-up clinic at 41 weeks of corrected
gestational age, her head circumference was noted to be above
the 50th centile (previously it was growing between 10th and 50th
centile). Clinically the baby was well and the cranial ultrasound
scan appeared normal. Subsequent review after 2 weeks showed
a rapid increase in the head circumference (on 90th centile) with
sutural separation and a few dilated scalp veins. The cranial
ultrasound scan at this time showed multiple low echogenic
areas and cranial CT scan established the diagnosis of multiple
brain abscesses with surrounding oedema and a dilated left
lateral ventricle.

Aspirate from the frontal lobe abscess grew S. aureus on
culture. Echocardiogram, abdominal ultrasound, neutrophil
functions and immunoglobulins (including IgG subclasses) were
normal. The brain CT scan prior to discharge still showed fluid
filled areas but a subsequent cranial brain CT scan was reported
to be normal with complete resolution of the abscesses.

This case illustrates how the complications of neonatal
sepsis can develop insidiously and present in unusual way and
also, the importance of growth monitoring.

INTRAUTERINE GROWTH RESTRICTION
OR RETARDATION

In this condition, baby is not able to achieve the expected
growth potential. This should not be confused with the
term “small for gestational age” (SGA), which means
baby’s weight is below 10th centile for that gestational age
irrespective of the cause. Although these terminologies are
used interchangeably, they should be used with caution.

A baby with intrauterine growth restriction or retardation
(IUGR) may be preterm, term or postterm baby. If the baby’s
growth is affected very early in pregnancy, the head size,
length and weight area all are affected—symmetrical [IUGR.
If the growth is affected toward the later part of pregnancy,
head growth is spared but weight is affected asymmetrical
IUGR. The IUGR may be due to maternal or foetal causes.
Maternal smoking, alcohol and substance misuse, poor
nutritional status, multiple pregnancies, maternal ill health
like pregnancy—induced hypertension, chronic renal failure,
poorly controlled diabetes, placental failure to name a few
causes of IUGR.

Intrauterine infections with the TORCHES complex
like cytomegalovirus, rubella, toxoplasmosis, congenital
syphilis, herpes and chromosomal anomalies are some of the
foetal causes of IUGR.

These babies are at risk of increased mortality and
morbidity. Hypoglycaemia, poor temperature control,
polycythaemia, meconium aspiration, poor feeding and
jaundice are common and need close monitoring. NEC and
RDS are also more common in preterm babies who are
growth retarded than babies who are appropriately grown.
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The IUGR secondary to placental insufficiency may be
of variable severity varying from normal placental blood
flow, intermittently or completely absent end-diastolic flow
to reversed end-diastolic flow.

Clinical examination may show a baby who is scrawny
with reduced subcutaneous fat and clinical features
hepatosplenomegaly, purpura and cataract may indicate
intrauterine infection, while contractures could result from
reduced liquor volume.

Investigation and management of these babies is
challenging. Careful analysis of the maternal health and
clinical examination of the baby helps to streamline the
investigations that are required to aid diagnosis. These babies
need supportive care to maintain their temperature, blood
glucose levels. Associated complications like polycythaemia,
jaundice should be managed appropriately. Some of these
babies particularly those with severe IUGR and reversed
end-diastolic flow or intrauterine infections are at increased
risk of adverse neurological outcome.

Prevention of IUGR is important. Promoting the maternal
health by avoidance of smoking, alcohol consumption, good
nutrition, good control of maternal illnesses like diabetes,
hypertension helps to prevent or reduce the extent of [IUGR.
Although most of these babies are delivered normally, some
need to be delivered by elective caesarean section to prevent
adverse outcome like intrauterine death, birth asphyxia or
meconium aspiration syndrome.

Low, Very Low and Extremely Low Birth Weight
Infants

Any baby with birth weight of less than 2.5 kg is termed as
low birth weight (LBW). If the weight is less than 1.5 kg, it is
referred to as very LBW and if below 1kg, the term extremely
LBW is used. These babies are at increased risk of mortality
and morbidity than babies with greater birth weights. The
lower the birth weight, the higher the risks of morbidity.
Babies with birth weight below 2.5 kg can be managed with
measures like keeping them warm and early feeding and
maintaining their blood glucose levels. However, very small
babies may require extensive support including ventilation
and parenteral nutrition. These infants should be cared for
in centres with adequate facilities and clinical expertise,
including dedicated neonatal medical and nursing staff.
Doctors have to remember that many of these babies are born
preterm, which again increases the morbidity and mortality
based on the immaturity associated with their gestation.

PRETERM

These babies may be born preterm, this increases their risk
of morbidity based on the immaturity of gestation. Any baby
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born at before 37 completed weeks of gestation is referred
to as a preterm infant. The threshold of viability is variable
from country to country based on the facilities and consensus
amongst the experts. In the United Kingdom, it is 24 weeks
onwards. The more premature the baby, the higher is the
likelihood of adverse outcome for morbidity and mortality.
Babies born below 32 weeks of gestation are at increased
risk of RDS (surfactant deficiency), NEC, and retinopathy
of prematurity (ROP) and IVH. They are also susceptible to
the risk of infection and long-term developmental problems.
These babies should be managed in neonatal units with
adequate facilities and well-trained staff. A preterm baby
could be small for gestational age, SGA with birth weight
(< 10th centile), appropriate for gestational age (AGA)
(between 10th and 90th centile) or large for gestational
age (LGA) (> 90th centile). Administration of antenatal
steroids for preterm deliveries below 34 weeks of gestation
has reduced the incidence and severity of RDS and other
complications like IVH.

Postnatal Assessment of Maturity

Although gestation is based on first day of last menstrual
period or on the early antenatal ultrasound scans, there are
occasions when this is not available. In those circumstances,
assessment can be performed using various scoring systems
like Dubowitz and Bell’s. These assessments are based on
physical characteristics like skin thickness, presence of
oedema, lanugo, etc. and neurological parameters like tone,
range of movements around joints, etc. To get a reasonably
accurate gestational assessment, it should be done during
first few days of life. It is important to remember that these
assessments would not be accurate if the baby is unwell and
that the accuracy lies within 2 weeks of the gestational age.

Immediate Management of Preterm Infant

When compared to term infants, babies with a lower gestation,
have a higher mortality and morbidity. Advances in medical
technology have improved the survival rate for these babies
who may survive with disabilities and other complications.
In countries with good neonatal care, increasing numbers
of babies born at or below 24 weeks of gestation are surviving.
The best management is to prevent or delay the preterm delivery
whenever possible. If the gestation is less than 34 weeks and
delivery is imminent, administration of antenatal steroids at
least 24 hours before delivery will greatly reduce the severity
of significant problems like RDS, IVH and hypotension.
Preterm delivery can be delayed by the use of tocolytics like
atosiban (oxytocin receptor antagonist), nifedipine (calcium
channel receptor antagonist), indomethacin (prostaglandin
synthetase inhibitor) or terbutaline (beta receptor antagonist).
A delay of up to 48 hours to delivery is sometimes achieved
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by this measure. If the preterm delivery is anticipated, the
senior paediatrician should speak to the parents and counsel
them regarding the survival and morbidity.

At the time of delivery particularly for very preterm
babies, experienced clinical staff experienced in resuscitation
and stabilisation should be in attendance. Delivering the baby
straight into the plastic bag will reduce heat loss and prevents
hypothermia. This has also been show to ensure a normal
admission temperature. If the baby shows signs of significant
respiratory distress, elective intubation and prophylactic
surfactant is of proven benefit. If the baby is born at less than
28 weeks of gestation, and is vigorous, early nasal CPAP is
an option to elective intubation and surfactant administration.
If the baby requires respiratory support, excessive positive
pressure and tidal volumes should be avoided to prevent
volutrauma and barotrauma. It is important to remember that
most of these babies need support and stabilisation rather
than resuscitation.

The increasing use of early nasal CPAP at resuscitation
and thereafter, has resulted in fewer babies intubated and
receiving endotracheal surfactant.

Clinical Features

The clinical features of preterm baby depend on their
gestational age not only in terms of weight but also in their
appearance. Babies who are born near term (33-36 weeks of
gestation) may not appear very different from term babies.
They are now recognised to have other morbidities and
outcomes, which are different from the term or more preterm
babies. Preterm babies have less subcutaneous fat, are often
oedematous and may have extensive lanugo a larger head and
large body surface area.

Management: The main thrust of management is to maintain
their body temperature, achieve adequate nutrition and
provide support for various systems. If the baby is born at
35-36 weeks and is appropriately grown, baby may stay
with the mother in the postnatal ward with support from the
midwives. Some of them may need heated cot. If the baby is
born at less than 35 weeks of gestation, he or she should be
managed in the neonatal unit.

Maintenance of body temperature: Aim to maintain the
baby’s body temperature within normal range of 36-37°C
with minimal oxygen consumption—the thermoneutral
environment. Incubator care is generally needed for more
premature babies. Gestational age and presence of other
clinical conditions should be taken into consideration. Some
preterm babies particularly those born between 33 and 35
weeks may be able to maintain their temperature in a cot,
others may need heated cot. Importance of suitable clothing,
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hat, mittens and blankets cannot be overemphasised in
this group of babies. The incubator temperature should be
maintained according to the gestational age of the infant. In
general, the lower the gestation, the higher is the incubator
temperature. Transepidermal water loss also contributes
towards excessive heat loss from the baby’s body. Therefore,
high humidity should be maintained, if the baby is very
premature till the baby’s skin is mature. Dehydration is
known to result in electrolyte derangement, poor growth and
temperature problems like dehydration fever.

Nutrition and the Preterm Infant

Nutrition is extremely important to prevent both short-term
morbidities and adverse long-term outcomes. It is almost
impossible to replicate intrauterine nutrition postnatally in
preterm babies. There are two determinants—ability of baby
to suck and swallow feeds and second is the ability to tolerate
the feeds. The more preterm the baby is the greater are these
problems. More mature and bigger babies may be started on
nasogastric or suck feeds based on their maturity.

Preterm babies with birth weight of less than 1,500 grams
are usually started on total parenteral nutrition (TPN) along
with lipids during the first few days of life. The regimen is
to start these babies of sodium free TPN day 1 at 90 ml/kg
and increase by 15 ml every 24 hours until volume of 180
ml/kg is achieved. The standard TPN replaces sodium free
TPN after 48 hours. The protein intake should be maximised
to about 2.5 gm/kg/day—3.0 gm/kg/day. Start 20% lipid
infusion (combination of intralipid” 20% and vitlipid” infant)
on day 2 to 3 at 0.5 g/kg per day and increase it by 0.5 g/kg
per day to a maximum of 3 g/kg per day while maintaining
serum triglycerides within normal limits (serum triglycerides
< 1.5 mmol/L, rate increased from 1.5 to 2.0 mmol/L, rate
maintained > 2.0 mmol/L, infusion stopped).

Normally feeding is started 24-48 hours after birth at
a rate of 15 ml/kg per day and maintained for 24 hours
administered as hourly boluses. It may then be increased
with reduction in parenteral fluids by 15 ml/kg every 12
hours as tolerated until full enteral feeds were achieved. It
is important to monitor electrolytes on daily basis so that
electrolytes in TPN are adjusted accordingly.

Expressed breast milk from the mother is the preferred
milk. It is important to encourage and give information
regarding breast milk to the mothers so that supply is
maintained by adequate frequent expressing. If breast milk
is not available or inadequate, formula feeds are started.
There is a great variation in the practice, some units use
hydrolysed formulae, others use term formula or preterm
formula to start. In places where donor breast milk is
available, it is preferred over formula feeds as it is better
tolerated and still has anti-infective properties in spite of
freezing and pasteurisation. In babies taking a long-time to
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establish adequate enteral nutrition, optimise protein content
up to 3 g/kg per day in TPN to achieve adequate nutrition.
The neonatal pharmacist and dietician play an important role
in the care of these babies.

Our practice is to, necrotising enterocolitis is a life-
threatening complication in this group of babies. We aspirate
gastric contents every 6 hours. Aspirates measuring less than
or equal to 50% of the total feed volume in the previous 6
hours are returned and feeding continued. If the aspirates
are more than 50%, feeding is stopped, baby is reviewed
and if clinical examination is normal, feeds are restarted at
lower rate and increased rapidly to achieve the previous rate
and then increased as done previously. Once the baby is on
full enteral feeds, feeding interval is increased initially to
2 hours, then 3 hours and finally to 4 hours before baby is
ready to be discharged.

Immaturity of the Organ Function

The skin in preterm infants is thin and fragile. The excessive
transepidermal loss of water has already been discussed.
Immaturity of kidneys is manifested by the baby’s inability to
either dilute or concentrate beyond certain point as well as to
reabsorb the electrolytes. Therefore, monitoring the urinary
output and serum electrolytes in preterm babies is important.
Preterm babies have limited reserves of glycogen, fat and
gluconeogenesis, and are at high-risk of hypoglycaemia
during first few days of life. In very preterm babies, insulin
production is limited; this coupled with insulin resistance of
the tissues may result in hyperglycaemia. Hyperglycaemia
may produce osmotic diuresis, dehydration and electrolyte
imbalance. Feed intolerance, manifesting as increased
gastric aspirates, bile stained aspirates and abdominal
distension is another major problem.Though rare, when
hyperglycaemia persists with the need for insulin therapy to
achieve normoglycaemia, the diagnosis of transient neonatal
diabetes mellitus should be considered.

Respiratory Disorders
Apnoea

Prolonged respiratory pauses (more than 20 seconds)
in preterm infants may be associated with cyanosis and
bradycardia. Although these may be related to immature
respiratory centre particularly in babies born below 34 weeks
of gestation (apnoea of prematurity), they may be a feature of
underlying illness. Therefore, the baby should be evaluated
to rule out sepsis, hypoglycaemia and respiratory illness
(viral, aspiration, bacterial infections). Management includes
treating the underlying condition, while caffeine citrate is
useful for apnoea of prematurity. If the episodes are frequent
the baby is at risk of significant hypoxia and may be managed
with CPAP or ventilation.
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Respiratory Distress Syndrome

This was previously called as hyaline membrane disease,
which is a pathological diagnosis. This condition is due to
surfactant deficiency. Surfactant reduces the surface tension
at the alveolar surface and prevents their collapse at the end
of expiration. Babies of lower gestation have a higher risk of
and severity of RDS. The clinical symptoms start soon after
the birth and worsen gradually during first 6 hours of age.
Signs and symptoms include increased work of breathing
(intercostal and subcostal recession), grunting (exhalation
against partially closed glottis to maintain functional residual
volume) and cyanosis with increased oxygen requirement.
The chest X-ray is characteristic with air bronchogram,
generalised atelectasis and reticulogranular opacification. In
the pre-surfactant era, many of these babies died and those
who survived usually got better after 3 days, following a
significant diuresis. The availability of surfactant, CPAP,
and better ventilatory strategies and widespread use of
antenatal steroids has dramatically altered the clinical course
of this illness. Most babies respond immediately to surfactant
with decreased oxygen requirement and reduced work of
breathing. Prophylactic surfactant has led to even extremely
LBW babies been extubated within first 2 days of life.
Surfactant is administered under aseptic precautions through
the endotracheal tube with necessary precautions to make
sure that it is distributed equally to both lungs (endotracheal
tube should be in correct position, the baby should be in
supine position and head is in midline). Initially, oxygen
requirements may be increased but soon there is dramatic
response as lung compliance improves. It is important
to monitor very closely and adjust the ventilator settings
and oxygen requirements to avoid hyperoxia, volutrauma,
barotraumas and hypocarbia (reduced carbon dioxide),
because hypocarbia produces cerebral vasoconstriction and
volutrauma increases the risk of chronic lung disease of
the newborn. The surfactant of bovine and porcine origin
is available and is used based on the local guidelines and
experience.

Persistent Patent Ductus Arteriosus

The ductus arteriosus serves an important function in the
foetal life by diverting the blood from pulmonary trunk into
aorta. It closes soon after birth as the pulmonary pressure
falls. However, in preterm babies, it may not close due to
immaturity of the ductal tissue. As the systemic pressure
is higher than pulmonary pressure, the blood flows from
aorta into pulmonary trunk and to lungs. This has important
implications. Firstly, it increases the preload on the heart
and secondly, it causes pulmonary congestion. The baby
develops tachycardia, wide pulse pressure from diastolic
run off and metabolic acidosis. Babies may develop renal
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dysfunction, reduced blood supply to gut (increased risk of
necrotising enterocolitis) and arterial steal from the cerebral
circulation. The clinical manifestations depend on the extent
of shunting across the ductus and associated morbidities
particularly RDS. Diagnosis is based on clinical findings
and echocardiography to assess the size and the effect of
duct on the heart. One of the common measurement used is
left atrium to aortic ratio. Decision to treat the PDA should
be taken based on careful clinical evaluation. If the baby is
clinically well and PDA is not significant, there is no need
to treat and it may close spontaneously. If it is significant,
it may be managed conservatively (fluid restriction, CPAP)
or by medical management (administration of prostaglandin
inhibitors like indomethacin and ibuprofen) and ductal
ligation (rarely needed). Prostaglandin inhibitors may have
renal and gastrointestinal side effects and may also affect
platelet function. Therefore, decision to treat should be taken
by a senior clinician and parents should be informed.

Intraventricular Haemorrhage

Intraventricular or periventricular bleeding is a major
problem in preterm babies born at less than 32 weeks of
gestation. The more preterm the baby is, the higher the risk
of IVH. Administration of antenatal steroids to the mother
will reduce the risk. The parents should be counselled
regarding this risk if preterm delivery is anticipated. It is
important to perform an early cranial ultrasound scan as soon
as the baby is stabilised. Cranial ultrasound scan is usually
performed on days 1, 3, 7 and 28 of life. Risk of bleeding
is highest during first 72 hours of life, slightly reduced from
day 4 to 7. The risk of intraventricular bleed is low after
day 7 of life. Although it is common practice to correct
any clotting abnormality in preterm babies, there is lack of
evidence on any reduction in the incidence of IVH. There is
also no consensus regarding normal values of clotting times
in neonates; therefore, practices vary. The onset of a bleed
may be heralded by sudden drop in haemoglobin, increased
ventilatory requirement, hemodynamic instability and blood
glucose instability. Bleeding may extend during first few
days of life.

Intracranial haemorrhage is Graded I-IV. When the
bleed is confined to the germinal matrix, it is Grade I,
if it extends into the ventricular cavity, it is Grade II, if
the intraventricular bleed is associated with ventricular
dilatation, this is Grade III and if the bleeding is in the brain
parenchyma, it is regarded as Grade IV. Grades III and IV
are associated with increased morbidity. If the Grade IV
bleeding is bilateral and extensive, it carries high-risk of
major neurodisability. Parents should be kept fully informed
of the presence and progression if IVH. Another complication
is post-haemorrhagic hydrocephalus for which management
remains a challenge.
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Retinopathy of Prematurity

Previously called as retrolental fibroplasia (pathological),
the preferred name is ROP. Retinopathy of prematurity, a
condition affecting the developing retinal vascular system of
preterm babies, is one of the few largely preventable causes
of childhood visual impairment. The risk of ROP is higher
at lower gestation. The World Health Organization’s vision
2020 programme aims to have a world in which no one is
needlessly blind and for those with unavoidable visual loss
to achieve their full potential. The risk can be reduced by
preventing hyperoxia, hypoxia with careful attention to
inspired oxygen concentration and other factors which shift
the oxygen dissociation curve to the right, e.g. transfusion
of adult red blood cells. The retinopathy may not be obvious
in the initial stages and it appears as the retina develops.
Therefore, it is important to screen the very LBW babies
(< 32 weeks at birth) for ROP at regular interval.
An experienced ophthalmologist should carry out the
examination. The use of Retcam is beneficial in especially
in the units without a dedicated ophthalmologist. This will
minimise the risk of visual loss by the proven benefits of
laser therapy. Intraocular injection of bevacizumab (Avastin)
is showing good promise as being an equally effective
treatment for severe ROP.

Jaundice

Preterm babies are particularly vulnerable. Just as in term
babies, physiological jaundice does not appear in the first
24 hours of life but the threshold for intervention is low.
The decision to treat will depend on the gestational age and
day of life as well as other factors like presence of bruising.
sepsis. The lower the gestation, the lower is the serum
bilirubin level at which phototherapy is started. Again based
on the levels, particularly, if there is haemolysis, exchange
transfusion may be needed—although rare. Availability
and effectiveness of anti-D immunoglobulins in haemolytic
disease of the newborn has reduced the need for exchange
transfusion significantly.

The physiological jaundice in preterm babies reaches its
peak between day 7 and 10 (in term babies, it is usually
on day 4 and 5) and takes longer to clear. If the jaundice
is persisting beyond day 21, the baby should be evaluated
and investigated to rule out other pathological conditions
like biliary atraesia, hypothyroidism, intrauterine infections,
galactosaemia, etc. Presence of normal coloured stools and
urine are reassuring as these babies are unlikely to have
obstructive jaundice. Breast milk jaundice is commonly
believed to be due to a factor, possibly 3-alpha, 20-beta-
pregnanediol. This diagnosis is considered after excluding
other conditions.

CHROMOSOMAL ABNORMALITIES

The most common chromosomal abnormality seen in neonatal
period is trisomy 21 (Down syndrome) and occasionally
trisomy 18 (Edward syndrome) and trisomy 13 (Patau
syndrome) are also seen. In developed countries and in many
developing countries, antenatal screening usually confirms
the diagnosis in antenatal period itself and parents have
the option of either continuing the pregnancy or to go for
termination. Although incidence of trisomies increases as the
maternal age advances, the number of babies born to these
mothers with Down syndrome is less now due to antenatal
screening. Therefore, authors see more babies with Down
syndrome being born to younger mothers. The underlying
chromosomal abnormality may be due to nondisjunction,
Robertsonian balanced translocation in parents, or mosaicism.
The children with Down syndrome have many clinical
features like mongoloid slant of eyes, brushfield spots,
bilateral epicanthic folds, small ear lobes, flat occiput, short
neck, clinodactyly, short stubby hands, hypotonia, increased
gap between big toe and second toe (sandal sign). Many of
these features may be familial and seen in perfectly healthy
children. It is the combination of these findings which is
diagnostic. It is imperative that unguarded comments are
not made by nursing or inexperienced staff based on their
first impression. It is a very sensitive period and insensitive
handling of the situation will cause long lasting damage
to patient doctor relationship. Baby should be assessed
by experienced clinician before speaking to parents. It is
important to remember that the diagnosis may be delayed
in preterm babies as dysmorphic features may not be very
obvious, or baby is unwell and needs intensive care and all
efforts are directed towards managing acute problems. Once
clinical diagnosis is suspected, it should be conformed by
chromosomal analysis. Rapid test using PCR technique is
available in many places and diagnosis can be confirmed
within 24 hours. Once the diagnosis is confirmed parents
should be counselled regarding the underlying genetic
abnormality and the risk of recurrence in future pregnancies
particularly if it is due to balanced translocation in parents. It
may be appropriate to refer them to clinical geneticist.
Babies with Down syndrome are more likely to
have feeding difficulties, polycythaemia and significant
jaundice. Incidence of congenital heart diseases particularly
atrioventricular septal defect and duodenal atresia is high.
All the babies born with Down syndrome should be seen by a
senior paediatrician to counsel the parents and also to assess
the child for any underlying congenital abnormalities. These
babies need careful follow-up to look for any visual defects
like refractive errors, hearing problems and developmental
delay. They will need assessment of thyroid status at 1 year
of age. Parents will appreciate if information regarding local
Down syndrome support group and websites are provided.



42

Other trisomies like Edward and Patau syndrome are not
common but create challenges in the management. Although
most of these children are likely to die soon, there are
some who survive for extended period of time. This poses
particular problem if the baby also has correctable congenital
heart problem—whether to correct or not? Parents need extra
support to cope with this uncertainty.

Many babies are born with unexplained subtle dysmorphic
features and various clinical problems like failure to
gain weight, feeding difficulties, etc. and conditions like
congenital myotonic dystrophy, spinal muscular dystrophy
should be considered. It is important to obtain a detailed
family history and a review by a senior paediatrician is very
useful. If the diagnosis is uncertain, doctors should explain
the findings, uncertainty of diagnosis and need for genetic
investigations to look for deletion/duplication syndromes
following parental consent and geneticist’s opinion. It is
important that the adequate blood sample is sent in correct
specimen bottles to the laboratory, and it is worthwhile
checking with the laboratory before sending the sample.

Off late, with the advances in molecular genetics, many
other conditions which were previously missed are picked
up. Following case history demonstrates one such case.

Case Study

Case 1

Baby was born at 31 weeks gestation by emergency caesarean
section for foetal distress with birth weight (2,350 g) and head
circumference (32 cm), greater than 97th centile. The antenatal
period was uneventful. Baby had sloping forehead, flat nasal
bridge and a prominent tongue and larger left half of the body.
There was intermittent hypoglycaemia in the first 3—4 days which
resolved subsequently. Based on the findings of macroglossia
with hemihypertrophy, Beckwith-Wiedemann syndrome (BWS)
was suspected. Genetic tests confirmed the diagnosis of BWS as
a result of uniparental (paternal) disomy at chromosome 11p15.
This type is known to be associated with higher risk of developing
tumours. Baby was discharged home with arrangements for 3
monthly abdominal ultrasound scans and regular monitoring
of the alpha-fetoprotein (AFP) (for tumour surveillance). Baby
developed hepatoblastoma and needed chemotherapy and
tumour resection for the hepatoblastoma. Baby also had speech
problems related to the large tongue. This is the classical variety.

Case 2

Baby was born at term by spontaneous vaginal delivery to a
primigravida with uncomplicated pregnancy and was growth
restricted with birth weight of 2,800 g, 10th centile, and head
circumference of 32 cm, less than 10th centile and had flat
nasal bridge and prominent forehead and a left sided large
asymmetric tongue. Baby had normal female karyotype (46
XX) and samples were sent from baby and both parents to rule
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out BWS in view of asymmetrical large tongue. Apart from slow
feeding probably secondary to large tongue, her course was
otherwise uncomplicated, her blood sugars were stable, cranial
and abdominal ultrasound scans were normal. Her AFP was
initially high during first week and subsequently normalised. She
was discharged home at 30 days of life after establishing full suck
feeds.

Analysis of the blood sample revealed loss of methylation
at the KvDMRI1 (differentially methylated region), but no
hypermethylation at the H19 DMR. This was consistent
with a diagnosis of BWS. After consultation with the
geneticist, it was explained to the parents that the baby
was not at increased risk of tumours and AFP screening
was not absolutely necessary. Parents opted to have only
the 3 monthly ultrasound of abdomen. These two cases
demonstrate the differing clinical features of same condition
and how the less classical variety could have been missed if
not suspected and also advances in molecular genetics.

Beckwith-Wiedemann Syndrome

Beckwith-Wiedemann syndrome was described independently
in the 1960s by Dr Wiedemann and Dr Beckwith. Children with
BWS have some of these five major features: (1) macroglossia,
(2) macrosomia, (3) hypoglycaemia at birth, (4) abdominal wall
defect (exomphalos) and (5) ear pits or creases. Associated
findings include hemihypertrophy, increased incidence of renal
anomalies, hypercalciuria, and predisposition to tumours,
especially abdominal tumours (Wilm’s tumour, adrenal carcinoma
and hepatoblastoma). Other abnormalities seen are cleft palate,
refractory hyperinsulinaemia, mental retardation and polydactyly.
The syndrome has a molecular aetiology related to genetic and
epigenetic mutations on 11p15. Majority are sporadic; however, 15%
are inherited and 1% occurs due to chromosomal abnormalities.
There has been a suggestion linking the increased number of BWS
with the increase in assisted reproductive treatment (ART). The
described population frequency ranges from 1 in 13,700 to 1 in
15,000 births (Fig. 3.2).

HAEMATOLOGY

Clotting Abnormalities

Coagulation abnormalities are common among preterm
babies and could be reflective of underlying disease processes
but are fought with pitfalls. The interpretation of coagulation
profile in newborn infants needs consideration of gestational
age, postnatal age and the state of well-being of the neonate.
Many studies have shown that adult reference ranges for
coagulation screening tests, especially prothrombin time (PT)
and activated partial thromboplastin time (APTT), cannot
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Fig. 3.2: Beckwith-Wiedemann syndrome

be applied to newborns and young infants. The normal
haematological ranges for term and preterm babies issued by
the British Society of Transfusion and Tissue Transplantation
is not gestation age dependant as there can be marked variation
in the clotting profile between the preterm infants of different
gestations. Results of the coagulation assay are also technique
dependant and differ between laboratories.

In one of our surveys of the British Association of
Perinatal medicine numbers more than 75% of the
respondents did not consider routine coagulation screen
in preterm babies and only 39% had written policy on
the management of clotting abnormalities. It is interesting
to note that almost 30% did not agree with the specified
normal range for preterm APTT. Therefore, it is essential
that decision to treat or not to treat is taken after careful
consideration of the clinical condition of the baby. Authors
normally use fresh frozen plasma if the clotting remains
abnormal after administration of vitamin K.

Polycythaemia

Polycythaemia is relatively common condition in babies with
IUGR and also in infant of diabetic mother. Sometimes, it
may be secondary to placental transfusion like in delayed
cord clamping. High haematocrit (Hct) increases the viscosity
with attendant complications like jaundice, hypoglycaemia,
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thrombocytopenia and rarely renal vein thrombosis. There
is no consensus in the management of this condition.
However, if the baby is symptomatic with hypoglycaemia,
thrombocytopenia and central Hct is more than 70%, partial
exchange transfusion with 5% salt poor albumin or normal
saline to reduce the Hct is practiced by many clinicians.

Thrombocytopenia

Thrombocytopenia in neonatal period may be secondary
to sepsis or secondary to isoimmune thrombocytopenia
from platelet group incompatibility between the baby and
mother. Occasionally, thrombocytopenia may be secondary
to maternal immune thrombocytopenia like idiopathic
thrombocytopenic purpura.

Alloimmune thrombocytopenia is not common but is
important because it may cause intracranial haemorrhage in
the foetus. It may be necessary to deliver these babies by
caesarean section to avoid trauma during delivery. If the baby
has severe thrombocytopenia, intravenous immunoglobulins
and steroids have been used in addition to platelet transfusion.
It is important to inform the laboratory early so that they can
arrange for compatible platelets.

The threshold for transfusion of platelets in sepsis is
variable. Generally, platelet count of less than 50,000 per
cubic mm is considered as an indication. Sometimes, it would
not improve the platelet count. In such situations, if the baby
is stable and does not bleed excessively after venepuncture or
heel pricks, threshold can be set higher.

Neutropenia

This is a relatively common finding particularly in preterm
infants. In preterm infants, neutropenia usually resolves
toward the end of 2nd week of life. There is no need for any
intervention. However, management of neutropenia in septic
babies is controversial. Many neonatologists use granulocyte
colony stimulating factor to improve neutrophil count.
However, there is no definite evidence that it improves the
outcome.

INBORN ERRORS OF METABOLISM

Although these conditions are rare, they are very important
as early detection and management will affect their long-
term outcome. Neonatal spot screening in many countries
will detect phenylketonuria (PKU) which is amenable for
management by dietary interventions. Although the list of
these disorders is exhaustive, the clinical manifestations are
nonspecific and may suggest sepsis. Therefore, inborn errors
of metabolism should be considered in all unwell babies.
Generally, baby is well at birth and becomes unwell soon
after the feeding is started. Clinical features may suggest
sepsis. Hypoglycaemia and metabolic acidosis are commonly
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found. If there is any family history of unexplained neonatal
death, diagnosis should be considered strongly. If the sepsis is
unlikely in view of absence of risk factors, laboratory markers
of infection, obtain blood samples for metabolic screen,
lactate and ammonia, urine specimen for organic acids and
amino acids and stop the feeds. Start the baby on dextrose
infusion to correct hypoglycaemia. It may be necessary to
correct the acidosis and any electrolyte abnormality, treat
any seizures. It is prudent to start antibiotics until infection is
ruled out and diagnosis is established. Liaison with metabolic
team will be very helpful. Once the diagnosis is established,
parents should be informed about the diagnosis, prognosis
and referred to clinical geneticist who will be able to advise
them on risk of recurrence in future pregnancies.

The Infant of a Diabetic Mother (IDM)
Diabetes in Pregnancy

® [nsulin-dependent diabetes: Maternal metabolism exists
from time of pregnancy, through to organogenesis and
beyond.

e Gestational diabetes: Maternal metabolism is altered
mostly in last half of gestation (sparing critical period of
organogenesis).

This topic is important due to the associated morbidities
below:

Unexplained death

Hypoglycaemia

Respiratory distress syndrome

Congenital anomalies

Others (polycythaemia, hypocalcaemia, hypomagnesaemia,

hyper-viscosity syndrome)

Preterm delivery

Abnormalities of growth.

DAL=

N

Unexplained Death

e Peri-natal mortality even with carefully managed DM is
approaching that of general population. And gestational
diabetes, even with euglycaemia has been associated with
stillbirth rate of 7.7/1,000 (compared with 4.8/1,000).
The risk of congenital anomalies is high in IDM; this is

believed to be associated with the following factors:

e Somatomedin inhibitors, genetic susceptibility, some
unknown maternal factors and free oxygen radicals

e Others are altered metabolic fuels:

- Maternal hyperglycaemia
- Maternal hyperketonaemia
- Maternal hypoglycaemia.

Incidence:
¢ Insulin-dependent diabetes occurs in 0.5%
pregnancies

of all
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e In addition, 3-5% of women exhibit biochemical abnor-
malities during pregnancy consistent with gestational
diabetes.

Abnormalities of Growth

This is believed to occur in 40% of these pregnancies, in the
form of LGA or SGA.

Pederson’s hypothesis for macrosomia: Result of maternal
hyperglycaemia — Foetal hyperglycaemia — Foetal
hyperinsulinaemia — Growth of insulin-sensitive tissues —
Fat deposition and organomegaly — Complications.

Macrosomia/Large for gestational age:

e The macrosomic baby is usually greater than 4,000
grams while the LGA baby is greater than 90th percentile
weight for gestational age.

e IDM accounts for less than 10% of LGA, but up to 60%
of IDM can be LGA, however.

Small for gestational age: Mothers with renal or cardiac
diseases may have SGA or premature infants. These babies are
prone to poor foetal outcome, foetal distress or foetal death.

Metabolic Disorders

® Hypoglycaemia (< 2.6 mmol/L): 1t is present in 20-40%
of IDMs, most commonly in LGA. Usually within 0.5-2
hours after delivery.

e Foetal hyperinsulinaemia: Suddenly supply of glucose is
disrupted.

e [Inability to mount adequate catecholamine and glucagon
response.

Clinical presentation:

e Presents within 30 minutes to 2 hours of birth

e Infant may have a wide range of symptoms and signs
ranging from jitteriness, tachypnoea, cyanosis, apnoea
and seizures
If SGA is caused by decreased glycogen stores. It appears

6-12 hours after delivery.

Management:

e Check serum glucose after birth

e Determine severity with values and symptoms

e OQOral feeds, high calorie formula, intravenous 10%
dextrose for maintenance

e Consider central line if hypertonic solution is used

e Normal glucose infusion rate is 6-8 mg/kg per minute

e Use glucagon may be necessary in extreme situations.

Hypocalcaemia (<2.0): Incidence is up to 50%.

Due to decreased function of the parathyroid glands. Lowest
levels at 24-72 hours of age. There is possible role for the
effect of calcitonin.
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Hypomagnesaemia (<7): Related to parathyroid hormone,
as well as to maternal hypomagnesaemia (abnormal kidney
function).

Clinical presentation:
e Similar to hypoglycaemia
e Presentation usually at 24-72 hours.

Management

Hypocalcaemia: 10% calcium gluconate 0.5 ml/kg per dose
(0.11 mmol/kg) slow IV with cardiac monitoring, then
maintenance IV 0.5 mmol/kg per day over 24 hours as
infusion. It tends to resolve within 3-4 days of treatment.

Hypomagnesaemia: 0.4 mmol/kg Mg** (100 mg/kg)
magnesium sulphate over 10 minutes 6-12 hourly as
necessary, IV or IM with cardiac monitoring and blood
levels q/12 hourly.

Perinatal asphyxia:

e [t occurs in up to 25% of infants of diabetic mothers

e This believed to be due to restricted intrauterine area
and increased oxygen demand via hyperinsulinaemia and
inability of placenta to compensate.

Respiratory Disorders

e The incidence of respiratory distress is 3%. Transient
tachyponea of the newborn, surfactant deficiency, cardiac
disease and sepsis can affect the IDM in this way.

Respiratory distress syndrome occurs in 15% of IDM:
e (Qualitative or quantitative deficiency of surfactant
¢ Five-fold increase in infants of diabetic mothers
e Pathophysiology of surfactant deficiency:
- Hyperinsulinism affects lung maturation by
antagonising the action of cortisol.
- AnL/Sratio of 3:1 can be used to determine surfactant
maturity.

Clinical presentation
e Physical examination may show cyanosis, expiratory
grunting, tachypnoea, chest wall retractions, oedema.

Management

e Chest X-ray (CXR)

e Blood gases, culture, full blood count (FBC) and
C-reactive protein

e Cardiac evaluation if warranted

® Oxygen therapy as needed

e Keep NPO until aetiology determined or improved.

Cardiac Disorders

Hypertrophic cardiomyopathy may occur in up to 30% of
IDMs.
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® Due to increased fat and glycogen deposition in the
myocardium.
e May lead to congestive heart failure.

The common types of cardiac disorders are transposition
of the great arteries with or without VSD, and coarctation
with or without VSD or patent ductus arteriosus. Others are
ASD and cardiomegaly.

Haematological Disorders

e Hyperbilirubinaemia is usually secondary to prematurity,
immature liver enzymes and polycythaemia

e The management involves the measurement of serum
bilirubin, blood group, Coombs

e The babies should have adequate hydration, with the
mainstay of treatment as phototherapy. Any underlying
identified aetiology should be treated for example sepsis.

Polycythaemia:

¢ Definition: Central “spun” Hct is greater than 65%

e This condition occurs in 20-40% IDMs

e It occurs due to increased levels of erythropoietin in IDM
resulting in increased red blood cell production

¢ In itself can cause hypoglycaemia.

Clinical presentation:

e DM will have system specific symptoms and signs

e Renal venous thrombosis, which is rare, may be caused
by, caused by hyperviscosity

e Disseminated intravascular coagulopathy may present
with haematuria and abdominal mass.

Management:

e Adequate hydration

e FBC, coagulation screen, blood glucose

e Serial Hct for at least 3 days

e Although partial exchange transfusion when the Hct is
greater than 70% or at lower level if symptomatic is
practiced in some centres, there is no convincing evidence
of the benefit of long-term neurologic advantage.

Shoulder dystocia:

e Shoulder dystocia: Baby’s shoulder is stuck behind
mother’s pubic symphysis preventing delivery

e Erb’s palsy: Stretch injury of C5-C6 resulting from
downward force on the shoulder and lateral flexion of the
neck.

Epidemiology:

e Shoulder dystocia occurs in 0.2-2% of non-diabetics,
60% of whom are LGA while 3-9% of Erb’s palsy
occurs in IDM, 85% of which are LGA

e The infants of a diabetic mother have increased fat
deposition on shoulder and trunk.
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Clinical presentation of Erb’s palsy:

e Paralysis of deltoid, infraspinatus and flexor muscles of
forearm

e Forearm extended and internally rotated the function in
grasp maintained, but there is absent Moro reflex.

Management:

® May X-ray arm bones to look for fractures

e Serial clinical examination is required on follow-
up. It usually heals without intervention, but early
physiotherapy referral is recommended

e [f there is no improvement by 6 months referral to a joint
Erb’s palsy team for assessment is advised.

Congenital Anomalies

e Ten times commoner in the IDM as compared to the
general population

e Major anomalies occur in 5-8% of these pregnancies

e Most malformations nonspecific and nonchromosomal,
on average occurs in 6.4 % of IDMs

e Anomalies account for up to 50% of perinatal deaths
involving the cardiovascular system, gastrointestinal
system and the bones.

Skeletal and Central Nervous System

Caudal regression sequence

Skeletal defects: Hemivertebrae

Neural tube defects excluding anencephaly

Anencephaly with or without herniation of neural
elements

e Microcephaly.

Gastrointestinal System

e Duodenal atresia
® Anorectal atresia
e Small left colon syndrome.

Renal

e Hydronephrosis
® Renal agenesis
e Ureteral duplication.

Others

e Single umbilical artery
e Thromboembolic phenomenon (cerebral infarction, renal
cortical and digital gangrene).

Initial assessment:
e Prenatal: Ultrasound for size and anomalies, biophysical
profile, maternal HbA ;¢
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e Delivery room: Physical examination for congenital
anomalies, size for dates, respiratory distress.

Postnatal evaluation (age hours):

Plasma glucose:0.5, 1, 1.5, 2, 4, 8, 12, 24, 36 and 48

Calcium: 6, 24 and 48

Magnesium: Check if calcium low

Hb/Hct : 4, 24

Platelet count: 24

Bilirubin: Based on clinical jaundice

True blood glucose, FBC, CRP, microscopy/culture

Radiologic studies: If there is evidence of cardiac,

respiratory or skeletal problems

e Echocardiography should be performed if hypertrophic
cardiomyopathy or cardiac malformation is suspected.

Long-Term Complications

Obesity—up to 50%
Risk of subsequent type I diabetes by age 20 years at least
7 times that of non-diabetic parents

e Adverse neurodevelopment in 4% of cases, e.g. poor
psychomotor development, hyperactivity (may relate to
maternal ketosis, hypoxia, hypoglycaemia, seizures)

® Iron deficiency (lower 9-month ferritin levels).

MULTIPLE GESTATION

Although multiple pregnancies can occur spontaneously, there
is an increase in the incidence of multiple gestation partly due
to treatment for infertility. Multiple gestation pregnancies
are associated with an increase in morbidity. These babies
are more likely to be born preterm more so, with triplets and
quadruplets. Twinning is either monozygotic or dizygotic.
If the zygote divides early, it results in two separate chorion
and amniotic sacs (dichorionic and diamniotic); division a
little bit later results in monochorionic and diamniotic twins
(single chorion but two amniotic sacs). If the separation occurs
much later, it results in monochorionic and monoamniotic
twins (single amniotic sac).

There is also increased risk of twin-to-twin transfusion
with increased morbidity and mortality for both the twins.
Although twin-to-twin transfusion has been treated with—
amnioreduction, laser ablation of placental vessels is
increasing available in specialised centres. Apart from
obstetric difficulties and increased caesarean section rate,
there is also evidence of increased risk of neurodisability
(cerebral palsy) especially in monozygotic twins.

Some other problems are growth retardation and anaemia
in donor twin, polycythaemia in the recipient twin, with
the attending risk of hyperviscosity syndrome, circulatory
overload with cardiac dysfunction.
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MATERNAL SUBSTANCE AND ALCOHOL ABUSE

This is increasingly becoming a significant problem in
developed countries. Consumption of significant amounts of
alcohol during pregnancy results in foetal alcohol syndrome
spectrum disorders. Some recognised features are triangular
face, long philtrum and thin upper lip but these findings can
be very subtle and difficult to recognise. The non-availability
of specific test for diagnosis has further complicated this
issue. The true incidence is, therefore, not known. These
children may have learning difficulties and behavioural
problems. It is important that alcohol consumption before
conception and pregnancy is discouraged by increasing the
awareness amongst youngsters and also by providing support
to quit drinking. This is an important public health message
especially when it not clear that foetal alcohol spectrum
disorder is dose dependent.

Babies born to mothers who are misusing opiates and
other drugs may develop neonatal withdrawal symptoms.
The term neonatal abstinence syndrome (NAS) is used for
opiate withdrawal and neonatal drug withdrawal for other
drugs. Cocaine use is associated with increased risk of
cerebral infarctions and NEC, in view of its vasoconstrictive
effects.

These neonates may present with irritability, tremulous-
ness, excessive crying, seizures, loose stools and perianal
excoriation.

It is important to rule out other conditions before labelling
it as NAS, as these babies may have other pathologies just
like any other ill baby. It is important, therefore, to exclude
infection, electrolyte abnormalities, low blood sugar,
low calcium and magnesium. In the presence of seizures,
intracranial haemorrhage and meningitis should be ruled out.

Upon diagnosis, symptoms should be managed as for as
possible by nonpharmacological measures like swaddling,
minimal stimulation and regular feeds. Several scoring
methods like Lipsitz are available to guide the initiation of
pharmacological treatment and the monitoring of response.
Replacement with oral morphine sulphate is the authors’ first
choice when nonpharmacological measures are unsuccessful.
The dose is increased gradually to achieve symptom control.
At maximum dose of oral morphine, if symptoms persist,
oral phenobarbitone is added. Chloral hydrate may be used
for symptom control.

It is important to remember that lack of response may
be due to the use of multiple drugs during pregnancy. Some
babies gain weight very poorly and many require an increased
amount of milk or high calorie milk. Feeding incoordination
is also a common problem.

These social circumstances and lifestyle are not
uncommonly challenging and chaotic, and this calls for
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adequate support for the family unit prior to and following
discharge from hospital.

These babies are at increased risk of cot death. It is
important to deal with these parents in a sensitive way to
avoid them feeling guilty, as some of these mothers would
have made efforts during pregnancy to discontinue or reduce
medications during pregnancy, or have been in a supervised
drug program, and they need support and understanding.
The authors recommend that the baby be vaccinated for
hepatitis B if mother is an intravenous drug user. In addition,
it is our policy to offer hepatitis B vaccination to all the
babies born to mothers who are drug misusers irrespective of
whether their use intravenous or not.

NEONATAL SEPSIS

Infection in the neonatal period carries high mortality and
morbidity and the neonate’s clinical course can deteriorate
quite rapidly. Therefore, strong index of suspicion and
prompt action is required because the symptoms and signs
are nonspecific.

Early onset sepsis (before 48 hours of age) is commonly
due to organisms from maternal environment like GBS and
Escherichia coli. Predisposing factors include like prematurity,
prolonged rupture of membrane for greater than 18 hours,
intrapartum maternal pyrexia, chorioamnionitis, positive
maternal high vaginal swab for GBS. Whereas the signs and
symptoms of sepsis are nonspecific, it is not uncommon for the
respiratory features to be indistinguishable from RDS. They
may require correction of clotting abnormalities, ventilatory/
respiratory support and inotropes for hypotension. The use
of benzylpenicillin and gentamicin is recommended to cover
for sepsis. Similarly, if there is any suspicion of listeriosis,
amoxicillin or ampicillin should be added.

The duration of antibiotics is dependent of the blood culture
results, inflammatory markers and clinical improvement.

Gestation is associated with the degree of immaturity of
the immune system due to inadequate passively transmitted
antibodies, which takes place in the last trimester of
pregnancy.

In a baby with suspected of sepsis, blood should be sent
for blood culture, FBC and C-reactive protein. Lumbar
puncture and suprapubic aspiration of urine for culture
and sensitivity are also recommended. Other acute phase
reactants, like ceruloplasmin, fibrinogen and transferring
procalcitonin, are not routinely measured.

Group B streptococcal infection carries with it a high
mortality and morbidity. Approximately 25-30% women
carry GBS in their genital tract. Although a significant
number of babies are colonised with these organisms at birth,
most would have passively transferred antibodies from their
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mothers and remain asymptomatic and require no treatment.
However, small percentage of them will develop invasive
disease. In some countries like the United States of America,
pregnant women are screened for GBS during the later part
of pregnancy and are offered intra-partum prophylaxis if they
are carriers. This is not the practice in the United Kingdom.
Where risk factors are used to determine the use of intra-
partum antibiotic prophylaxis. Benzylpenicillin is effective,
and clindamycin is used if mother is allergic to penicillin.
If a mother has received inadequate or no prophylaxis, the
baby should be started on antibiotics after obtaining blood for
culture, inflammatory markers and FBC. Onset of invasive
GBS infection after 48 hours is called late onset infection and
carries with it a high incidence of meningitis.

Prevention of GBS infection even with screening
programmes does not eliminate infection because women
may carry GBS intermittently. There are attempts to develop
a vaccine, which will effectively prevent both early onset
and late onset GBS infection in neonates if given to mothers
during pregnancy or to teenage years.

Among the organisms responsible late onset sepsis is
coagulase negative staphylococci. In intensive care settings,
intravenous vancomycin and gentamicin is used as a second
line choice of antibiotics.

For most infections a 5-7 day course is used, but, in
meningitis, the duration of antibiotics should be for at least
14 days for gram-positive organisms and 21 days for gram-
negative organisms.

The evidence of benefit for intravenous immunoglobulin
for the treatment of sepsis is thin and therefore not supported.
Similarly use of granulocyte colony stimulating factor for
neutropenia in the presence of sepsis has not been shown to
be effective.

The practice of asepsis to prevent infection cannot be
overemphasised. Simple techniques like handwashing
or using alcohol gel between patients or strict asepsis
during invasive procedures is highly effective and should
be universally practiced. The presence of invasive lines
particularly central lines increases the risk and they should
be removed at the earliest. Similarly establishment of full
enteral feeds will reduce the needs for intravenous lines and
hence the incidence of infection.

NEONATAL PROCEDURES

Apart from capillary blood sampling from heel prick,
intravenous cannulation, other important skills include lumbar
puncture, umbilical venous line, umbilical arterial line and
radial line insertion. It is important for the paediatrician to
be competent in all the above procedures although insertion
of umbilical arterial line or radial line is not essential. Many
neonatologists are also trained to carry out cranial ultrasound
scans and neonatal echocardiography.
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VACCINATION AND WEANING

The local immunisation schedule should be followed. There
is no need to delay the vaccination in view of prematurity. In
babies born below 28 weeks of gestation and those who have
chronic lung disease, first dose of routine vaccination should
be done in the hospital as there in increased risk of apnoea
and increased oxygen requirement. They should be observed
for 48-72 hours post-vaccination before discharge.

Weaning should generally start around 6 months of age
when the baby shows interest in foods and takes things to
mouth. Exclusive breastfeeding or formula feeding up to 6
months of age is adequate to meet the nutritional requirements
of the baby. There is no need to delay the weaning in view of
prematurity.

NUTRITION

The appropriately grown term infants should be demand
breastfeeding or formula fed if the mother decides not to
breastfeed. However, preterm babies and babies who are
SGA pose a particular challenge. Babies who are LBW and
full-term are managed with demand feeding once initial
difficulties with blood sugar and feeding are overcome.

However, babies are increasingly being discharged
at lower weight (1.8 kg and above) and gestation (34-35
weeks) posing unique challenges. Adequate nutrition during
early infancy is essential for overall well-being of the baby
and can have a major impact on long-term development.
The LBW is associated with a number of immediate adverse
consequences. Preterm and term infants born SGA carry a
high-risk for continued growth deficits, neurodevelopmental
abnormalities and behavioural problems.

It has been assumed that improving nutritional status by
vigorous feeding in infancy is associated with lower morbidity
and mortality. The window for catch-up growth in growth-
retarded babies appears to be narrow. If the catch-up growth
does not take place in early life, the chances that it will occur
later are limited. In human infants, this critical period may
approximate to the first year with respect to development
of head circumference and the first 3 years with respect to
final height. It is natural that we want the babies to gain
weight rapidly to catch-up. However, there is insufficient
evidence to suggest that protein and energy enriched formula
fed to preterm babies had any effect on the development at
18 months of age, with one study showing girls fed on
enriched formula having lower developmental quotient at 9
months of age.

Following Barker’s observation in 1980s that LBW
is a risk factor for cardiovascular disease and diabetes in
adulthood, many studies have strengthened the notion that
size at birth is a determinant of later health.
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There is increasing concern that the postnatal weight gain
is also a risk factor for cardiovascular disease and diabetes
in adulthood. Emerging evidence suggests that either
LBW or rapid postnatal weight gain or the combination of
both may predispose to adverse long-term effects like the
metabolic syndrome. Therefore, there may be a price to
pay at later stage in the form of higher likelihood of some
chronic adult diseases if the weight gain is either poor or
excessive.

What is Catch-up Growth and What is
Accelerated Growth?

Catch-up growth follows prior growth retardation, such as
IUGR or postnatal nutritional insult. It involves moving
up centiles and usually involves linear (bone) and muscle
growth as well as accumulation of fat. This is desirable.
Rapid weight gain or accelerated growth may occur at any
time as a result of excessive energy intake and represents the
acquisition of surplus adipose tissue with no acceleration of
linear growth. This is undesirable.

In contrast to body weight, reduced bone mineralisation
generally improves rapidly during the first months of life.
Between 6 and 12 months of age, bone mineralisation
of infants born preterm reaches values, adjusted for
anthropometric parameters, similar to healthy term infants
and appears appropriate for skeletal and body size achieved.
With all the controversies and evidence available, doctors
should aim for appropriate growth not excessive weight gain.

There are different types of formulae milk for infant
feeding, such as term formula, preterm formula and nutrient-
enriched formula. Doctors can also fortify breast milk. The
superiority, complexity and richness of human milk, with
nutrients that meet specific requirements for development
and non-nutritional factors modulate neonatal adaptation,
provide protection and immune defence is finely tuned to
regulate infant growth.

Most formulae are based on bovine milk; their amino
acid and fatty acid profiles reflect the needs of calves.
Moreover they lack other non-nutritive factors found in
human milk. Such deficiencies are associated with poorer
neuron-cognitive development and intelligence quotients and
enhanced risk for respiratory and enteric infections. Formula
milk intake is determined by the mother or caregiver rather
than by infant demand as in breastfed baby. So breast milk is
preferred.

There is no definite evidence that post-discharge preterm
growth is higher in infants who receive nutrient-enriched
formula milk compared to standard term formula. One study
found that the infants fed with standard term milk consumed
more milk than those fed with high energy formula.

For every baby, doctors should plot the birth weight,
length and head circumference against gestational age and
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determine whether the infant is AGA (birth weight between

10th centile and 90th centile), SGA (birth weight < 10th

centile) or LGA (birth weight > 90th centile). This will help
us to decide nutritional management of the baby.

Our feeding policy encourages breast milk. Most of our
preterm babies are on either expressed breast milk alone,
expressed breast milk with fortifier or preterm formula
(150-200 ml/kg per day) or combination of both. Breast milk
fortifier may not be necessary if the baby is gaining weight
satisfactorily and should not be started routinely. The milk
of the mother delivering a preterm baby often has relatively
high protein content in the first 2 weeks of life. Fortification
is best avoided until after 2 weeks after delivery. Growth
chart should be updated every week and should be reviewed
before changing any milk. Once the baby’s weight is 1,800-
2,000 grams and is gaining weight (between 10th centile and
90th centile), and then if the baby is on breast milk with
fortifier, stop the fortifier and continue breast milk or if on
preterm formula, change the milk to term formula.

At the time of discharge, most of the babies in the
neonatal unit who are on term formula or breast milk with a
weight of 1,800 grams or more are discharged on the same
milk unless there are any concerns. If not, categorise the
babies into one of the four groups and take the action based
as indicated below.

1. Infants with birth weight and a body weight at discharge
appropriate for postconceptional age (appropriate
growth).

Discharge feed: Breast milk or term formula
2. Infants born AGA but with discharge weight below the

reference growth chart (postnatal growth restriction).

Discharge feed: Following assessment and discussion

breast milk with fortifier or preterm formula or nutrient-

enriched formula

3. Infants born SGA with a discharge weight still below the
reference growth chart (IUGR).

Discharge feed: Following assessment and discussion

breast milk with fortifier or preterm formula or nutrient-

enriched formula

4. Infants born SGA with discharge weight appropriate for
postconceptional age (early catch-up growth).
Discharge feed: Breast milk or term formula
If the baby is discharged on nutrient-enriched formula,

it should be changed to regular formula at corrected post-

conceptional age of 40 weeks or 52 weeks. If the baby
is on nutrient-enriched formula, multivitamins or iron
supplementation should be stopped.

If the baby is on any special formula, child’s growth
should be regularly monitored and once weight gain is
satisfactory, the milk should be changed to regular formula
and weight gain is monitored.
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DISCHARGE PLANNING

It is important that parents feel confident enough to look after
the baby after stressful period. These babies would have been
looked after by nursing and medical staff and help has been
readily available if there were any concerns. Suddenly, that
support is taken away. It is, therefore, important to prepare
the parents for anticipated discharge. During the baby’s stay
in the unit, parents should be involved in day to day care of
the baby as far as possible. They should be educated about
the baby’s clinical condition, any special requirements, if the
baby is going home on any special equipments like apnoea
monitor, suction pump, home oxygen or tube feeds and they
should be confident in using them, also what to look for,
what to do in an emergency and whom to contact if anything
goes wrong. It is a good idea for parents to room in with
the baby in the neonatal unit for few days to gain confidence
before taking any baby who had significant problems and
or stayed in the neonatal unit for long period of time. It is
important to inform the other health professionals who will
look after the baby once discharged about the baby’s clinical
condition and anticipated date of discharge.

Before discharging any baby, they should be suck feeding
well, gaining weight, maintaining temperature in cot and not
have any apnoea or desaturations. Although a weight of 2
kilograms is used in many neonatal units, it is not an absolute
requirement. Maturity rather than weight is more important.

WITHHOLDING AND WITHDRAWAL
OF TREATMENT

Even though doctors have made great progress in neonatal
care, some babies may be born in very poor condition. They
may have serious congenital anomalies or become seriously
unwell that continuing or initiating the treatment may not be
in the best interest of the baby. In such circumstances, the
baby should be carefully assessed by the senior clinician and
discussed with the other members of the team about the best
course of action. It should be explained to parents the clinical
condition, prognosis and possible course of action and option
of withdrawal or withholding of the care. Parents should be
given all the information and time to decide. It is imperative
that clinician’s opinion is not imposed on the parents.

If the decision is made to withdraw or withhold the
treatment, palliative care to provide comfort to the baby
should be initiated. This includes nutrition, pain relief and
warmth. Parents should be made aware that baby may not die
immediately and may survive for extended period of time.

The situation should be handled sensitively by senior
medical and nursing staff. Parents should be given privacy
to spend time with their baby. Any requirement for religious
ceremony such as baptism should be discussed with parents
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and arranged as required. It is desirable to discuss the autopsy
or organ donation with parents at this stage.

Once the baby has died, photographs, foot and hand
prints, lock of hair may be obtained for parents to keep for
memory and arrangements made for burial or cremation.
Clear documentation of discussion with parents, diagnosis
and decision should be clearly documented in the case notes.

NEWBORN HEALTH IN DEVELOPING
COUNTRIES

INTRODUCTION

Each year an estimated 4 million babies die before they reach
the age of one month, and another 4 million more are stillborn,
dying between 22 weeks of pregnancy and birth. About 98 %
of these newborn deaths take place in developing countries,
and for the most part these newborn deaths occur at home
in the absence of any skilled healthcare (Fig. 3.3). Thus,
developing a better understanding of home care practices,
leading to effective behaviour change communication
strategies to promote healthy behaviours while discouraging
harmful practices, is a priority.

WHO estimates that 40-60% of neonatal deaths are
potentially preventable and it may be possible to save over 2
million newborn infants through basic low-cost interventions.
More epidemiological research is needed to make available
more accurate data on risk factors and causes of neonatal
morbidity and mortality, and improved and validated
neonatal verbal autopsy instruments are needed in order to
collect accurate data.

Most newborn deaths are largely due to infections
(36%), birth asphyxia and injuries (23%) and consequences
of prematurity and congenital anomalies (34%). Infections
may account for approximately half of newborn deaths at the
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Fig. 3.3: Child mortality rates and rates of stillbirths per 1,000 births
(Source: World Health Organisation)
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Fig. 3.4: Major problems affecting neonates in the developing world
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community level. The LBW is an overriding factor in the
majority of the deaths (Fig. 3.4).

BIRTH ASPHYXIA

Failure to breathe at delivery is probably the mechanism
responsible for asphyxia secondary to some acute crisis such as
an antepartum haemorrhage or cord prolapse. Affects mainly
cortical and subcortical grey matter of the brain (Table 3.1).

Epidemiology

Intrapartum asphyxia is a single most important cause of peri-
natal and neonatal morbidity and mortality. An estimated
4-9 million cases of birth asphyxia occur each year in the
developing world, accounting for 24-61% of all perinatal
mortality and an estimated 1.2 million newborns die annually
of birth asphyxia. Sarnat and Sarnat introduced a grading
system to describe the neurological dysfunction which was
modified by Levene et al (Table 3.2).

Diagnosis

The diagnosis of birth asphyxia is based on clinical as well as

biochemical findings (Table 3.3).

1. Tricuspid regurgitation murmur may be audible early in
the course of disease.

2. Arterial blood gas shows acidosis, high pCO, and low
pO,.

3. Lactic acid provides a sensitive measure of end organ
perfusion.

Table 3.1: Aetiology and risk factors

» Antenatal: Maternal diabetes, pre-eclampsia

* Intrapartum: Breech presentation, cord compression, placental
abruption, maternal shock, infection

» Postnatal: Congenital heart disease, respiratory failure
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Table 3.2: Grading system to describe the neurological dysfunction

Grade | Grade Il Grade IlI
(Mild) (Moderate) (Severe)
Irritability Lethargy Comatose severe

Mild hypotonia Relative hypertonia Hypotonia

Poor suck Tube feeds Failure to maintain
spontaneous respiration
No seizures Seizures Prolong seizures

Table 3.3: Diagnostic criteria

*  Profound metabolic acidosis (pH < 7.0) and base deficit > 12 on
arterial sample

*  Apgar score of 0-3 for longer than 5 minutes
* Neurologic manifestation, e.g. seizures, coma or hypotonia

* Multisystem organ dysfunction, e.g. cardiovascular, gastro-
intestinal, pulmonary or renal systems

4. EEG may show seizures and background slowing.
5. Drop in Het may indicate intracranial bleed.

Prevention

At delivery, most neonates can be successfully resuscitated
by simple techniques such as tactile stimulation and, in some
cases, clearing of upper airway secretions using a gauze-
covered finger or simple mucus extractor. The need for bag-
mask ventilation is exceptional and can be accomplished
using room air. Routine caesarean section for preterm babies
presenting by the breech is much more controversial. There
is yet no randomised control trial for the benefit and hazards
of such intervention to prevent birth asphyxia.

Neonatal Resuscitation

Extensive efforts to train physicians in neonatal resuscitation
are needed, for example, using WHO and American
Academy of Pediatrics-American Heart Association Neonatal
Resuscitation Programme materials, are underway in many
developing countries, and are showing encouraging results
in influencing behaviour. Few studies, however, especially
community-based studies have evaluated appropriate
methods to train health workers and family members at the
community level to recognise birth asphyxia and provide
simple interventions and support (Flow charts 3.1 and 3.2).

Goals of Management

Unsupervised, unskilled delayed and complicated deliveries
that characterise obstetrics in developing countries, and the
high frequency of LBW babies contributes to a high prevalence
of birth asphyxia and birth trauma. The aim should be to
provide these equipment and training of doctors and nurses
for essential neonatal care at primary health centre.
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Flow chart 3.1: Immediate or routine care of
newborn at birth

( Preparing for baby’s birth J

v

« Prepare the environment

» Prepare the equipment

+ Be prepared to prevent problems like infection and
hypothermia

» Be prepared to act quickly to manage problems such
as asphyxia

Check equipments and place of resuscitation
before delivery

v

Arrange
* Clean and warm surface
= Two warm cloths
* Clock
= Weight machine for newborn
= Clean delivery kit containing cord ties, new blade

v

Steps of Immediate Care

Step 1: Dry and stimulate the baby

Step 2: Keep the newborn warm

Step 3: Assess the baby’s breathing and colour

Step 4: Decide if the baby needs resuscitation

Step 5: Place the baby in skin-to-skin contact with the
mother

= Step 6: Encourage the mother to start breastfeeding

= Step 7: Eye care

* Light source
+ Stethoscope
+ Gloves

« s 8 s

Medical Management

e Maintain adequate oxygenation and ventilation. Avoid
hyperventilation. Keep O, saturation greater than 90%
and pCO, between 35 and 50 mm Hg

e Inotropes for maintenance of adequate blood pressure
Fluid restriction to treat SIADH
Delay gastric feeding until adequate gut perfusion is
ensured

e Treat seizures if necessary with phenobarbital

e Treat hypoglycaemia.

Prognosis

Prognosis can be predicted by recovery of motor function and
sucking ability. There are case reports in the past established
that babies who had suffered a severe and clear insult some
time before labour could be neurologically abnormal in
the neonatal period and end up with cerebral palsy. Early
onset of seizures and use of multiple medications predict
worse prognosis. Severely affected infants often require
gastrostomy tube for feeding and tracheotomy with home
ventilation (Table 3.4).
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NEONATAL INFECTIONS

Epidemiology
Infections account for 30-50% of all neonatal deaths in
developing countries, with pneumonia, tetanus, sepsis and
diarrhoea the most common causes. Knowledge of the
aetiology of infectious diseases in neonates in developing
countries is based almost entirely on studies of hospitalised
infants or on retrospective, verbal autopsy-based surveys in
the community, neither of which may accurately reflect the
true burden of disease in the community.

The reported incidence of neonatal sepsis varies from 7.1
to 38 per 1,000 live births in Asia, from 6.5 to 23 per 1,000
live births in Africa and from 3.5 to 8.9 per 1,000 live births
in South America and Caribbean. The WHO’s recommended
clinical criteria for diagnosing sepsis and meningitis in
neonates are given in Table 3.5. The main organisms causing
sepsis in developing countries are shown in Figure 3.5.

Prevention

In developing countries, 90% of mothers deliver babies at
home without skilled health professional present. Simple
low-cost interventions, notably tetanus toxoid vaccination,
exclusive breastfeeding, counselling for birth preparedness,
breastfeeding promotion through peer counsellors and
women’s groups, have been shown to reduce newborn
morbidity and mortality. Alcohol-based antiseptics for hand
hygiene are an appealing innovation due to their efficacy in
reducing hand contamination and their ease of use.

The most effective strategies for preventing and treating
neonatal infections in developing countries is to devise simple,
inexpensive management strategies for reducing the morbidity
and mortality of neonatal infections, risk factors, historical
information, and clinical signs and symptoms predictive of
serious neonatal infections (pneumonia, sepsis and meningitis)
must be identified for use in first line healthcare facilities and
at home by trained caregivers and healthcare workers.

The Role of Breastfeeding

A wide variety of benefits of breastfeeding have been
well-documented, including reduced risk of hypothermia,
hypoglycaemia, NEC, omphalitis, acute respiratory
infections, diarrhoea, septicaemia and mortality, particularly
in the late neonatal period. Although breastfeeding is
common, immediate and exclusive breastfeeding, despite its
benefits, is not normal practice in many developing countries,
particularly for LBW newborns. Breastfeeding also provides
a variety of immune and nonimmune components that
accelerate intestinal maturation, resistance to and recovery
from infection.
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Flow chart 3.2: Neonatal resuscitation

Observe - Term gestation? Routine care
« Breathing or crying? Yes * Provide warmth
+ Clear amniotic fluid? el |« Clear airway
« Good muscle to » Dry
+ Colour pink + Assess colour
30 sec o *

* Provide warmth
= Position the head of the baby in slightly
extended position to open the airway*
« Clear airway if necessary
= Dry, stimulate, reposition
m + Give oxygen, as necessary

v

— [ Evaluate breathing, heart rate and colour J

No breathing
Cyanosed or
Heart rate <100/min

30 sec v <
Begin positive pressure ventilation (PPV)
E] at 40-60 breaths/min J
If HIR ~<60¢’min¢

« Evaluate effective lung inflation %
« Continue positive pressure ventilation

30 sec - Start chest compression™ J
IfHIR <60!min*

[Administer epinephrine* J
30 sec

*Endotracheal intubation may be considered at several steps

Table 3.4: Outcome associated with very low Apgar score (0-3)

<2501g >2,500 g
Time (min) Number of Death by 1 Number known Cerebral Number of  Death by 1 Number known Cerebral
live-born year (%) to 7 years palsy (%) live-born year (%) to 7 years palsy (%)
1 428 25.5 257 1.9 1,729 3.1 1,330 0.7
5 163 55.2 56 71 286 7.7 217 0.9
10 67 67.2 15 6.7 66 18.2 43 4.7
15 51 84.3 8 0 23 47.8 11 9.1

20 139 95.7 7 0 39 59 14 571
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Table 3.5: World Health Organization’s recommended clinical criteria
for diagnosing sepsis and meningitis in neonates*

Sepsis Meningitis
Symptoms General signs
Convulsions Drowsiness

Inability to feed

Reduced feeding

Unconsciousness Unconsciousness
Lethargy Lethargy

Fever (more than 37.7°C or feels hot) High pitched cry
Hypothermia Apnoea

(less than 35.5°C or feels cold)

Signs Specific signs

Severe chest indrawing Convulsions

Reduced movements Bulging fontanelle

Crepitations and cyanosis

* The more symptoms, a neonate has the higher the
probability of the disease
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Fig. 3.5: Pathogens involved in early neonatal infection is less than
one week in hospitals of developing countries

Role of Umbilical Cord and Skin Care

Little is known, however, about traditional umbilical cord
practices in the community. Application of antiseptics such
as chlorhexidine, has been shown to be effective against both
gram-positive and gram-negative bacteria and shown in the
community studies to reduce rates of cord infection and sepsis
in the newborn. In rural Pakistan, application of ghee heated
with cow dung to the umbilical stump was associated with
neonatal tetanus, but in studies, in which topical antimicrobial
agents were applied to promote wound healing, instead of
ghee, suggests that promotion of antimicrobial applications as
a substitute for ghee might be an effective strategy.
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Table 3.6: Newborn danger signs of infection

 Breathing problems

» Feeding difficulties/unable to suck

» Cold body temperature/hypothermia

» Fever

» Redness swelling or pus around the cord
+ Convulsions/fits

» Jaundice

A randomised controlled trial of topical application of
sunflower seed oil to preterm infants in an Egyptian NICU
showed that treated infants had substantially improved skin
condition and half the risk of late onset infection.

Diagnosis
The danger signs are shown in Table 3.6.

Investigations

e Blood cultures (may be negative if antibiotics were
administered to the mother)

e Urine cultures

CSF studies (protein, glucose, cell count and cultures)

Complete blood count with differential:

- Immature to total neutrophil ratio greater than 30%
should raise suspicion of sepsis

- A drop in platelet count is often a late sign

C-reactive protein is a nonspecific marker of infection

Chest X-ray to distinguish pneumonia from RDS

Hypoglycaemia

Metabolic acidosis.

Medical Treatment

Knowledge of the antimicrobial resistance patterns of
common neonatal bacterial pathogens is essential for planning
empiric antimicrobial therapy for the treatment of neonatal
infections.

Currently, WHO recommends that acutely infected
neonates less than 2 months of age be treated in a healthcare
facility capable of administering parenteral antibiotics (e.g.
benzylpenicillin or ampicillin plus, an aminoglycoside, such
as gentamicin). Every attempt should be made to deliver this
standard of care. Hospitalisation and parenteral treatment
of neonates, however, is not feasible in many communities.
Thus alternative treatment strategies are needed, including the
feasibility and efficacy of therapy in the home and treatment
with oral antibiotics. Guidelines for Integrated Management
of Childhood Illness (IMCI) have been widely implemented
as the main approach for addressing child health in health
systems. Table 3.7 shows the antibiotic treatment of sepsis
and meningitis.
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Table 3.7: Antibiotic treatment of neonatal meningitis and sepsis

Patient group Likely aetiology
Sepsis

Immunocompetent children Developed countries
Streptococcus (Group B)
E. coli

Developing countries
Klebsiella
Pseudomonas
Salmonella

Meningitis
Immunocompetent children Developed countries
(age < 3 months) Streptococcus (Group B)
E. coli

L. monocytogenes
Developing countries

S. pneumoniae

E. coli

Immunodeficient Gram-negative organisms

L. monocytogenes

Following the demonstration of significant reduction in
neonatal mortality with the use of oral cotrimoxazole and
injectable gentamicin by community health workers this
strategy could be employed in circumstances where referrals
are difficult.

Prognosis

Gram-negative sepsis has a high mortality rate. Associated
meningitis may result in long-term developmental abnormalities
(e.g. hearing loss).

TERM IUGR/LBW

Various terms have been used to describe babies whose
weight is low for their gestational age including intrauterine
growth restriction or retardation, foetal malnutrition, light-
for-dates and small-for-dates.

Regional Epidemiology

Low birth weight babies constitute 16 % (20 million) of all live
births worldwide. The 29th World Health Assembly (1976)
defined LBW infants as those weighing less than 2,500 g at
birth. The vast majority takes place in the developing world
ranging from 33% in South Asia to 67% in Africa. Much
higher frequencies for SGA infants are reported from India

Antimicrobial choice

Developed countries Developing countries

Ampicillin/Penicillin Ampicillin/Penicillin

Plus aminoglycoside Plus aminoglycoside
Gentamicin Or

Co-trimoxazole plus

Gentamicin

Ampicillin plus ceftriaxone Ampicillin plus

or ceftrizoxime Gentamicin

Ampicillin plus Ceftazidime

Table 3.8: In a normal infant, the brain weighs about three times
more than the liver. In asymmetrical IUGR, the brain can weigh five
or six times more than the liver

Classification of IUGR

Symmetrical Asymmetrical

The baby’s head and body are
proportionately small. May occur
when the foetus experiences
a problem foetus during early
development.

Baby’s brain is abnormally
large when compared to the
liver. May occur when the
experiences a problem during
later development

(77-90%). The aetiology of IUGR babies is summarised in
Tables 3.8 and 3.10.

Problems in low birth weight babies have been discussed
in Table 3.9.

Prevention and Recurrence

Small case reports suggested low-dose aspirin prophylaxis
during pregnancy may reduce the risk of recurrent IUGR in
women at high-risk, subsequent large randomised trials have not
confirmed significant risk reduction. Antihypertensive therapy
of hypertensive women does not improve foetal growth.

In subsequent pregnancies, any potential treatable causes
of IUGR, e.g. thrombophilic disorder should be treated
promptly.
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Table 3.9: Problems in low birth weight babies

Breathing problems

Hypothermia/Hypoglycaemia

Feeding problems

Infections

Jaundice

Coagulopathy

Polycythaemia

Diagnostic Strategies

Clearly, from what has been said, the assessment of gestational
age can be performed by doing complete history and physical
examination to look for maternal, placental or foetal disorders
associated with impaired foetal growth (e.g. alcohol abuse,
inherited or acquired thrombophilia, maternal vascular
disease). Additional imaging and laboratory evaluations are
also directed toward determining an aetiology.

Management

The management strategies for growth restricted babies in the
developing countries would be their prevention by reducing
teenage pregnancies, increasing the birth interval, improving
maternal nutrition, treating anaemia and prompt treatment
of maternal infections. These measures would promote
significant increase in the birth weights and would break
the vicious cycle of growth-retarded females who become
stunted adults and produce growth-retarded babies.

Prognosis

The preponderance of intrauterine growth-retarded infants
in the developing world related to the observation that such
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infants grow into adults with an increased risk of death from
ischaemic heart disease. Congenital malformations, peri-
natal asphyxia and transitional cardiorespiratory disorders
contribute to the high mortality rate in term IUGR infants.

Poor developmental outcome has been associated with
IUGR that involved poor head growth (symmetric [IUGR).
Impairments of verbal outcome, visual recognition memory
and general neurodevelopmental outcome have been found to
be altered at and years. Cognitive disabilities are seen more
frequently than motor disabilities.

It is hoped that the recognition of the intrauterine growth
restricted babies antenatally and in the neonatal period as a
special high-risk infant, and the prompt institution of both
therapeutic and prophylactic measures, will result in an
improved outlook for this group of growth restricted infants.

CONGENITAL MALFORMATIONS AND
INHERITED DISORDERS

The birth prevalence of congenital anomalies in developing
countries is similar to that observed in developed countries.
However, the health impact of birth defects is higher due to
a lack of adequate services for the care of affected infants,
and a higher rate of exposures to infections and malnutrition,
although as a proportion of infant deaths, is greater in
wealthier countries (Table 3.11).

A number of successful measures for the prevention
of congenital anomalies are being taken in a number of
developing nations. Primary prevention programmes are
based on public education about preconceptional and prenatal
risks. Prevention based on reproduction options includes
teratogen information services and prenatal screening for
foetal anomalies.

Table 3.10: Aetiology of intrauterine growth restriction or retardation

Maternal risk factors
» Drugs (anticoagulants, anticonvulsants)

» Cardiovascular disease—pre-eclampsia, hypertension, cyanotic heart disease, diabetic vascular lesions

» Chronic kidney disease
» Chronic infection—UTI, malaria, TB, genital infections
» Antiphospholipid syndrome, SLE

Foetal risk factors

» Exposure to rubella, cytomegalovirus, herpes simplex, tuberculosis, syphilis, or toxoplasmosis, parvovirus B19
* Achromosome defect: Trisomy 18 (Edward syndrome), trisomy 21(Down syndrome), trisomy 13 and XO

(Turner’s syndrome)
» Achronic lack of oxygen during development (hypoxia)
» Placenta or umbilical cord defects

Placental factors
» Uteroplacental insufficiency resulting from:

— Inadequate placentation in the first trimester

— Lateral insertion of placenta

— Reduced maternal blood flow to the placental bed
» Fetoplacental insufficiency due to:

— Vascular anomalies of placenta and cord

— Small placenta, abruptio placenta, placenta previa, post-term pregnancy
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Table 3.11: Major birth defects and inherited disorders
in the developing world

* Down syndrome

* Thalasaemia

Sickle cell disease
» G6PD deficiency

Oculocutaneous albinism

 Cystic fibrosis

Phenylketonuria

Neural tube defects and hydrocephalus

Congenital heart disease

Cleft lip and plate

» Developmental dysplasia of hip

In addition, programmes for the detection of congenital
malformations at birth, followed by early treatment,
are contributing to secondary prevention. Prevention of
congenital anomalies in the developing world requires:

e Good epidemiological data on the prevalence and types
of birth defects and genetic disorders

e Educating health professionals in the goals and methods of
preventing birth defects at low cost but with high impact

e Expansion of family planning and improvement of
antenatal care combined with educational campaigns to
avoid the risks for birth defects.

PREMATURITY

Preterm birth refers to a birth that occurs before 37 completed
weeks (less than 259 days) of gestation. A very preterm birth
is generally defined as less than 32 weeks of gestation and
late preterm between 34 and 37 weeks gestation. Preterm
birth is the second leading cause of infant mortality, after
congenital anomalies, and a major determinant of neonatal
and infant morbidity.

On the basis of an international disease classification
system, 61% of the early neonatal deaths were due to pre-
maturity or LBW in developing countries. It is difficult or
meaningless to compare the survival statistics of developed
and developing countries when the latter have insufficient
facilities and equipment. Poor infection control results in
serious infections that rank very high as the cause of neonatal
death in such countries. The complications associated with
prematurity are shown in Table 3.12.

RESPIRATORY DISTRESS SYNDROME

Respiratory distress syndrome (RDS) is a common cause of
neonatal mortality in many parts of the world. Developed
countries spend a vast expenditure on equipment, training
and research for babies with RDS. Such expenditure would
be inconceivable in developing countries.
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Table 3.12: Complications associated with prematurity

Respiratory distress syndrome

.

Hypothermia

Hypoglycaemia

Haemorrhagic and periventricular white matter brain injury

Bronchopulmonary dysplasia

Necrotising enterocolitis

.

Apnoea/Anaemia of prematurity

Table 3.13: Factors associated with RDS

Higher male incidence

Caesarean section without labour

Second twin

Maternal diabetes

Reports of RDS in developing countries are seldom an
overall incidence from any one country but rather from various
hospital studies. For reasons to be discussed this incidence may
increase with improvements in perinatal care. Largely, the
major determinant of the incidence of RDS is the proportion of
deliveries which are preterm. Common pulmonary conditions
that need to be differentiated from RDS are transient tachypnoea
of newborn, pneumonia, pneumothorax and PPHN. The
factors associated with RDS are shown in Table 3.13.

The diagnosis of RDS is made from the combination
of clinical and radiological findings. It is rarely occurs
over 38 weeks gestation. There is a tachypnoea, grunting,
retraction of chest wall in moderate to severe cases. Multiple
randomised, controlled clinical trials indicate the benefits of
surfactant replacement therapy, including reduction in the
severity of RDS.

The overall mortality of the RDS has now been reduced
to between 5% and 10%. Up to 50% of babies weighing less
than 1.5 kg and who survive RDS will require readmission to
a general paediatric ward within first year of life.

Hypothermia and Hypoglycaemia

Hypothermia and hypoglycaemia may be prevented through
simple and inexpensive interventions. Risk factors for
hypoglycaemia include birth asphyxia, prematurity and
hypothermia. Hypothermia is common in developing
countries, affecting more than half of all newborns in many
communities, and is associated with an increased risk of
mortality. Hypothermia also is associated with increased
rates of morbidity, including increased risk of neonatal
infections, coagulation defects, acidosis, delayed foetal-to-
newborn circulatory adjustment, hyaline membrane disease
and IVH.

Hypothermia can be prevented by simple measures
such as ensuring a warm environment during delivery,
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Table 3.14: Effects of hypothermia on babies

* Lethargy
» Poor feeding/weak cry
» Peripheral oedema

» Marked facial oedema (may give false impression of
healthy infant)

Table 3.15: Classification of IVH (Volpe)

Grade | Haemorrhage of germinal matrix

Grade I Intraventricular haemorrhage without ventricular
dilatation

Grade Il Intraventricular haemorrhage with ventricular
dilatation

Grade IV Intraventricular haemorrhage with parenchymal

involvement

early breastfeeding and skin-to-skin contact with the
mother, proper bathing, drying and swaddling, and prompt
identification and rewarming of hypothermic neonates.
Basic knowledge and practice of thermal control, however,
generally are inadequate among healthcare providers and
families in developing countries. The effects of hypothermia
on babies are shown in Table 3.14.

Haemorrhagic and Periventricular White Matter
Brain Injury [Periventricular Leukomalacia (PVL)]

The germinal matrix is a weakly supported and highly
vascularised area that is prone to rupture upon fluctuations
in cerebral blood flow. This condition remains the most
common cause of death in very LBW neonate ventilated for
RDS. Most IVH occurs in the first 72 hours after birth.

The incidence and severity of IVH is inversely
proportional to gestational age and rare after 32 weeks post-
conceptional age. The development of large IVH is usually
associated with subtle clinical deterioration in a ventilated
child with increase in ventilatory support, anaemia, fall in
blood pressure, acidosis and neurological signs. Cranial
ultrasonography is the most frequent imaging modality used
to diagnose IVH. The classification of IVH is shown in
Table 3.15.

To date, no single intervention has been found to prevent
IVH although many approaches have been tried. Best
approach would be to minimise the hemodynamic instability
during the perinatal period. Uncomplicated IVH has a good
prognosis. About 30% of infants with IVH went on to develop
post-haemorrhagic ventricular dilatation and have the highest
risk of adverse neurodevelopmental outcome. Prognosis for
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the white matter brain injury is even more difficult to ascertain
as not all brain injuries are haemorrhagic but there is no doubt
that PVL is the most powerful predictor of cerebral palsy.
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Paediatric Genetics

INTRODUCTION

With the improvements in treatment of infectious diseases
in the developed world, conditions, which are either wholly
or partially genetic in their aetiology, have become more
prominent as a cause of childhood morbidity and mortality. It
is estimated that around one-third of admissions to paediatric
wards are due to conditions with some genetic component
and therefore an understanding of basic genetic principles is
becoming increasingly important.

The field of medical genetics is an ever expanding one
and, within the context of this text it is not possible to cover
all areas of the speciality in detail. Instead, this chapter
tries to provide enough basic genetic information to allow
understanding of the aspects of medical genetics encountered
during day-to-day paediatric practice.

In practice, clinical genetics does not differ from any other
speciality, in that the clinician’s ability to make a diagnosis
relies on the same skills, i.e. the ability to take a detailed
history, including pregnancy and family history, perform a
physical examination, arrange appropriate investigations and
interpret the results. However, the emphasis may be slightly
different with more time being taken over the family history
and the physical examination may extend to other members
of the family as well as the child who is the patient.

HISTORY

A detailed history of a child’s illness is always required
when a child is seen as an outpatient or admitted to hospital.
Obviously if a child is admitted acutely unwell then treating
the current illness is paramount, but if a genetic cause for
the illness is suspected it is important, once the child’s
condition is stable, to return to asking questions about the
child’s previous health, growth and development in much
more detail.

In addition to trying to ascertain genetic factors which
may have contributed to the child’s illness it is equally

important to look for nongenetic factors which may offer
an explanation and allow a genetic cause to be excluded: for
instance a history of significant perinatal asphyxia in a child
with severe microcephaly and seizures or the ingestion of
teratogens such as alcohol or antiepileptic medication during
pregnancy if a child has multiple congenital anomalies.

Care has to be taken when drawing family trees in
order to get the correct information without causing offence
or distress to the family. For instance, many parents feel
guilty if their child has been diagnosed with a genetically
inherited condition and worry that it may have been inherited
from their side of the family. In the developed world, it is
not unusual for a woman to have had children by several
different partners and sensitivity must be used while
obtaining this information. Similarly, in other populations,
asking questions about consanguineous (related) marriages
may also cause concern.

Within the genetics clinic, family trees or ‘pedigrees’ are
usually drawn to at least three generations. An example of
various family trees is shown in Figure 4.1. The child, who
brings the family to medical attention is usually known as the
‘proband’ with his parents being referred to as ‘consultands’.
By convention, males are represented by squares and are
drawn to the left of a couple and females are represented by
circles. ‘Affected’ individuals are shaded in, while carriers
of recessive disorders and chromosome translocations are
half shaded and female carriers of X-linked disorders are
indicated by a central dot. Other commonly used family tree
symbols are listed in Figure 4.1.

Well before people were interested in human genetics,
patterns of inheritance had been recognised both in animal
breeding and plant crossing experiments. In the 19th century,
Gregor Mendel was the first person to propose the idea of
‘recessive’ genes to explain why some traits appeared to ‘skip
generations’. Nowadays many patterns of inheritance are
recognised and often by drawing a family tree it is possible
to predict the ‘risk’ to offspring of subsequent generations
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Family 1

Family 2

Family 3
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D\ Proband

Unaffected male
Unaffected female
Affected male
Affected female

EOemNON

@ Carriers of recessive disorder
Female carries of X-linked disorder
Not a carrier by testing
Consanguineous union

Monozygous twins
Dizygous twins
Spontaneous abortion

3 siblings—sex not specified
No children

Pregnancy
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Fig. 4.1: Patterns of inheritance

even in situations where no specific genetic diagnosis has
been made.

PATTERNS OF INHERITANCE

Autosomal Dominant Inheritance

With conditions which are autosomal dominantly inherited
the condition typically appears to occur in all generations of
a family and males and females are equally affected [Fig.
4.1 (Family 1)]. The important point to note with dominantly
inherited conditions is that males can pass the condition to
their sons and this can be a useful feature for distinguishing
an autosomal dominant condition from an X-linked condition
where females are sometimes ‘affected’.

The clinical status of an individual is usually referred
to as ‘phenotype’ whereas their genetic constitution is the
‘genotype’. Some autosomal dominant conditions are not
fully penetrant, which means that not all individuals, who
inherit the mutant gene, will be clinically affected and
others may be so mildly affected that the condition is not
immediately noticed. For this reason an autosomal dominant
condition may appear to ‘skip’ a generation and then return.
Thus, when a condition is known to have variable penetrance
it is important to exercise caution when determining the risk
to the next generation, even when an individual has a normal
phenotype.

Males and females affected by an autosomal dominant
condition will transmit the condition to 50% of their sons and
50% of their daughters.

Autosomal Recessive Inheritance

Typically autosomal recessive conditions only affect
individuals in one generation of a family [Fig. 4.1 (Family 2)]
but exceptions to this will occur when the carrier frequency
of the gene in a population is high, e.g. 1:10 people of
Caucasian origin are carriers of a haemochromatosis gene
mutation and therefore it is not uncommon for a person who
is affected by haemochromatosis to have a partner who is a
carrier of the condition, resulting in the possibility of their
offspring also being affected. This phenomenon is known
as ‘pseudodominance’. Autosomal recessive conditions may
also occur in more than one generation of a family if there
are many consanguineous marriages within the family.
When both parents are carriers of an autosomal recessive
condition they will transmit the condition to 25% of their
children whether they are male or female and 50% of their
children will be carriers. A person affected by an autosomal
recessive condition will have a low-risk of having an affected
child, provided that their partner is not a relative and that the
carrier frequency of the condition in the population is low.

X-Linked Recessive Inheritance

X-linked recessive conditions generally only affect males and
never pass from father to son [Fig. 4.1 (Family 3)]. However,
occasionally a female may be affected by an X-linked
recessive condition if she only has one X-chromosome (as a
result of also having Turner’s syndrome), if she has a skewed
X-inactivation pattern (discussed later) or if she has inherited
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a mutant gene on both of her X-chromosomes, which may
occur if (a) her father is affected by the condition and her
mother is a carrier, (b) a new mutation arises in the gene on
one X-chromosome and her other X-chromosome is inherited
from a parent who is affected or a carrier.

Female carriers of an X-linked recessive condition will
have a 25% chance of having an affected son and a 25%
chance of having a carrier daughter. All of the daughters of
a male affected by an X-linked recessive condition will be
carriers and none of his sons will be affected.

X-Linked Dominant Inheritance

X-linked dominant conditions also affect both males and
females and occur in several generations of a family but their
distinguishing feature is that they never pass from father to
son.

A female affected by an X-linked dominant condition
will transmit the condition to 50% of her sons and 50% of
her daughters. A male affected by an X-linked dominant
condition will transmit the condition to all of his daughters
and none of his sons.

Mitochondrial Inheritance

Although the majority of DNA inherited from parents occurs
within the chromosomes in the nucleus of cells, a small
amount of DNA also occurs within the mitochondria, which
are the organelles responsible for cell energy production. As
sperm do not contain any mitochondria, conditions, which
occur as a result of mutations in mitochondrial DNA, are
always maternally transmitted.

The proportion of mitochondria containing the mutant
gene varies from cell-to-cell in all tissues of the body and
therefore an individual’s phenotype will also vary depending
on the proportion of mutant mitochondria in relation to normal
or ‘wild-type’ mitochondria. It can be extremely difficult to
predict the chance of a woman having an affected child,
if she is either affected by or a carrier of a mitochondrial
condition. The various possibilities arising in this situation
are illustrated in Figure 4.2.
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Polygenic Inheritance

Many congenital anomalies and later onset diseases, e.g.
diabetes and hypertension occur more commonly in some
families than would be predicted from the population
incidence of the disorder, but do not follow the patterns of
single gene inheritance, described above. Such conditions
are referred to as ‘polygenic’ or ‘multifactorial’ and their
aetiology involves both genetic and environmental factors.
In this situation the disorder only occurs if an individual
inherits a sufficient quantity of ‘susceptibility’ genes and
is also exposed to specific environmental factors. Many
of these multifactorial conditions exhibit a threshold effect
(Fig. 4.3) and it is only when this threshold is exceeded that
the condition occurs.

For the majority of multifactorial disorders neither the
susceptibility genes nor the specific causative environmental
factors are known. The exception to this is perhaps illustrated
with neural tube defects where the result of the MRC
multivitamin trial published in 1991, concluded that the risk
of neural tube defects occurring could be reduced by 60-70 %
with periconceptual folic acid supplementation. This in effect
moved the ‘threshold’ to the right of the curve. Conversely,
it is well-recognised that taking folic acid antagonists, such
as some antiepileptic drugs, during pregnancy increases the
risk of neural tube defect and in this case the threshold is
shifted to the left of the curve (Figs 4.4A and B).

In order to predict the recurrence risk for multifactorial
conditions, geneticists rely on population studies which
provide ‘empiric’ recurrence risks. For most of the congenital
anomalies the risk figures lie between 2 and 5%. If a couple
have a second affected child the risk increases, since it is
more likely that for this particular family genetic factors are
involved.

Clinical Examination and Dysmorphology

The clinical examination of a child within the genetics clinic
does not differ in any way from that carried out elsewhere, but
making a ‘genetic diagnosis’ often relies on the recognition



Hutchison's Paediatrics D

Figs 4.4A and B: Repaired neural tube defect in a girl who also has facial features of ‘foetal valproate syndrome’
(flat nasal bridge, hypertelorism, infraorbital crease, long smooth philtrum)

. . Upslanting
Epicanthic
palpebral
folds fissures
Brushfield
spots
Broad flat
nasal
bridge
Hypotonic
open-
mouthed
appearance

Protruding tongue

Fig. 4.5: Down’s syndrome (trisomy 21) facial appearance

of patterns of clinical features and symptoms. It is only with
experience that the more common ‘syndromes’ become
easily recognised and often it is a facial ‘gestalt’, i.e. overall
appearance, rather than individual features which suggests a
likely diagnosis. For instance the child with Down’s syndrome
(Fig. 4.5) is easily identified by people who have no medical
knowledge, because it is a relatively common condition.
It is impractical to memorise the features of hundreds of
genetic syndromes and modern day geneticists frequently
use computerised dysmorphology databases to aid diagnosis.
These databases contain information on the clinical features
of syndromes compiled from the published literature and by

Fig. 4.6: Ectrodactyly (split-foot)

searching on a patient’s key clinical features it is possible to
obtain a list of suggested diagnoses, which aids the direction
of further investigations in order to confirm or exclude a
particular diagnosis. Clinical features may be regarded as
‘hard handles’ if they only occur with a small number of
conditions, e.g. ectrodactyly (Fig. 4.6), whereas features
such as single palmar creases and hypoplastic nails (Figs
4.7A and B) are ‘soft signs’, which occur with many different
genetic diagnoses. Features such as marked asymmetry of
any part of the body (Fig. 4.8) or patchy abnormalities of
skin pigmentation are suggestive of ‘mosaicism’ and a skin
biopsy should be considered.
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Figs 4.7A and B: (A) Hypoplastic nails; (B) Single palmar crease

Patchy skin
pigmentation

Left leg placed
forward of

right leg to
correct leg length
discrepancy

=. |

Fig. 4.8: Asymmetry

INVESTIGATIONS

The diagnosis of many genetic disorders can be made on the
basis of biochemistry results, e.g. sweat electrolytes in the
case of cystic fibrosis or urinary glycosaminoglycans in the
case of the mucopolysaccharidoses. Similarily, radiographs
are an essential tool for the diagnosis of inherited skeletal
dysplasias (discussed in Chapter 32). However, the investi-
gations specific to the field of genetics are chromosome tests

(cytogenetics) and DNA analysis (molecular genetics), which
are discussed in more detail below.

Cytogenetics

The study of chromosomes was perhaps the earliest branch
of medical genetics to develop, with Hsu and Levan being
the first to accurately observe human chromosomes in 1952
and the correct human chromosome number being recorded,
in 1956, by Tjio and Levan.

Chromosomes are the structures in the nucleus of the
cell into which DNA is packaged. In humans there are 46
chromosomes in all nucleated cells except the gametes. The
46 chromosomes occur as 23 pairs, with one copy of each pair
being inherited from the mother and the other from the father.
The first 22 pairs of chromosomes are the same whether an
individual is male or female and are known as ‘autosomes’
and the remaining pair are the ‘sex chromosomes’. Females
have two X sex chromosomes while males have one X and
one Y sex chromosome. The chromosome constitution of an
individual is usually referred to as their karyotype and the
normal karyotype for a female is denoted 46, XX and for a
male 46, XY.

The chromosomes can only be examined in dividing cells
and are best seen during the metaphase stage of mitosis. For
this reason it usually takes around 1 week to get the result
of a chromosome test. Various staining techniques can be
used to examine chromosomes with the light microscope
in order to show the ‘banding pattern’ along the length of
each chromosome. The stain most commonly used is Giemsa
which reveals dark and light regions of chromosomes rather
like a bar-code (Fig. 4.9) and by searching for variations in
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Fig. 4.9: Giemsa-banded chromosomes

33 <+«—— 'p'arm

12 <+— Centromere

.

<+———'g'arm

32.1
32.2
323

421
42.2
423

44

Fig. 4.10: Chromosome diagram

the pattern created by these bands, trained cytogeneticists are
able to identify structural abnormalities along the length of
any chromosome. The chromosomes are photographed and
then arranged in their pairs starting with the largest autosome
to the smallest and finally the sex chromosomes. The
diagrammatic representation of a chromosome (Fig. 4.10)
shows that the chromosome is divided into two arms—(1)
the ‘p’ short arm and (2) the ‘q’ long arm—by the narrowed
centromere region. With the larger chromosomes the ‘short
arms’ are almost as long as the ‘long arms’.
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Numerical Chromosome Abnormalities

Soon after the correct number of human chromosomes was
determined it was recognised that numerical abnormalities
of chromosomes were associated with clinical disorders.
Numerical abnormalities can arise with both the autosomes
and sex chromosomes.

Numerical Abnormalities of Autosomes

Extra or missing copies of any of the autosomes can arise as
a result of nondysjunction occurring during meiosis, which
is the process by which the total chromosome number is
halved during gamete formation. Numerical abnormalities
of chromosomes are known as ‘aneuploidy’ and most
autosome aneuploidies are incompatible with survival,
leading to spontaneous abortions of affected pregnancies.
The exceptions to this are trisomies of chromosomes 13,
18 and 21 and the clinical features of these conditions are
summarised in Table 4.1.

Trisomy 13 (Fig. 4.11) and trisomy 18 (Fig. 4.12) are
both associated with multiple congenital anomalies and the
majority of babies born with these conditions die within
the first year of life. These autosomal trisomies occur with
increased frequency with increasing maternal age and tables
are available for advising women of their age-related risk of
having a live born baby with an autosomal trisomy. After
a couple have had a child with an autosomal trisomy, the
risk of recurrence for future pregnancies is around 1% and
prenatal diagnosis could be offered in the form of chorionic
villus sampling or amniocentesis.

The most frequent autosomal trisomies found in tissue
from spontaneous abortions are trisomy 16 and trisomy 22,
but these are generally only found in live born babies in
the mosaic state, i.e. the situation where only a proportion
of the patient’s cells have the chromosome abnormality
(Fig. 4.13). Such mosaic aneuploidies are often only identified
by carrying out chromosome analysis of a fibroblast culture
from a skin biopsy. Analysis of skin chromosomes should
always be considered if a patient has marked asymmetry
or if a diagnosis of Pallister-Killian is being considered.
Pallister-Killian arises as a result of mosaic tetrasomy 12p,
i.e. some cells have two additional copies of the short arms
of chromosome 12 joined together to form an additional
chromosome. The clinical features of Pallister-Killian
syndrome are summarised in Table 4.2.

Numerical Abnormalities of Sex Chromosomes

It is unusual for abnormalities of the sex chromosome number
to be detected in newborn babies as they are not usually
associated with physical abnormalities. The exception to
this may be girls affected by Turner’s syndrome, who have
only one X-chromosome (i.e. a 45, XO karyotype) and who
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Table 4.1: Autosomal trisomies

Trisomy  Name Approximate birth  Main clinical features
incidence

13 Patau’s 1:5,000 Cleft lip and palate, microcephaly, holoprosencephaly, seizures, severe learning disability,
syndrome scalp defects, colobomata, microphthalmia, cardiac defects, exomphalos, polydactyly

18 Edwards 1:3,000 Low birth weight, female preponderance, small facial features, prominent occiput, severe
syndrome learning disability, low set malformed ears, cardiac defects, renal anomalies, flexion deformities

of fingers, rocker-bottom feet

21 Down'’s 1:700 Hypotonia, flat occiput, up-slanting palpebral fissures, epicanthic folds, Brushfield spots,

syndrome flat nasal bridge, protruding tongue, learning disability, cardiac defects, intestinal atresia,

imperforate anus, Hirschsprung’s disease

Table 4.2: Pallister-Killian syndrome—clinical features

Pallister-Killian syndrome

Neurological features Profound learning disability, seizures profound hypotonia

Dysmorphic facial features General ‘coarse’ appearance, high forehead, sparseness of hair in frontal region in infancy, hypertelorism,
epicanthic folds, flat nasal bridge, large mouth with down turned corners, macroglossia, abnormal ears

Other features Pigmentary skin anomalies, short neck, diaphragmatic hernia, supernumerary nipples

. Sy -
Fig. 4.11: Trisomy 13—note exomphalos and polydactyly

Fig. 4.12: Trisomy 18—typical overlapping fingers

Fig. 4.13: Mosaic trisomy 22—note marked facial asymmetry

may have congenital malformations (Fig. 4.14). Even in the
absence of structural malformations, a diagnosis of Turner’s
syndrome may be suspected in a newborn infant because
of intrauterine growth retardation and the presence of
lymphoedema. This can, on occasions, persist into adulthood
(Fig. 4.14).



Turner’s syndrome

Low birth weight
Short stature

Neck webbing

Normal IQ—but some
neurocognitive and psycho-
social behavioural problems

Hypothyroidism

Cardiac defects (predominantly
bicuspid)

Aortic valves and coarctation

of the aorta

Renal anomalies

Gonadal dysgenesis and infertility
Lymphoedema

Fig. 4.14: Clinical features of Turner’s syndrome

A 47, XYY karyotype is often detected by chance when
chromosomes are being checked for an unrelated reason, e.g.
a family history of a structural chromosome abnormality, as
this chromosome abnormality is not usually associated with
any phenotypic effect. There are some studies which suggest
that behaviour abnormalities are more common in boys
with 47, XYY karyotypes, but this probably just reflects
the fact that boys with behavioural abnormalities are more
likely to have their chromosomes checked. An additional
X-chromosome present in a male (i.e. 47, XXY karyotype)
is generally referred to as Klinefelter’s syndrome and in a
female (i.e. 47, XXX karyotype) is called triple X-syndrome.

In females, with normal Kkaryotypes, only one
X-chromosome is active in each cell and the other is
condensed into a structure called a ‘Barr body’. The
X-chromosome which is active varies from cell-to-cell,
usually with the maternal X being active in 50% of cells and
the paternal X being active in the remaining 50%. If this is
not the case it is referred to as ‘skewed X-inactivation’. In
children with additional copies of the X-chromosome, only
one X-chromosome remains activated and the additional
copies are inactivated to form extra Barr bodies.

Males with Klinefelter’s syndrome are usually diagnosed
in adulthood as they are taller than would be predicted from
their parental heights and have hypogonadism, resulting in
infertility.

Females with triple X-syndrome are also taller than
average and some may experience fertility problems. Around
30% of girls with triple X-syndrome have significant learning
difficulties and mild learning difficulties may occur in a small
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proportion of males with 47, XXY or 47, XYY karyotypes.
Multiple extra copies of the sex chromosomes can also occur,
e.g. 48, XXYY, 48, XXXX or even 49, XXXXY karyotypes.
In general higher numbers of additional X-chromosomes are
associated with significant learning difficulties.

The frequency of Turner’s syndrome is around 1:3,000
female births, while the frequency of Klinefelter’s syndrome,
triple X-syndrome and 47, XYY is around 1:1,000 live births.

Sex chromosome aneuploidies are not associated with
increased maternal age and the recurrence risk for future
pregnancies is not increased.

Structural Chromosome Abnormalities

Structural  chromosome  abnormalities are  termed
‘unbalanced’ if there is loss or gain of chromosomal material
and ‘balanced’ if the overall amount of chromosomal
material remains unchanged. Generally speaking balanced
chromosome abnormalities are unlikely to cause any adverse
effect. The main categories of structural chromosome
abnormalities are listed below and illustrated in Figure 4.15.

Robertsonian Translocations

A Robertsonian translocation is the fusion of two of the
smaller chromosomes at their centromeres. During this
process the short arms of the chromosomes are lost, but as
these contain no essential genetic material, no harmful effect
occurs. A carrier of a balanced Robertsonian translocation
will have a total of 45 chromosomes as the two fused
chromosomes are counted as one. Similarly, the correct
cytogenetic nomenclature for a person with an unbalanced

1
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Fig. 4.15: Structural chromosome rearrangements
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Robertsonian translocation, describes them as having 46
chromosomes, but they will of course have three copies of
the long arms of one of the chromosomes involved in the
translocation.

Carriers of balanced translocations are at risk of having
children with unbalanced chromosomes. The actual risk
varies depending on: (a) the chromosomes involved in the
translocation—highest when chromosome 21 is involved and
(b) the sex of the parent who is a carrier—higher when it
is the mother. It is important to recognise that all of the
children of a carrier of a 21:21 Robertsonian translocation,
will be affected by Down’s syndrome.

Reciprocal Translocations

A reciprocal translocation is the exchange of segments of
chromosomal material between nonidentical chromosomes,
usually two chromosomes are involved but complicated
exchanges between several chromosomes can occasionally
occur. This is detected by there being a disruption to the
normal banding pattern along the length of the chromosomes
involved.

Carriers of balanced reciprocal translocations are
healthy but as they produce a proportion of chromosomally
abnormal gametes they may present with infertility,
particularly in males, or recurrent miscarriages. Sometimes
an individual will be identified as being a carrier of
balanced reciprocal translocation following the birth of
child with congenital malformations, dysmorphism or
learning disability, if investigations reveal the unbalanced
form of the translocation in the child. The birth of a live
born child with chromosomal imbalance arising from a
reciprocal translocation, is more likely to occur if the length
of the chromosomal segments involved in the translocation
represent less than 5% of the overall length of all 46
chromosomes.

Inversions

An inversion is the term used to describe a segment of
chromosome, which has broken away and then rejoined in
the same position but rotated through 180°. If the inverted
segment is confined to one arm of the chromosome it is
termed a ‘paracentric inversion’ and if the segment spans
the centromere it is termed a ‘pericentric inversion’.
Chromosomal inversions usually have no phenotypic
effect, but they interfere with meiosis and again may result
in chromosomally abnormal gametes being produced.
The chromosome abnormalities arising from paracentric
inversions are unlikely to be compatible with survival
and are, therefore, more likely to result in recurrent early
miscarriages. Pericentric inversions, on the other hand,
may result in small chromosomal deletions or duplications
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and can result in live born children with malformations or
learning disability arising from chromosomal imbalance.

Chromosomal Deletions and Duplications

Deletions or duplications of chromosomal segments may
arise and most of these are unique to the individuals in whom
they are identified. However, there are some regions of
chromosomes which are more prone to deletions or other
rearrangements. These are termed ‘subtelomeric’ if they
occur at the ends of the chromosomes and ‘interstitial” if they
occur elsewhere. It is now clear that many of these recurrent
rearrangements give rise to recognisable dysmorphic
syndromes (Table 4.3 and Fig. 4.16) and that some of the
variability in the features of these syndromes is due to the
size of the deletion and the number of genes which are
missing as a result.

Many chromosomal deletions are visible when observing
chromosomes with the light microscope but others are too
small to be seen and require a specialised technique, called
fluorescent in situ hybridisation (FISH) to be detected.
FISH is basically a molecular genetic technique (discussed
later) whereby a fluorescent probe is attached to the region
of interest of the chromosome. In the normal setting two
fluorescent signals should be seen, i.e. one on each of the
chromosome pair, but if that particular region of chromosome
is deleted, only one signal will be seen. In practice two
different probes of different colours are used—one purely to
identify the particular chromosome of interest and the other
for the specific region (Fig. 4.17).

Uniparental Disomy and Imprinting

Uniparental disomy (UPD) is a relatively recently recognised
form of chromosome abnormality. It is defined as the
‘inheritance of a pair of homologous chromosomes from one
parent’, with no copy of that chromosome being inherited

Table 4.3: Chromosomal deletion syndromes

Chromosome Syndrome

segment

4p16.3 Wolf-Hirschhorn syndrome

5p15.2 Cri-du-Chat syndrome

5035 Sotos syndrome

7q11.23 Williams syndrome

11p15.5 Beckwith-Wiedemann syndrome
13g14.11 Retinoblastoma

15g12 Angelman and Prader-Willi syndromes
16p13.3 Rubinstein-Taybi syndrome

17p11.2 Smith-Magenis syndrome

22q11.2 DiGeorge/Velocardiofacial syndrome



Angelman’s Syndrome

Severe learning disability,
Happy disposition,
Virtually absent speech,
Seizures, Hypotonia,
Ataxic gait, Microcephaly,
Prominent jaw, Large
open mouth, Protruding
tongue

Velocardiofacial Syndrome

Mild-moderate learning
disability, Cardiac defects,
Palatal anomalies,
Hypocalcaemia, Thymic
aplasia, Myopathic facies,
Short palpebral fissures,
Long nose, Broad nasal
tip, Ear anomalies, Long
Slender fingers
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Prader-Willi Syndrome

Mild-moderate learning
disability, Severe neonatal
hypotonia, Poor suck and
weak cry, Hypogonadism,
Hyperphagia and obesity in
childhood, short stature,
Small hands and feet,
Bitemporal narrowing of the
skull, ‘Almond’ shaped eyes,
Upslanting palpebral
fissures, Stabismus

Williams Syndrome

Moderate learning disability,
Characteristic outgoing
personality, Heart defects
(supravalvular aortic
stenosis most commonly),
Renal anomalies,
Hypercalcaemia,
Hyperacusis, Short stature,
‘Elfin’ facies, Full cheeks,
Thick lips, Stellate irides,
Features coarsen with
increasing age

: \L il

Fig. 4.16: Clinical features of some chromosome microdeletion syndromes

Fig. 4 17: FISH technique used to detect the 22911.2 deletion as-
sociated with velocardiofacial syndrome

from the other parent. There are various mechanisms by which
UPD can arise but it is thought that it most commonly occurs
as a result of ‘trisomic rescue’, i.e. the loss of one copy of a
chromosome during early cell division in an embryo which
was originally destined to be trisomic for that chromosome.
With most autosomal genes, both the paternal and
maternal copies of the gene are expressed, but a small

number of genes are ‘imprinted’, which means that only the
maternal or paternal (depending on the particular gene) copy
is expressed. Therefore, although UPD can occur without
clinical effect, for certain chromosomes it can mimic a
deletion of an imprinted gene, e.g. Angelman syndrome, can
arise as a result of a deletion of the maternal copy of the
chromosome region 15q12, but it will also occur if a child
has paternal UPD of chromosome 15, since there will be no
maternal copy of 15q12 present. Other conditions arising as
the result of abnormalities of imprinted genes are summarised
in Table 4.4. ‘Isodisomy’ is a form of UPD where a child
inherits two identical copies of the same chromosome
from one parent and ‘heterodisomy’ is the inheritance of a
homologous pair of chromosomes from one parent. Thus,
another consequence of UPD may be the occurrence of an
autosomal recessive disorder in a child, when only one of

Table 4.4: Syndromes due to abnormalities in the
expression of imprinted genes

* Angelman syndrome

» Prader-Willi syndrome

» Beckwith-Wiedemann syndrome
* Russell-Silver syndrome

* Transient neonatal diabetes
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Fig. 4.18: Infant with multiple congenital anomalies
due to maternal UPD 16

the parents is a carrier of the disorder. The first case of UPD
reported was in fact a child with short stature and cystic
fibrosis, which occurred as a result of maternal isodisomy of
chromosome 7.

Another consequence of UPD of certain chromosomes
is a recognisable pattern of congenital malformations, e.g.
UPD of chromosome 16 can give rise to intrauterine growth
retardation, cardiac defects, imperforate anus, scoliosis,
hypospadias and hernia (Fig. 4.18).

Molecular Genetics

Before discussing the more clinical aspects of molecular
genetics, it is useful to review some basic genetic principles.
Deoxyribose nucleic acid (DNA) is the genetic template
required to construct all the enzymes and proteins, which
are necessary for the formation and function of the human
body. DNA consists of strands of nucleic acids, containing
the bases, adenosine, guanine, cytosine and thymine, held
together by a sugar-phosphate backbone (Fig. 4.19). Each
DNA molecule exists as two of these strands wrapped around
each other to form a ‘double helix’. The variable part of
the DNA chain is the order of the bases along the backbone
and the two strands of DNA are linked by hydrogen bonds
between these bases. As a result of their shapes adenine
always pairs with thymine and cytosine always pairs with
guanine.

It is the order of the DNA bases which form the
‘genetic code’ required for the production of amino acids
and subsequently proteins. The code is a triplet code, as
each three bases codes for an amino acid or provides the
instruction ‘stop’ at the end of a peptide chain. As there are
43, i.e. 64 possible combinations of these bases and only
20 amino acids, the code is said to be ‘redundant’ and more
than one triplet may code for the same amino acid. This
can obviously be useful when it comes to DNA mutations
arising since not all base substitutions will alter the sequence

Sugar molecule

Guanine r---{ Cylosine

Thymine }---{ Adenine

Adenine }---{ Thymine

Cytosine }-:-{ Guanine

Hydrogen bond

Fig. 4.19: DNA structure

of amino acids in a protein and therefore the protein function
will not be lost. Such harmless substitutions are referred to
as ‘harmless’ or ‘benign’ polymorphisms.

In order to understand how this system works it is
necessary to look at the DNA molecule, shown in Figure 4.19,
more closely. The deoxyribose sugars of the DNA backbone
each have two hydroxyl groups, which occur at the 3 prime
and 5 prime positions (denoted 3' and 5' respectively). The
phosphate molecules join the sugar molecules together by
forming a phosphodiester bond between the 3' hydroxyl
group of one deoxyribose molecule and the 5' hydroxyl group
of another. This gives the DNA strand a direction, running
from the free 5' hydroxyl group of the first deoxyribose
molecule to the free 3' hydroxyl group of the last. The two
strands of DNA will of course be ‘complimentary’ in view
of the base pairing, with one strand running in one direction
an the other in the opposite direction.

DNA replication is an extremely complicated process,
whereby the strands of DNA are separated and copied to
produce new daughter strands. The process is initiated
by the enzyme DNA polymerase and as the initial strands
are separated, new deoxyribonucleoside triphosphates are
added in a 5' to 3' direction. The process is said to be
semiconservative as each new DNA molecule will consist of
one of the initial ‘parent’ strands bound to a new ‘daughter’
strand.

It was originally thought that genes consisted of a length
of DNA providing the triplet code for the necessary amino
acids to form a peptide chain. However, it is now recognised
that this is not the case and the DNA sequence of each gene
contains regions in between its protein coding sequence,
known as intervening sequences (IVS). The nomenclature
generally used is ‘exons’ (protein coding sequences) and
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‘introns’ (intervening sequences). There are particular DNA
codes which herald the start (TAG) and end of protein
synthesis (TAA, TAG or TGA). Similarily, the dinucleotides
GT and AG are found at the start and end of introns,
respectively. Other particular nucleotide codes, which may
be some distance away from the first exon of a gene, are also
important for protein synthesis and are known as promoter
regions.

The first stage of protein synthesis is known as
transcription and involves the processing of messenger
RNA (mRNA). DNA acts as a template for the production
of mRNA and is read in a 5' to 3' direction. The process
is initiated by enzymes known as RNA polymerases, which
separate the strands of DNA. As with DNA replication
the order of bases along the strand of mRNA, which is
produced, are complimentary to the original DNA bases.
The only difference between DNA and RNA is that the
backbone sugar is ribose rather than deoxyribose and in
RNA the base thymine is replaced by the base uracil. The
primary transcript of mRNA, which is produced, contains
the entire DNA coding region, including introns and exons.
The mRNA then undergoes a number of processing steps,
which result in the introns being cleaved out and the exons
being spliced together (Fig. 4.20). Finally, the mRNA is
modified by the attachment of various adenylic acids and
protein molecules, which serve to protect the mRNA as it
passes from the nucleus into the cytoplasm, in preparation
for protein synthesis.
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The process of protein synthesis also involves several
different steps, namely ‘initiation’, whereby the ribosome is
assembled on the mRNA, ‘elongation’, where complimentary
tRNA molecules attach to each codon in turn, resulting in the
addition of amino acids to the growing peptide chain and
finally ‘termination” when the polypeptide is released into the
cytoplasm.

Not surprisingly with such a complicated process, errors
(mutations) can arise and this results in the genetically
inherited single gene disorders. There are various different
types of mutation and these are summarised in Table 4.5.

Molecular Genetic Investigations
Southern Blotting

This is one of the older techniques used for DNA analysis,
but it is still sometimes needed for detecting large genomic
rearrangements, such as the large trinucleotide repeats which
can occur in patients with myotonic dystrophy. The Southern
blotting technique is labour intensive and it can take several
weeks to obtain results when this process is used.

Polymerase Chain Reaction

For many single gene disorders ‘polymerase chain reaction’
(PCR) is now the method of choice for DNA analysis. This
process allows the analysis of short sequences of DNA which
have been selectively amplified and tests looking for common
recurring mutations, such as in cystic fibrosis, or known

GT......AG GT......AG
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Fig. 4.20: DNA translation and transcription
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Table 4.5: Types of mutation

Type of mutation Outcome

Point mutation: A single base substitution
a. Missense mutation
b. Nonsense mutation

Insertion or deletion Alteration of the reading frame

Base change results in different amino acid

Base change results in ‘stop’ and a shortened protein

If a complete codon is deleted an amino acid will be missing from the protein, which may or may not affect

function

Trinucleotide repeat

After a particular threshold is expansion reached protein function is altered

Severity of the disorder is generally related to the size of the expansion

familial mutations which have previously been detected by
other methods, can provide results within 48 hours.

DNA Sequencing

This type of testing reveals the specific sequence of bases within
a region of DNA and compares them to reference sequence
data in order to determine if any substitutions, deletions, etc.
have occurred. Much of this type of DNA testing is now
computerised but it can still take lengthy periods of time to
get results, particularly if the gene being investigated is large.

Molecular Cytogenetics

With advancing technology the distinction between
cytogenetic tests and molecular genetic tests is disappearing
and more and more frequently molecular genetic techniques
are being used to detect chromosome abnormalities. The
two main techniques used are: (1) Multiple ligand probe
amplification (MLPA)—This technique is a new high
resolution technique for detecting copy number variation of
a large number of DNA segments simultaneously and it can,
therefore, be used to provide a rapid screen for deletions and
duplications at a number of sites throughout the genome. For
instance it can be used to screen for very small chromosomal
deletions or duplications in children with learning disability
and dysmorphism, in whom conventional cytogenetic testing
has failed to reveal any abnormality. (2) Array comparative
genomic hybridization (Array CGH)—With this technique a
DNA sample from the patient and a ‘normal control” DNA
sample are labelled with different coloured fluorescent dyes
(usually red and green) and spread onto a solid surface, which
has previously been spotted with short stretches of DNA. The
samples bind to these areas of DNA and where there is no
difference between the patient and control samples the ‘spots’
look yellow and where the patient has additional chromosomal
material (i.e. a duplication) the spot looks red or is missing
chromosomal material (i.e. a deletion) the spot looks green
(Fig 4.21). These spots are subsequently scanned and a
computerized analysis is carried out to determine the specific
regions of chromosomal imbalance and assess which genes

Deletion

Fig 4.21: Array CGH

are likely be affected by the loss or gain of chromosomal
material.

Single Gene Disorders

The clinical features of many of the single gene disorders
have been discussed in other chapters throughout this book,
but it may be useful to look at a few specific disorders from
a genetics perspective.

Neurofibromatosis Type 1

Neurofibromatosis type 1 (NF1) (von Recklinghausen’s
disease) is one of the most common genetically inherited
disorders, having an incidence of approximately 1:3,000. It
occurs as a result of mutations in the NF1 gene on chromosome
17 and is essentially fully penetrant, although the phenotype
can be extremely variable. In around half of the affected
individuals there is a family history of the condition and in
the remainder the condition has occurred as a result of new
mutations. The main clinical features are: café au lait patches
(Fig. 4.22) which are usually present by 5 years of age,
cutaneous neurofibromata, iris Lisch nodules and axillary and
groin freckling. Most affected individuals are shorter than
average and have larger than average head circumferences.
Mild to moderate learning difficulties are common. Regular
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Fig. 4.23: Plexiform neurofibroma

follow-up is required as a small proportion of people with NF1
develop more severe complications such as pseudoarthroses
(present from birth), plexiform neurofibromata of the head
and neck (usually present within the first year of life), optic
gliomata (usually present by 6 years of age), plexiform
neurofibromata of other parts of the body as seen in
Figure 4.23 (usually present before puberty) and scoliosis
(usually present between age 6 years to puberty).

In adulthood, other complications such as hypertension
(both essential and secondary to renal artery stenosis or
phaeochromocytoma) and malignant peripheral nerve sheath
tumours may also occur so follow-up is generally life long.

The NF1 gene is a very large gene and mutation analysis
is possible, but as NF1 can usually be easily diagnosed on
clinical grounds, genetic testing is rarely necessary.
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NF1 should not be confused with neurofibromatosis type
2 (NF2), which is a completely separate disorder due to a
gene on chromosome 22. Although patients affected by NF2
may have café au lait patches, they seldom have six or more
and they do not have the axillary and groin freckling found
in NF1. The most common presenting feature is bilateral
vestibular schwannomas.

Tuberous Sclerosis

Tuberous sclerosis complex (TSC) occurs with an incidence
of 1:5,000-6,000. It can occur as a result of mutations in
two different genes, TSC1 (located on chromosome 9) and
TSC2 (located on chromosome 16). The condition is now
thought to be fully penetrant and recurrences which have
occurred when parents are apparently unaffected are now
recognised to be due to one of the parents having minimal
clinical features such as periungual fibromata (Fig. 4.24) and
the phenomenon of ‘gonadal mosaicism’, whereby one of
the parents is a carrier of the mutation only in their gametes.

TSC is a multisystem disorder with extreme variability in
the phenotype, even within one family. The clinical features
are divided into major features (facial angiofibromata, ungual
and periungual fibromata, forehead plaques, hypomelanotic
macules, shagreen patches (connective tissue naevi),
multiple retinal hamartomata, cortical tubers, subependymal
nodules, subependymal giant cell astrocytomata, cardiac
rhabdomyomata, lymphangiomyomatosis and renal angio-
myolipomata) and minor features (dental enamel pits,
hamartomatous rectal polyps, bone cysts, cerebral white
matter radial migration lines, gingival fibromata, non-renal
hamartomata, retinal achromic patches, ‘confetti’ skin
lesions and multiple renal cysts). The clinical diagnosis is
based on the presence of two major or one major plus two
minor features. In the most severe cases TS can present with
infantile spasms and such children can remain profoundly

Fig. 4.24: Periungual fibroma in patient with tuberous sclerosis
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handicapped with difficult to control seizures throughout their
lives. In milder cases mild to moderate learning disability
may be present but some individuals affected by TS have
completely normal intelligence. Regular follow-up is again
important particularly with regard to the possibility of renal
complications.

Mutation analysis is available for both TSC1 and TSC2
and prenatal diagnosis is possible if a mutation is identified.

Marfan’s Syndrome

Marfan’s syndrome has an incidence of 1:5,000-10,000 and
in the majority of affected individuals the condition is due
to mutations in fibrillin 1 (FBN1) on chromosome 15. It is
a disorder of collagen and is, therefore, also a multisystem
disorder affecting primarily the eye, the skeletal system and
cardiovascular system. Individuals affected by Marfan’s
syndrome are usually disproportionately tall with long limbs
and arachnodactyly (long fingers and toes) (Fig. 4.25).
However, as many people who are tall with long arms and
legs do not have Marfan’s syndrome it is necessary that
patients meet strict clinical criteria, known as the Ghent’s
criteria, before the diagnosis can be made. The main clinical
features included in the Ghent’s criteria are: disproportionate
stature, pectus excavatum or carinatum, long fingers,
flat feet, protrusion acetabulae (an abnormality of the hip
identified by X-rays), dental crowding, joint hypermobility,
flat cheek bones, ectopia lentis and other eye abnormalities,
dissection or dilatation of the ascending aorta, mitral valve
prolapse and spontaneous pneumothoraces.

Although the ocular complications and aortic root
dilatation and dissection, associated with this condition, are

Tall stature
(affected
mother and
sons)

Pectus
excavatum
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more common in adulthood long-term follow-up is required
from the time of diagnosis. The diagnosis of Marfan’s
syndrome in the past was mainly based on clinical features
but mutation analysis can now be used in combination with
clinical features and in families where a mutation is identified
prenatal diagnosis is possible.

Myotonic Dystrophy

Myotonic dystrophy (dystrophia myotonica) has an incidence
of around 1:8,000 and as the name suggests is a muscle
wasting disease. However, it too, is a multisystem disorder
and can be of very variable severity. The majority of people
affected by myotonic dystrophy have myotonic dystrophy
type 1 (DM1) due to abnormalities of the DMPK gene on
chromosome 19. Myotonic dystrophy type 2 (DM2) is due
to abnormalities of the ZNF9 gene on chromosome 3 and
is much rarer. DM1 is an example of a condition due to
a “triplet repeat expansion”. Other trinucleotide repeat
disorders which may be encountered in paediatric practice
are Fragile X-syndrome, Friedreich’s ataxia and juvenile
onset Huntington’s disease.

In the case of myotonic dystrophy the repeated
trinucleotide is CTG and the normal size is 5-35 repeats. In
very general terms the age of onset and severity of symptoms
relates to the size of the expansion of this repeat, although
it is not possible to predict with accuracy an individual’s
prognosis from their expansion size. Like other triplet repeat
disorders, myotonic dystrophy exhibits the phenomenon
of anticipation. Anticipation is seen because the expanded
trinucleotide region is unstable and therefore expands further

‘Thumb-sign’
(arachnodactyly)

High arched
palate

Fig. 4.25: Clinical features of Marfan’s syndrome
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as it passes from one generation to the next, resulting in
symptoms occurring earlier and with greater severity in
each successive generation. For this reason it is particularly
important to take a detailed three-generation family history
as the older, more mildly affected relatives may only have
single symptoms, such as cataracts or diabetes, which may
otherwise be overlooked.

The clinical features of DM1 are: muscle disease
[muscle weakness and myotonia (difficulty in relaxing
the muscles after contraction)], GI tract symptoms (as
smooth muscle is also affected patients often complain of
constipation, colicky abdominal pain and problems with
bowel control), cardiovascular disease (conduction defects
may lead to sudden death), respiratory problems (alveolar
hypoventilation due to diaphragmatic and probably also a
central component, post-anaesthetic respiratory depression
can be significant and care should be taken), ocular problems
(subcapsular cataracts and retinal abnormalities), CNS
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(major cognitive dysfunction is unusual with adult onset
disease but personality traits such as apathy, with marked
daytime sleepiness and stubbornness are well-recognised)
and endocrine problems (testicular atrophy—sometimes
resulting in male infertility, recurrent miscarriages, diabetes
mellitus, frontal balding).

Congenital myotonic dystrophy is a severe form the
disorder and almost always occurs when the condition is
transmitted by the mother and generally only if the mother
has symptomatic disease. Affected neonates have profound
hypotonia and wusually require prolonged ventilatory
assistance. Survivors have learning disabilities in addition to
the physical features of the disease.
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Nutrition

PROTEIN-ENERGY MALNUTRITION AND
MICRONUTRIENT DEFICIENCIES IN CHILDHOOD

PROTEIN-ENERGY MALNUTRITION

Protein-energy malnutrition (PEM) is one of the most
common childhood illnesses. Almost 30% of under-five
children in the developing world suffer from PEM. On a
blueprint agreed to by all countries to overcome the pervasive
problems of poverty, malnutrition, diseases and inequity,
the United Nations has set the Millennium Development
Goals (MDGs) to be achieved by the year 2015. The non-
income poverty component of the MDG 1 is to reduce by
half the proportion of people suffering from hunger (and
malnutrition). The fourth MDG is to reduce by two-thirds
the mortality rate among under-five children. Neither of
these goals will be achieved unless meaningful and concerted
efforts are made to combat and control childhood PEM. The
prevalence of child malnutrition in countries of sub-Saharan
Africa is less than that in many countries in Asia, but it is
gradually increasing which is a matter of great concern.

Marasmus, a type of PEM characterised by wasting,
has been recognised for centuries. Hinajosa in Mexico
published the earliest account of kwashiorkor, a severe form
of PEM characterised by oedema, in 1865. The acuteness of
kwashiorkor has been the focus of attention of nutritionists
and as many as 70 names have been given to this condition in
different parts of the world. Cicely Willliams first introduced
the name kwashiorkor in 1935, which in the Ga language of
West Africa means “the disease of the deposed child”. This
literally refers to the child who develops oedema after being
weaned with starchy gruels following the birth of a sibling
who is breastfed.

CAUSES OF PEM

Malnutrition due to primary lack of food and interplay
of infections is known as primary malnutrition, which is
responsible for most of the 112 million children suffering

from moderate malnutrition in the developing world.
Malnutrition occurring as a result of chronic diseases such as
chronic kidney, liver or heart disease is known as secondary
malnutrition. Although lack of food and repeated infections
including diarrhoea and pneumonia are the immediate,
precipitating causes of malnutrition, the root causes are
political in nature interlaced with issues of social and gender
inequity particularly of income and education (Fig. 5.1).

CLASSIFICATION OF PEM

PEM can be classified best on the basis of anthropometric
measurements (comparing body weight and/or height/length
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Fig. 5.1: Causes of child malnutrition
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with that of reference data of healthy children). The reference
data so far used is the National Centre for Health Statistics
(NCHS) median. The WHO has introduced a new standard in
2005, which is based on data of children from Asia, Africa,
North and Latin America who were exclusively breastfed up
to 6 months of age, and therefore is more representative of
a true standard for children globally. Weight-for-age (WA),
height-for-age (HA) and weight-for-height (WH) are the
three anthropometric indices used in assessing nutritional
status (Table 5.1). Classification according to WA is known
as Gomez classification. Classification by WH or by HA is
also called Waterlow classification. A low WA indicates
undernutrition, a low WH wasting or acute malnutrition,
while a low HA indicates stunting or chronic malnutrition.
Although assessment by WA involves the measurement of
weight only and is convenient, a disadvantage of using WA
is that the age of children is not reliably known in many
communities. Wasting and stunting are commonly seen in
children between the ages of 1 year and 2 years, but by 3-4
years of age, children are more stunted than wasted. This
indicates that these children have stopped growing in height
but may have a normal WH.

Nutritional status is also expressed in terms of standard
deviation (SD) or Z score of an anthropometric index such
as WH. This score indicates deviation of a child’s nutritional
status from median reference values.

Individual’s value — Median value of reference
population

SD score= SD value of reference population

Malnutrition is defined as less than 2 standard deviations
from the median (<2 Z scores). WA, HA and WH less

Table 5.1: Quantitative classification of PEM based on percentage of
NCHS median reference values

Weight-for-age

Well-nourished 90-120%
First degree (mild undernutrition) 75-89%
Second degree (moderate undernutrition) 60-74%
Third degree (severe undernutrition) < 60%
Weight-for-height

Well-nourished 90-120%
Grade | (mild wasting) 80-89%
Grade Il (moderate wasting) 70-79%
Grade Il (severe wasting) < 70%
Height-for-age

Well-nourished 95-110%
Grade | (mild stunting) 90-94%
Grade Il (moderate stunting) 85-89%
Grade Il (severe stunting) < 85%
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than -3 Z constitute severe underweight, severe stunting and
severe wasting respectively.

The Wellcome classification is a clinical classification for
children admitted to a hospital or a nutrition unit. It is based
upon WA and the presence or absence of nutritional. A child
with a WA less than 60% and no oedema is said to have
marasmus while a child with WA greater than 60% and has
kwashiorkor. Marasmic kwashiorkor is the condition where
WA is less than 60% and there is severe weight reduction,
gross wasting of muscle and tissue beneath the skin, stunting,
and no characterised marasmus, usually seen in infancy. In
a severe case, the body appears to have only skin and bones
with wrinkling of the skin, the head looks proportionately
large, and the ribs are markedly visible (Table 5.2). Usually
the child is irritable. Marasmus occurs as a result of severe
deficiency of energy, protein, vitamins and minerals,
although the primary cause is inadequate energy intake.
This deficiency often results when there is a decrease or
absence of breastfeeding, feeding diluted milk formula or
delay in introducing solid foods in the diet. In marasmus,
the body generally adapts itself to the deficiency of energy
and protein. The muscles provide amino acids leading to
the production of adequate amounts of proteins including
albumin and beta-lipoprotein. Adequate amounts of albumin
and beta-lipoprotein prevent the development of oedema and
fatty enlargement of the liver in marasmus.

Kwashiorkor, which occurs mostly in children 1-3 years
of age, results from a deficiency of dietary protein and is
usually associated with an infection. However, Gopalan
in India did not find any difference in diets of children
developing marasmus or kwashiorkor. He emphasised that
the two conditions are interconvertible and the outcome
is determined not by the diet but by the child’s response.
Marasmus according to C Gopalan is an adapted state and

Table 5.2: Differences between marasmus and kwashiorkor

Factors Marasmus Kwashiorkor

Age 1st year 2nd and 3rd years

Weight-for-age < 60% 60—-80%

Oedema - 4

Skin changes Less common Common

Hair changes Rare Common

Mental changes Uncommon Common
(irritability) (loss of interest)

Face Monkey like Moon face

Muscle wasting +++ +

Enlarged liver +/— 1

Adaptation Good Poor

Appetite Usually good Poor
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kwashiorkor occurs when there is dysadaptation. Typically
there are skin lesions (pigmented or depigmented areas with
or without ulceration), scanty lustreless hair, an enlarged
fatty liver, loss of interest in the surroundings, and loss of
appetite. The oedema is usually noticed in the feet but can
also occur in other parts of the body. There is a decrease
in blood albumin level, which is partly responsible for
development of oedema. Beta-lipoprotein is not produced in
adequate amounts, resulting in impaired transport of fat and
an enlarged fatty liver.

The child with marasmic kwashiorkor has clinical
findings of both marasmus and kwashiorkor. The child has
oedema, a WA less than 60%, gross wasting and is usually
stunted. There may be mild hair and skin changes and an
enlarged, fatty liver.

A new term, severe acute malnutrition (SAM), is now
used to describe the acutely malnourished children (WHO).
A child is said to have SAM if any of the following is present:
e  WH is less than 70% or less than -3 Z
* Bipedal oedema
e Mid upper arm circumference (MUAC) less than 11 cm

(for children between the ages of 1 and 5 years).

MANAGEMENT OF MILD OR MODERATE
MALNUTRITION

Mild and moderately malnourished (underweight or stunted)
children account for the major burden of malnutrition in
any developing country. Management of these children is,
therefore, very important from a public health perspective.
These children are managed at the household and community
levels. The focus is on counselling of parents on health and
nutrition education, care during common illnesses including
diarrhoea, micronutrient supplementation, and in many
countries periodic deworming. A commonly used strategy
in developing countries is growth monitoring and promotion
(GMP) where under-five children are weighed at regular
intervals and a package of interventions provided at the
contacts. Potential strengths of GMP are that it provides
frequent contact with health workers and a platform for child
health interventions. However, the success of GMP depends
on how sincerely the programme is carried out.

FACILITY-BASED MANAGEMENT OF SEVERE
ACUTE MALNUTRITION

According to the World Health Organisation, a death rate
of greater than 20% is unacceptable in the management of
severely malnourished children, 11-20% is poor, 5-10% is
moderate, 1-4% is good and less than 1% is excellent. The
reason for the high death rates among severely malnourished
children is believed to be faulty case management.
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Appropriate feeding, micronutrient supplementation, broad-
spectrum antibiotic therapy and judicious use of rehydration
fluids (particularly intravenous fluids) are factors that can
reduce death, morbidity and cost of treatment of these
children. A severely malnourished child having any of the
following features should be admitted to a nutrition unit
having appropriate facilities and trained staft or referred to a
hospital. But these criteria are flexible and may be modified
according to local conditions, such as availability of trained
staff and facilities. Criteria for referral of a child with SAM
to a hospital include:

e Signs of circulatory collapse—cold hands and feet, weak
radial pulse, not alert (may be due to severe dehydration
or septic shock)

Convulsion/unconsciousness

Cyanosis of lips, tongue or finger tips

Inability to drink

Chest indrawing

Fast breathing (60 breaths/min or more in an infant < 2
months, > 50/min in a child 2 months to 1 year, > 40/
min in a child 1-5 years old)

Wheezy breathing

Hypothermia (body temperature < 35.5°C)

High fever (> 39.0°C)

Very severe pallor or anaemia (haemoglobin < 5 g/dl)
Persistent diarrhoea (diarrhoea for > 14 days)
Persistent vomiting (> 3 episodes per hour)

Bloody mucoid stools

Loss of appetite

Severe vitamin A deficiency (VAD) or keratomalacia
Jaundice

Purpura

Distended, tender abdomen

Age less than 1 year.

Evaluation of the Severely Malnourished Child

If the child with SAM is acutely ill and requires immediate
treatment, details of the history and physical examination
should be delayed. History-taking should include the
following:

Usual diet given before the present illness

History of breastfeeding

Food and fluids taken in the past few days

Duration, frequency and nature of diarrhoea or vomiting
Time when urine was last passed

Recent sinking of the eyes

Duration and nature of cough

History of fever

Contact with measles or tuberculosis

Major past illness

Any deaths of siblings
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® Milestones reached (sitting, standing, etc.)

® Immunisations

® Socioeconomic history.
A thorough physical examination should be done, that

includes:

e Temperature (for diagnosing fever and hypothermia)

e Respiratory rate and type of respiration (for diagnosing
pneumonia and heart failure)

® Signs of circulatory collapse (cold hands and feet, weak/
absent radial pulse, not alert)

e Weight and height or length. Length is measured for

children aged less than 2 years, less than 85 cm tall or

those who cannot stand

Hydration status

Pallor

Oedema

Abdominal distension and bowel sounds

Enlarged or tender liver, jaundice

Vitamin A deficiency signs in eyes

Pus in eyes

Signs of infection in mouth, throat and ears

Signs of infection in and around the genital organs

Appearance of stools (consistency, presence of blood,

mucus Or worms).

Laboratory Investigations

Laboratory tests are not essential for management. The

following tests should be done if facilities are available:

® Blood glucose if the child is not alert

e Haemoglobin if the child is severely pale

e Urine for pus cells if urinary tract infection is suspected

e X-ray chest if severe pneumonia or if tuberculosis (TB)
is suspected

e Mantoux test if TB is suspected (an induration of > 5 mm
indicates a positive test in a severely malnourished child).

Reductive Adaptation in Severe
Acute Malnutrition

Children with SAM undergo physiological and metabolic
changes to conserve energy and preserve essential processes.
This is known as reductive adaptation. If these changes are
ignored during treatment, hypoglycaemia, hypothermia,
heart failure, untreated infection can cause death. This can be
illustrated by the reasons for not giving iron during the initial
acute phase treatment of SAM. The child with SAM makes
less haemoglobin than usual. Giving iron early in treatment
leads to ‘free iron’ that can cause problems:

e Free iron is highly reactive and promotes formation of

free radicals which can damage cell membranes
e Promotes bacterial growth and can make infections worse

Hutchison's Paediatrics D

e The body tries to convert it into ferritin, the storage form
of iron. This uses up essential energy and amino acids.
Therefore, iron should not be given during the acute

phase of management of SAM.

PHASES OF MANAGEMENT OF SEVERE
ACUTE MALNUTRITION

The management of children with severe malnutrition can be
divided into three phases.

Acute Phase

Problems that endanger life, such as hypoglycaemia (a
low blood glucose level) or an infection, are identified and
treated. Feeding and correction of micronutrient deficiencies
are initiated during this phase. Broad-spectrum antibiotics
are started. Small, frequent feeds are given (about 100 kcal/
kg and 1-1.5 g protein/kg per day). The main objective of
this phase is to stabilise the child. Case fatality is highest
during this phase of management, the principal causes being
hypoglycaemia, hypothermia, infection and water-electrolyte
imbalance. Most deaths occur within the first 1-2 days of
admission. This phase usually takes about 4-5 days.

Nutritional Rehabilitation Phase

The aim of this phase is to recover lost weight by intensive
feeding. The child is stimulated emotionally and physically,
and the mother is trained to continue care at home. Around
150-250 kcal/kg and 3-5 g protein/kg are provided daily
during this phase. Micronutrients, including iron, are
continued. Treatment remains incomplete without health
and nutrition education of the mothers. This phase takes
2-4 weeks if the criterion of discharge is WHZ -2 without
oedema.

Follow-up

Follow-up is done to prevent relapse of severe malnutrition,
and to ensure proper physical growth and mental development
of the child. The likelihood of relapse into severe malnutrition
is more within 1 month of discharge. Follow-up visits should
be fortnightly initially and then monthly until the child
has achieved WHZ greater than —1. Nutritional status and
general condition are assessed and the caregivers counselled.
Commonly occurring illnesses are treated and health and
nutrition education for the caregivers reinforced.

These phases of management can be carried out through
the ten steps of treatment:

Step 1: Treat/Prevent Hypoglycaemia

Hypoglycaemia and hypothermia usually occur together
and are signs of infection. The child should be tested
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for hypoglycaemia on admission or whenever lethargy,

convulsions or hypothermia are found. If blood glucose

cannot be measured, all children with SAM should be
assumed to be are hypoglycaemic and treated accordingly.

If the child is conscious and blood glucose is less than 3
mmol/L or 54 mg/dl give:

e 50 ml bolus of 10% glucose or 10% sucrose solution
(5 g or 1 rounded teaspoon of sugar in 50 ml or 3.5
tablespoons water), orally or by nasogastric (NG) tube.
Then feed starter diet F-75 (discussed in Step 7) every 30
minutes for 2 hours (giving one quarter of the 2 hourly
feed each time).

e Two hourly feeds, day and night for first 24-48 hours
(discussed in Step 7).

If the child is unconscious, lethargic or convulsing give:

e [V sterile 10% glucose (5 ml/kg) or 25% glucose (2 ml/
kg), followed by 50 ml of 10% glucose or sucrose by NG
tube.

e Then give starter F-75 as above.

Step 2: Treat/Prevent Hypothermia

If the axillary temperature is less than 35.0°C or the rectal

temperature is less than 35.5°C:

e Start feeding right away (or start rehydration if needed)

e Rewarm the child by clothing (including head), covering
with a warm blanket or placing the child on the mother’s
bare chest (skin-to-skin) and covering them. A heater or
lamp may be placed nearby. During rewarming rectal
temperature should be taken 2 hourly until it rises to
greater than 36.5°C (half hourly if heater is used). The
child must be kept dry and away from draughts of wind.

Step 3: Treat/Prevent Dehydration

The WHO-ORS (75 mmol sodium/L) contains too much

sodium and too little potassium for severely malnourished

children. They should be given the special rehydration

solution for malnutrition (ReSoMal) (Table 5.3). It is difficult

to estimate dehydration status in a severely malnourished

child. All children with watery diarrhoea should be assumed

to have dehydration and given:

e Every 30 minutes for first 2 hours, ReSoMal 5 ml/kg
body weight orally or by NG tube, then

e Alternate hours for up to 10 hours, ReSoMal 5-10 ml/kg
per hour (the amount to be given should be determined by
how much the child wants, and stool loss and vomiting).
F-75 is given in alternate hours during this period until
the child is rehydrated.

e After rehydration, continue feeding F-75 (discussed in
Step 7).
If diarrhoea is severe then WHO-ORS (75 mmol

sodium/L) may be used because loss of sodium in stool
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is high, and symptomatic hyponatraemia can occur with
ReSoMal. Severe diarrhoea can be due to cholera or rotavirus
infection, and is usually defined as stool output greater than 5
ml/kg per hour.

Return of tears, moist mouth, eyes and fontanelle
appearing less sunken, and improved skin turgor, are signs
that rehydration is proceeding. It should be noted that many
severely malnourished children would not show these changes
even when fully rehydrated. Continuing rapid breathing
and pulse during rehydration suggest coexisting infection
or overhydration. Signs of excess fluid (overhydration) are
increasing respiratory rate and pulse rate, increasing oedema
and puffy eyelids. If these signs occur, fluids are stopped
immediately and the child reassessed after 1 hour. Intravenous
rehydration should be used only in case of shock, infusing
slowly to avoid overloading the heart.

Step 4: Correct Electrolyte Imbalance

All severely malnourished children have excess body
sodium even though serum sodium may be low. Deficiencies
of potassium and magnesium are also present and may take
at least 2 weeks to correct. Oedema is partly due to these
imbalances and must never be treated with a diuretic, give:
e Extra potassium 3-4 mmol/kg per day
e Extra magnesium 0.4-0.6 mmol/kg per day
e When rehydrating, give low sodium rehydration fluid
(e.g. ReSoMal)
® Prepare food without salt.
The extra potassium and magnesium can be prepared in
a liquid form and added directly to feed during preparation
(Table 5.3 for a recipe for a combined electrolyte/mineral
solution).

Step 5: Treat/Prevent Infection

In severe malnutrition the usual signs of infection, such
as fever, are often absent, and infections often hidden.
Therefore, give routinely on admission:
® Broad-spectrum antibiotics
e Measles vaccine if child is greater than 6 months and not
immunised (delay if the child is in shock)
If the child appears to have no complications give:
e Oral amoxycillin 15 mg/kg 8 hourly for 5 days.
If the child is sick looking or lethargic or has complications
(hypoglycaemia, hypothermia, skin lesions, respiratory tract
or urinary tract infection) give:
e Ampicillin 50 mg/kg IM/IV 6 hourly for 2 days, then
oral amoxycillin 15 mg/kg 8 hourly for 5 days
e Gentamicin 7.5 mg/kg IM/IV once daily for 7 days.
If the child fails to improve clinically by 48 hours or
deteriorates after 24 hours, a third-generation cephalosporin,
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Table 5.3: Rehydration solution for malnutrition

Ingredient

Recipe for ReSoMal

Water (boiled and cooled)

WHO-ORS

Sugar

Electrolyte/mineral solution (discussed below)

Amount

2L

1L sachet
50 g

40 ml

ReSoMal contains approximately Na less than 45 mmol/L, K 40 mmol/L and Mg 3 mmol/L.

Recipe for electrolyte/mineral solution

Weigh the following ingredients and make up to 2,500 ml. Add 20 ml of electrolyte/mineral solution to 1,000 ml of milk feed.

Potassium chloride
Tripotassium citrate
Magnesium chloride
Zinc acetate
Copper sulphate
Water up to

g Molar content of 20 ml
224 24 mmol

81 2 mmol

76 3 mmol

8.2 300 mmol

1.4 45 mmol

2,500 ml

Note: Add selenium if available and the small amounts can be measured locally (sodium selenate 0.028 g) and iodine

(potassium iodide 0.012 g) per 2,500 ml.

Preparation: Dissolve the ingredients in cooled boiled water. Store the solution in sterilised bottles in the refrigerator to retard deterioration. Make
fresh each month and discard if it turns cloudy. If the preparation of this electrolyte/mineral solution is not possible and if premixed sachets are

not available, give K, Mg and Zn separately.
Potassium

* Make a 10% stock solution of potassium chloride (KCI), 100 g in 1 litre of water
» For oral rehydration solution, use 45 ml of stock KCI solution instead of 40 ml electrolyte/mineral solution
» For milk feeds, add 22.5 ml of stock KCI solution instead of 20 ml of the electrolyte/mineral solution.

Magnesium

» Give sterile magnesium sulphate (50% w/v) intramuscularly once daily (0.1 ml/kg up to a maximum of 2 ml) for 7 days.

Zinc

* Prepare a 1.5% solution of zinc acetate (15 g zinc acetate in 1 litre of water). Give the zinc acetate solution orally, 1 ml/kg per day.

e.g. ceftriaxone 50-75 mg/kg per day IV or IM once daily

may be started with gentamicin. Ceftriaxone, if available,

should be the preferred antibiotic in case of septic shock or

meningitis. Where specific infections are identified, add:

e Specific antibiotics if appropriate

® Antimalarial treatment if the child has a positive blood
film for malaria parasites.

If anorexia still persists, reassess the child fully, checking
for sites of infection and potentially resistant organisms,
and ensure that vitamin and mineral supplements have been
correctly given.

Step 6: Correct Micronutrient Deficiencies

All severely malnourished children have vitamin and mineral
deficiencies. Although anaemia is common, do not give iron
initially but wait until the child has a good appetite and starts
gaining weight (usually by the 2nd week), as giving iron can
make infections worse, give:

e Vitamin A orally on day 1 (for age > 12 months, give
200,000 International Unit (IU); for age 6-12 months,
give 100,000 IU; for age 0-5 months, give 50,000 IU)
unless there is definite evidence that a dose has been
given in the last month. If the child has xerophthalmia,
the same doses of vitamin A are repeated on days 2 and
14 or on day of discharge.

Give daily for the entire period of nutritional rehabilitation

(at least 4 weeks):

e Multivitamin supplements

¢ Folic acid 1 mg/day (5 mg on day 1)

e Zinc 2 mg/kg per day

e Copper 0.3 mg/kg per day

* Iron 3 mg/kg per day but only when gaining weight (start
after the stabilisation phase is over).

A combined electrolyte/mineral/vitamin (CMV) mix
for severe malnutrition is available commercially. This can
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replace the electrolyte/mineral solution and multivitamin and
folic acid supplements mentioned in Steps 4 and 6, but still
give the large single dose of vitamin A and folic acid on day
1, and iron daily after weight gain has started.

Step 7: Start Cautious Feeding

During the stabilisation phase a cautious approach is required
due to the child’s fragile physiological state and reduced
capacity to handle large feeds. Feeding should be started
as soon as possible after admission. WHO-recommended
starter formula, F-75, contains 75 kcal/100 ml and 0.9 g
protein/100 ml (Table 5.4). Very weak children may be fed
by spoon, dropper or syringe. Breastfeeding is encouraged
between the feeds of F-75. A recommended schedule in
which volume is gradually increased, and feeding frequency
gradually decreased is:

Days Frequency Vol/kg per feed Vol/kg per day
1-2 2 hourly 11 ml 130 ml
3-5 3 hourly 16 ml 130 ml
67+ 4 hourly 22 ml 130 ml

If intake does not reach 80 kcal/kg per day despite
frequent feeds, coaxing and reoffering, give the remaining
feed by NG tube.

Criteria for increasing volume/decreasing frequency of
F-75 feeds:

e [f vomiting, lots of diarrhoea or poor appetite, continue 2
hourly feeds

e [f little or no vomiting, modest diarrhoea (less than 5
watery stools per day), and finishing most feeds, change
to 3 hourly feeds

e After a day on 3 hourly feeds—if no vomiting, less
diarrhoea and finishing most feeds, change to 4 hourly
feeds.

In case of SAM infants less than 6 months old, feeding
should be initiated with F-75. During the nutritional
rehabilitation phase, F-75 can be continued and if possible
relactation should be done.

Step 8: Achieve Catch-up Growth

During the nutritional rehabilitation phase feeding is
gradually increased to achieve a rapid weight gain of greater
than 10 g gain/kg per day. The recommended milk-based
F-100 contains 100 kcal and 2.9 g protein/100 ml (Table
5.4). Modified porridges or modified family foods can be
used provided they have comparable energy and protein
concentrations.

Readiness to enter the rehabilitation phase is signalled by
a return of appetite, usually about one week after admission.
A gradual transition is recommended to avoid the risk of
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heart failure, which can occur if children suddenly consume
huge amounts.

To change from starter to catch-up formula:

e Replace F-75 with the same amount of catch-up formula
F-100 every 4 hours for 48 hours then

e Increase each successive feed by 10 ml until some
feed remains uneaten. The point when some remains
unconsumed after most feeds is likely to occur when
intakes reach about 30 ml/kg per feed (200 ml/kg per
day).

If weight gain is:

e Poor (5 g/kg per day), the child requires full reassessment
for other underlying illnesses, e.g. TB

e Moderate (5-10 g/kg per day), check whether intake
targets are being met, or if infection has been overlooked

e Good (>10 g/kg per day), continue to praise staff and
mothers.

Step 9: Provide Sensory Stimulation
and Emotional Support

In severe malnutrition, there is delayed mental and behavioural
development. Just giving diets will improve physical growth
but mental development will remain impaired. This is
improved by providing tender loving care and a cheerful,
stimulating environment. The play sessions should make use
of toys made of discarded material.

Step 10: Prepare for Follow-up After Recovery

A child who has achieved WHZ -2 SD can be considered
to have improved. At this point, the child is still likely to
have a low WA due to stunting. Good feeding practices and
sensory stimulation should be continued at home. Parents or
caregivers should be counselled on:

¢ Feeding energy and nutrient-dense foods

Providing structured plays to the children

To bring the child back for regular follow-up checks
Ensure that booster immunisations are given

Ensure that vitamin A and antihelminthic drugs are given
every 6 months.

TREATMENT OF COMPLICATIONS

Shock in Severely Malnourished Children

Shock may be due to severe dehydration or sepsis, which
can coexist and difficult to distinguish from one another.
Children with dehydration will respond to IV fluids while
those with septic shock and no dehydration may not.
Emergency treatment is started with:

e Oxygen inhalation

e Sterile 10% glucose (5 ml/kg) IV
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Table 5.4: Recipes for F-75 and F-100

If you have cereal flour and cooking facilities, use one of the top three recipes for F-75:

Alternatives Ingredient Amount for F-75

If you have dried skimmed milk Dried skimmed milk 25¢g
Sugar 709
Cereal flour 359
Vegetable oil 309
Mineral mix* 20 ml
Water to make 1,000 ml 1,000 ml**
Dried whole milk 35¢g
Sugar 70 g

If you have dried whole milk Cereal flour 35¢g
Vegetable oil 209
Mineral mix* 20 ml
Water to make 1,000 ml 1,000 ml**
Fresh cow’s milk, or full-cream 300 ml

(whole) long life milk

If you have fresh cow’s milk or full-cream (whole) long life milk Sugar 70 g
Cereal flour 359
Vegetable oil 209
Mineral mix* 20 ml
Water to make 1,000 ml 1,000 ml**

If you do not have cereal flour, or there are no cooking facilities, use one of the following recipes No cooking is required for F-100
for F-75:

Alternatives Ingredient Amount for F-75 Amount for F-bo
If you have dried skimmed milk Dried skimmed milk 259 80g
Sugar 100 g 509
Vegetable oil 30g 60 g
Mineral mix* 20 ml 20 ml
Water to make 1,000 ml 1,000 ml** 1,000 ml**
If you have dried whole milk Dried whole milk 359 11049
Sugar 100 g 509
Vegetable oil 209 30g
Mineral mix* 20 ml 20 ml
Water to make 1,000 ml 1,000 ml** 1,000 ml**
If you have fresh cow’s milk or full-cream Fresh cow’s milk or full-cream (whole) long life 300 ml 880 ml
(whole) long life milk milk
Sugar 100 g 759
Vegetable oil 20g 209
Mineral mix* 20 ml 20 ml
Water to make 1,000 ml 1,000 ml** 1,000 ml**

* The optimal interval between doses is four to six months. A dose should not be given too soon after
previous dose of vitamin A supplement: the minimum recommended interval between doses for the
prevention of vitamin A deficiency is one month (the interval can be reduced in order to treat clinical
vitamin A deficiency and measlescases). e

**Important note about adding water: Add just the amount of water needed to make 1,000 ml of formula
(This amount will vary from recipe to recipe, depending on the other ingredients). Do not simply add 1,000
ml of water, as this will make the formula too dilute. A mark for 1,000 ml should be made on the mixing
container for the formula, so that water can be added to the other ingredients up to this mark

Add water just
up to 1000 mi mark.
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Infusion of an isotonic fluid at 15 ml/kg over 1 hour
Measure and record pulse and respiration rates every 10
minutes

® Give broad-spectrum antibiotics (discussed in Step 5).

If there are signs of improvement (pulse and respiration

rates fall):

e Repeat infusion 15 ml/kg over 1 hour; then

e Switch to oral or NG rehydration with ReSoMal, 10 ml/kg
per hour in alternate hours up to 10 hours; give ReSoMal
in alternate hours with starter F-75, then continue feeding

with starter F-75.

If the child fails to improve (pulse and respiration rates
fall) after the first hour of treatment with an infusion 15 ml/kg,
assume that the child has septic shock. In this case:

e Give maintenance IV fluids (3 ml/kg per hour) while
waiting for blood

e When blood is available transfuse fresh whole blood at
10 ml/kg slowly over 3 hours.

Very Severe Anaemia in Malnourished Children

A blood transfusion is required if:
e Hb is less than 4 g/dl or packed cell volume less than

12%

e Or if there is respiratory distress and Hb is between 4 g/

dl and 6 g/dl.

The child is given whole blood 10 ml/kg body weight
slowly over 3 hours and furosemide 1 mg/kg IV at the start
of the transfusion. If the severely anaemic child has signs
of cardiac failure, transfuse packed cells (5-7 ml/kg) rather
than whole blood.

In all cases of anaemia, oral iron (elemental iron 3 mg/kg
per day) should be given for 2 months to replenish iron
stores. This should not be started until the child has begun
to gain weight.

Vitamin A Deficiency

If the child shows any eye signs of deficiency, give orally:

e Vitamin A on days 1, 2 and 14 (for age >12 months,
give 200,000 IU; for age 6-12 months, give 100,000 IU;
for age 0-5 months, give 50,000 IU).

If there is corneal clouding or ulceration, give additional
eye care to prevent extrusion of the lens:

¢ Instil chloramphenicol or tetracycline eye drops (1%)
2-3 hourly as for 7-10 days in the affected eye

¢ Instil atropine eye drops (1%), 1 drop three times daily
for 3-5 days

e Cover with eye pads soaked in saline solution and
bandage.

Children with VAD are likely to be photophobic and
keep their eyes closed. It is important to examine the eyes
very gently to prevent damage and rupture.

Dermatosis

Weeping skin lesions are commonly seen in and around the
buttocks of children with kwashiorkor. Affected areas should
be bathed in 1% potassium permanganate solution for 15
minutes daily. This dries the lesions, helps to prevent loss of
serum and inhibits infection.

Parasitic Worms

e Give albendazole 400 mg orally, single dose (if > 2
years old)

e Give albendazole 200 mg orally, single dose (if 1-2 years
old).
This treatment should be given only during the nutritional

rehabilitation phase.

Lactose Intolerance

Most children with SAM and diarrhoea respond to the initial
management. Diarrhoea due to lactose intolerance in SAM
is not common. In exceptional cases, milk feeds may be
substituted with yoghurt or a lactose-free formula.

Osmotic diarrhoea may be suspected if diarrhoea
worsens substantially in young children who are given F-75
prepared with milk powder (this preparation has slightly
higher osmolarity). In such a situation, use F-75 prepared
with cereal powder may be helpful.

Tuberculosis

If TB is strongly suspected (contact with adult TB patient,
poor growth despite good intake, chronic cough, chest
infection not responding to conventional antibiotics):
e Perform Mantoux test (false-negatives are frequent in
severe malnutrition)
® Chest X-ray if possible.
If test is positive or there is a strong suspicion of TB,
treat according to national TB guidelines.

COMMUNITY-BASED MANAGEMENT OF
SEVERE ACUTE MALNUTRITION

In countries with a heavy burden of SAM, facilities and
resources for taking care of such children are far from being
adequate. It is now agreed that children with SAM who have
good appetite but no complications can be treated at the
community level. Because the number of facilities is always
suboptimal in developing countries, facility-based treatment
cannot cater to the huge numbers of severely malnourished
children living in the community. Moreover, feeding
therapeutic diets including F-75 and F-100 at home is not
recommended due to the propensity of these liquid diets to
become contaminated in the home environment. To overcome
this problem, ready-to-use-therapeutic food (RUTF) has
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been developed and used in field situations. It is now being
used in emergency relief programmes. If prepared as per
prescription, RUTF has the nutrient composition of F-100
but is more energy dense and does not contain any water.
Bacterial contamination, therefore, does not occur and the
food is safe for use also in home conditions. The prototype
RUTF is made of peanut paste, milk powder, vegetable oil,
mineral and vitamin mix as per WHO recommendations.
It is available, as a paste in a sachet, does not require any
cooking and children can eat directly from the sachet. Local
production of RUTF has commenced recently and several
studies have concluded that local RUTF is as good as the
prototype RUTF.

RUTF seems to play an important role in the management
of severe malnutrition in disaster and emergency settings. A
supplementary feeding programme providing food rations to
families of the affected child should be in place. So should
be a stabilisation centre for taking care of acutely ill severely
malnourished children who need facility-based care based
on WHO guidelines. For countries in Asia including India,
Bangladesh and Pakistan, which have the highest burden
of child malnutrition, there is a need for research on cost-
effectiveness and sustainability of management of severe
malnutrition using RUTF.

Micronutrient Deficiencies in Childhood

Micronutrients represent specific nutrients that impact
on health and nutrition outcomes when consumed in
small quantities. These micronutrients represent essential
ingredients necessary for homeostasis and are affected by a
variety of factors including maternal nutrition status, dietary
intake, existing morbidity and body losses (Fig. 5.2).

Of various micronutrient deficiencies of relevance to
children, VAD, iron and zinc deficiency represent the few
for which there is considerable body of evidence for adverse
outcomes and intervention strategies.

Vitamin A Deficiency in Childhood

Vitamin A is essential for the functioning of the immune
system and the healthy growth and development of children.
VAD is a public health problem in more than half of all
countries, especially in Africa and South-East Asia, hitting
hardest young children and pregnant women in low-income
countries. VAD is the leading cause of preventable blindness
in children and increases the risk of disease and death from
severe infections. Globally, it is estimated that 140-250
million children under-five years of age are affected by VAD.
These children suffer a dramatically increased risk of death,
blindness and illness, especially from measles and diarrhoea.
While severe ocular manifestations of VAD such as Bitot’s
spots, xerophthalmia and keratomalacia are fortunately rare,
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Fig. 5.2: Determinants of micronutrient status

subclinical deficiency of vitamin A is relatively common in
poor communities.

For pregnant women in high-risk areas, VAD occurs
especially during the last trimester when demand by both
the unborn child and the mother is highest. The mother’s
deficiency is demonstrated by the high prevalence of night
blindness during this period. In pregnant women VAD
causes night blindness and may increase the risk of maternal
mortality.

Vitamin A is also regarded as crucial micronutrient
for maternal and child survival and it has been shown
that supplying adequate vitamin A in high-risk areas can
significantly reduce mortality. Conversely, its absence causes
a needlessly high-risk of disease and death. Based on these
findings a number of preventive and therapeutic strategies
are in place for the prevention and treatment of vitamin A
deficiencies.

Preventive and Therapeutic Strategies

Vitamin A is a crucial component for health throughout the
life cycle. In areas with high rates of maternal malnutrition
and vitamin A, adequate supply of maternal vitamin A
(as well as other nutrients) in pregnancy is a fundamental
measure. Since breast milk is a natural source of vitamin
A, promoting breastfeeding is the best way to protect babies
from VAD.

For deficient children, the periodic supply of high-dose
vitamin A in swift, simple, low-cost, high-benefit interventions
has also produced remarkable results. It is estimated that this
has the potential or reducing child mortality by 23% overall
and by up to 50% for those with measles infection.

These measures must be supplemented with measures
to promote adequate feeding and dietary diversification.
For vulnerable rural families, for instance in Africa and
South-East Asia, growing fruits and vegetables in home
gardens complements dietary diversification and fortification
and contributes to better lifelong health. Where this may
be difficult, food fortification is a cost-effective measure
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for providing daily minimal needs for vitamin A. Food
fortification, for example, sugar in Guatemala, has been
shown to adequately maintain population level vitamin A
status, especially for high-risk groups and needy families.

Combining the administration of vitamin A supplements
with immunisation is an important part of this effort. Since
1987, WHO has advocated the routine administration
of vitamin A with measles vaccine in countries where
VAD is a problem. Great success and many millions of
children have been reached by including vitamin A with
National Immunisation Days (NIDs) to eradicate polio.
High-dose vitamin A should be avoided during pregnancy
due to the theoretical risk of teratogenesis (birth defects).
From a programmatic perspective, high-dose vitamin A
supplementation must occur during the safe infertile period
immediately after delivery. Accordingly, high-dose vitamin A
supplementation can be provided safely to all postpartum
mothers within 6 weeks of delivery, when the chance of
pregnancy is remote. For breastfeeding mothers, the safe
infertile period extends up to 8 weeks after delivery. The
first contact with the infant immunisation services provides
an excellent opportunity to supplement postpartum mothers
and improve the vitamin A content of their breast milk.

Provision of vitamin A supplements every 4-6 months
is an inexpensive, quick and effective way to improve
vitamin A status and save children’s lives. The Beaton
Report concluded that all-cause mortality among children
aged 6-59 months was reduced by 23% through vitamin A
supplementation in areas where VAD was a public health
problem. However, comprehensive control of VAD must
include dietary improvement and food fortification in the
long-term.

Immunisation contacts offer unrivalled opportunities for
delivering vitamin A to children who suffer from deficiency.
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Studies show that vitamin A does not have any negative
effect on seroconversion of childhood vaccines. As well as
routine immunisation services, NIDs for polio eradication,
measles and multiantigen campaigns have been used safely
and successfully to provide vitamin A to a wide age range of
children at risk.

There is a well-established scientific basis for the
treatment of measles cases with vitamin A supplementation
that is recommended by WHO as part of the integrated
management of childhood illness. The recommended doses
of vitamin A supplementation for the prevention of VAD are
indicated in the Table 5.5.

Iron Deficiency in Childhood

Iron is an important dietary mineral that is involved in various
bodily functions, including the transport of oxygen in the
blood, essential in providing energy for daily life. Iron is also
vital for brain development. Infants, toddlers, preschoolers
and teenagers are at high-risk of iron deficiency, mainly
because their increased needs for iron may not be met by their
diets. Without intervention, a child whose dietary intake is
inadequate in providing enough iron or has excessive losses
through the intestine, e.g. with hookworm infestation, will
eventually develop iron deficiency (Table 5.6).

Causes of Iron Deficiency in Children

Major risk factors for the development of iron deficiency in

children include:

1. Prematurity and low birth weight (LBW)

2. Exclusive breastfeeding beyond 6 months

3. Introduction of cow’s milk as the main drink before 12
months

4. High intake of cow’s milk

Table 5.5: Strategies for vitamin A supplementation with immunisations

Potential target groups and immunisation contacts in countries with vitamin A deficiency

Target group

All mothers irrespective of their mode of infant feeding up to 6 weeks
postpartum if they have not received vitamin A supplementation after delivery

Infants aged 9—11 months
Children aged 12 months and older

Children aged 1-4 years

Immunisation contact Vitamin A dose

BCG, OPV-0 or DTP-1 contact up 200,000 IU

to 6 weeks

Measles vaccine contact 100,000 1U
200,000 U

Booster doses* 200,000 U

Special campaigns*
Delayed primary immunisation
doses*

* The optimal interval between doses is 4—6 months. A dose should not be given too soon after a previous dose of vitamin A supplement: the
minimum recommended interval between doses for the prevention of vitamin A deficiency is one month (the interval can be reduced in order

to treat clinical vitamin A deficiency and measles cases)
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Table 5.6: Iron requirements and recommended iron intakes by age and gender group

Groups (ylzg?s) Mean body weight (kg) Rquﬂi%?ﬂ?é?é:';‘; 2l Median iron losses (mg/day)
Basal Menstrual
Children 0.5-1 9.0 0.55 0.17
1-3 183 0.27 0.19
4-6 19.2 0.23 0.27
7-10 28.1 0.32 0.39
Adolescent boys 11-14 44.0 0.55 0.62
15-17 65.4 0.60 0.90
18 + 75.0 1.05
Adolescent girls 11-14* 46.1 0.55 0.65
11-14 46.1 0.55 0.65 0.48
15-17 56.4 0.35 0.79 0.48
18 + 62.0 0.87 0.48

*Non-menstruating

5. Low or no meat intake and poor quality diet in the 2nd
year of life
6. Possible gastrointestinal diseases including coeliac disease
and persistent diarrhoea.
Infants, children and teenagers greatly increase their iron
requirements during the period of rapid growth spurts, which
also increase their need for iron.

Signs and Symptoms

The signs and symptoms of iron deficiency anaemia in
children can include:

Behavioural problems

Recurrent infections

Loss of appetite

Lethargy

Breathlessness

Increased sweating

Strange ‘food’ cravings (pica) like eating dirt

Failure to grow at the expected rate.

Preventive and Therapeutic Strategies

Suggestions to prevent or treat iron deficiency in babies less

than 12 months of age include the following measures:

e Eating an iron-rich diet during pregnancy. Red meat is
the best source of iron.

e Regular use of iron folate supplements in pregnancy to
ensure adequate iron stores.

e Delayed cord clamping at birth, especially in preterm
infants to ensure adequate transplacental transfer of blood
and iron supplies.

e Exclusive breastfeeding for the first 6 months with the
possible introduction of iron drops in preterm or LBW
infants by 3-4 months of age.

® Avoidance of cow’s milk or other fluids that may displace
iron-rich solid foods before 12 months of age.

e Timely introduction of good quality complementary
foods at 6 months of age and promotion of iron and zinc
containing foods (especially minced meat, liver, poultry,
etc.).

e [f affordable, fortified baby cereals may also be used
along with pureed fruit and vegetables. Vitamin C helps
the body to absorb more iron, so make sure your child
has plenty of fruit and vegetables.

e In vegetarian populations, offer good sources of non-
haeme iron like peas, broccoli, spinach, beans, etc.

e In populations at high-risk of nutritional anaemia,
other strategies such as the use of sprinkles with
microencapsulated iron may also help prevent and
treat anaemia. However, care must be exercised when
using iron supplements in malaria endemic areas as iron
supplementation may increase morbidity and risk of
hospitalisation.

e Excessive intakes of tea and coffee may interfere with
iron absorption and should be avoided in children.

e Prevention and treatment of infections is an important
strategy for anaemia prevention as infection is a frequent
underlying cause of mild anaemia in children.

Zinc in Child Health

Zinc is widely recognised as an essential micronutrient with
a catalytic role in over a 100 specific metabolic enzymes in
human metabolism. The role of zinc in human health has been
recognised for almost half a century with the discovery of
the syndrome of zinc deficiency, delayed sexual development
and growth failure among adolescents in Iran. Zinc is one of
the most ubiquitous of all trace elements involved in human
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metabolism and plays multiple roles in the perpetuation of
genetic material, including transcription of DNA, translation
of RNA and ultimately cellular division. It is thus critical to
understand the role of zinc in health and disease, especially
during the vulnerable periods of growth and development.

Unlike other essential micronutrients such as iron and
vitamin A, there are no conventional tissue reserves of zinc
that can be released or sequestered quickly in response
to variations in dietary supply. It is recognised that the
equivalent of approximately one-third (~ 450 mg) of total
body zinc exchanges between the blood stream and other
tissues. The major source of zinc intake is through diet, with
the transcellular uptake occurring in the distal duodenum
and proximal jejunum, potentially facilitated by specific
transporters. The intestine also serves as the major conduit
for zinc elimination from the body with almost 50% of the
daily zinc losses occurring in the gut. However much of
the zinc that is secreted into the intestine is subsequently
reabsorbed, and this process serves as an important point
of regulation of zinc balance. Other routes of zinc excretion
include the urine, which accounts for approximately 15%
of total zinc losses, and epithelial cell desquamation, sweat,
semen, hair and menstrual blood, which together account for
approximately 17% of total zinc losses.

Table 5.7 indicates the average daily requirements for
zinc from a variety of diets.

Growth and Development

Given the multiple metabolic roles of zinc and the earlier
reports of the clinical association of zinc deficiency, there
has been considerable interest in the potential growth
benefits of zinc. Although the primary mechanisms whereby
zinc influences growth are uncertain, there is a large body
of literature indicating that zinc depletion limits growth
and development. These include several studies of zinc
supplementation among LBW infants in developing countries
indicating significant benefits on weight gain and some
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benefit on linear growth. Subsequent trials in Bangladesh
have likewise found greater weight gain among severely
malnourished inpatients who received supplemental zinc
(10 mg/kg per day up to a maximum of 50 mg/day) during
the course of nutritional rehabilitation.

However, there have been relatively fewer reports of
a positive effect of zinc supplementation on children’s
linear growth during recovery from severe malnutrition
perhaps related to the duration of supplementation and
pre-existing zinc status. A recent meta-analysis of 33
randomised intervention trials evaluating the effect of zinc
supplementation on the growth of pre-pubertal children
concluded that zinc supplementation produced highly
significant positive responses in linear growth and weight
gain (mean effect sizes of 0.30-0.35 SD units), with
comparatively greater growth responses in children with
low initial WA or HA Z scores.

Effect of Zinc on Diarrhoea

Given the association and biological plausibility of the
role of zinc in intestinal mucosal injury and recovery, a
number of randomised controlled trials have demonstrated
significant reduction in the incidence and duration of
acute and persistent diarrhoea in zinc-supplemented
children compared to their placebo-treated counterparts.
A pooled analysis of randomised, controlled trials of zinc
supplementation performed in nine low-income countries in
Latin America and the Caribbean, South and Southeast Asia
and the Western Pacific, demonstrated that supplemental
zinc led to an 18% reduction in the incidence of diarrhoea
and a 25% reduction in the prevalence of diarrhoea. While
the pooled analysis did not find differences in the effect of
zinc by age, baseline serum zinc status, presence of wasting
or sex, the relevance of zinc supplementation to various
geographic regions of the world remained unclear. Recent
studies from Africa using zinc supplementation in young
children indicate significant benefit on diarrhoea burden

Table 5.7: Estimated average requirement (EAR) for zinc by life stage and diet type

Age Sex Reference body
weight (kg)
7-12 months M+F 9
1-3 years M+F 12
4-8 years M+F 21
9-13 years M+F 38
14-18 years M 64

14-18 years F 56

Estimated average requirement
for zinc (mg/day)

Mixed or refined Unrefined, cereal-
vegetarian diets based diets

B 4

2 2

8 4

5 7

8 11

7 9
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indicating that the effect may be consistent across various
geographical regions and even if zinc is administered with
oral rehydration solution. Recent studies in Bangladesh of
using zinc in the treatment of diarrhoea in a community
setting have also demonstrated substantial reduction in
concomitant use of antibiotics by healthcare providers, thus
suggesting that there may be additional benefits to the use
of zinc in the treatment of diarrhoea. It is also anticipated
that the forthcoming World Health Assembly will also
ratify a joint UNICEF-WHO statement that will strongly
endorse the use of zinc supplements in young children with
diarrhoea.

Respiratory Infections

Despite advances in the recognition and management of
acute respiratory infections (ARIs), these account for over
20% of all child deaths globally. In preventive trials of zinc
supplementation, a significant impact has been shown on the
incidence of acute lower respiratory infections. The recent
pooled analysis of trials conducted in India, Jamaica, Peru and
Vietnam indicated an overall 41 % reduction in the incidence
of pneumonia among zinc-supplemented children. More
recently, the administration of zinc to children hospitalised
with pneumonia in Bangladesh has been shown to reduce the
severity and length of hospitalisation.

Malaria

The benefits of zinc supplementation on the severity of
disease and outcome of malaria are less straightforward.
Bates et al. administered 70 mg zinc twice weekly for 18
months to children in Gambia and were able to show 32%
reduction in clinic visits due to Plasmodiam falciparum
infections. Similarly a trial undertaken in Papua New Guinea
among pre-school children indicated a 38% reduction in
clinic visits attributable to P. falciparum parasitaemia as well
as heavy parasitaemia. In contrast, a recent trial in Burkina
Faso did not find any reduction in episodes of falciparum
malaria among children who received daily supplementation
with 10 mg zinc for 6 months. This variable effect of zinc in
malarial areas may be related to an impact on the severity of
disease rather than the incidence.

Preventive and Therapeutic Strategies

Although there is considerable potential for zinc for
improving child health in public health settings, there are few
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intervention strategies to address this at scale. There is a real
need for large effectiveness trials in representative settings
that may help understand and develop mechanisms for the
use of zinc in health systems in a replicable and sustainable
manner. Presently the most effective strategies for improving
zinc status are improved maternal nutrition in pregnancy,
exclusive breastfeeding, dietary diversification during the
weaning period and the use of zinc for the treatment of
diarrhoea.
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OTHER DISTURBANCES OF NUTRITION

VITAMIN D DEFICIENCY

Rickets is a metabolic disturbance of growth, which affects
bone, skeletal muscles and sometimes the nervous system.
The disorder is due primarily to an insufficiency of vitamin
D; (cholecalciferol), which is a naturally occurring steroid.
It can be formed in the skin from 7-dehydrocholesterol by
irradiation with ultraviolet (UV) light in the wavelengths 280-
305 nm; or it can be ingested in the form of fish liver oils,
eggs, butter, margarine and meat. The most important natural
source of vitamin D is that formed from solar irradiation of
the skin. UV irradiation of ergosterol produces vitamin D,
(ergocalciferol), which, in humans, is a potent antirachitic
substance. It is, however, not a natural animal vitamin and
may have some adverse effects. Less vitamin D is made in
the skin of dark-skinned people than white-skinned people.

m  The term vitamin D (calciferol) is used for a range of
compounds including ergocalciferol (vitamin D,), chole-
calciferol  (vitamin Dj), dihydrotachysterol, alfacalcidol
(1-alpha-hydroxycholecalciferol) and calcitriol (1,25-dihydro-
xycholecalciferol).

VITAMIN D METABOLISM

Cholecalciferol (D;) is converted in the liver to
25-hydroxyvitamin D; (25-OHD;) by means of enzymatic
hydroxylation in the C25 position. This metabolite circulates
in the plasma with a transport protein, which migrates with
the alphaglobulins. It is then la-hydroxylated in the kidney
to 1,25-dihydroxyvitamin D5 (1,25(OH),D;) by the action
of 25-hydroxyvitamin D hydroxylase. Its production appears
to be regulated by several factors, including the phosphate
concentration in the plasma, the renal intracellular calcium
and phosphate concentrations and parathyroid hormone. It
acts on the cells of the gastrointestinal tract to increase calcium
absorption and on bone to increase calcium resorption. In the
kidney it improves the reabsorption of calcium whilst causing
a phosphate diuresis. It also acts on muscle, with the ability
to correct the muscle weakness often associated with rickets.

Vitamin D deficiency causes a fall in the concentration
of calcium in extracellular fluid, which in turn stimulates
parathormone production. The phosphate diuresis effect of
a raised parathyroid hormone level results in lowering of
the plasma phosphate. This produces the low calcium (Ca)
x phosphate (P) product, which is such a characteristic
feature of active rickets. This stage is quickly followed by
an increase in the plasma alkaline phosphatase concentration
and then by radiological and clinical features of rickets.

Aetiology

Deficiency of vitamin D, which once resulted in so much
infantile rickets, with its toll of permanent deformities and
death during childbirth, arose principally due to the limited
amount of sunshine and skyshine in northern latitudes.
Furthermore, in large industrial cities the skyshine contained
very little UV light after filtering through dust, smoke and
fog. The need in a cold climate for heat-retaining clothing
and the tendency to remain indoors in inclement weather
further deprived infants of UV radiation. The natural diet
of the human infant contains little vitamin D, especially if
fed artificially on cow’s milk. Cereals, which are commonly
used, have a rachitogenic effect because the phosphorus
in cereals is in an unavailable form, phytic acid (inositol
hexaphosphoric acid) that combines with calcium and
magnesium in the gut to form the complex compound,
phytin. It is essential to fortify the infant’s diet with vitamin
D if rickets is to be avoided. This would not be necessary in
the wholly breastfed infant living in a sunny land.

Another important causative factor, necessary for the
development of rickets, is growth. The marasmic infant
does not develop rickets when vitamin D deficient until re-
fed and growth commences. The preterm LBW infant who
grows rapidly is particularly prone to develop rickets. There
is evidence that hydroxylation of vitamin D in the liver of
preterm infants is impaired and this together with dietary
phosphate deficiency is an important factor in the osteopaenia
of preterm infants.

Pathology

In the normal infant, there is a zone of cartilage between
the diaphysis and the epiphysis, the epiphyseal plate. At the
epiphyseal end this cartilage is actively growing (proliferative
zone); whereas at the diaphyseal end, where mature cartilage
cells are arranged in orderly columns, osteoblasts lay
down calcium phosphate to form new bone. In rickets, the
cartilage near the diaphysis (resting zone) shows a disordered
arrangement of capillaries and although osteoblasts are
numerous normal calcification does not take place. This
is called osteoid tissue. In the meantime, active growth of
the proliferative zone continues so that the epiphyseal plate
is enlarged and swollen. Osteoid tissue instead of normal
bone is also formed under the periosteum. There is also, in
severe cases, a general decalcification of the skeleton so that
curvatures and deformities readily develop.

The diagnosis of infantile rickets is not difficult but
its rarity in developed countries has resulted in its being
unfamiliar to many doctors. A careful dietary history with
especial reference to the ingestion of vitamin D fortified
milks and cereals and of vitamin supplements will reveal the
child who is at risk. In the case of mothers with osteomalacia
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from their own malnutrition, rickets has been present in
their infants at birth, as the foetal requirements of 25-OHD;
are obtained directly from the maternal pool. In congenital
rickets the presenting feature is usually a hypocalcaemic
convulsion although typical bone changes are to be
expected in radiographs. Subclinical maternal and foetal
vitamin D deficiency has also been found in white mothers
and infants, particularly in infants born in early spring. It
causes compensatory maternal hyperparathyroidism and
dental enamel defects in the infant’s primary dentition.
Such infants are predisposed to neonatal tetany if fed on
unmodified cow’s milk.

There are few subjective signs of rickets. Head
sweating is probably one. General muscular hypotonia
encourages abdominal protuberance; this can be increased
by flaring out of the rib margins and by fermentation of the
excess carbohydrate so commonly included in the diets of
nutritionally ignorant people. The rachitic child commonly
suffers from concomitant iron deficiency anaemia. His
frequent susceptibility to respiratory infections is related
more to the poor environment and overcrowding rather than
to the rickets. The same applies to the unhappy irritable
behaviour which rachitic children sometimes exhibit.

w\itamin D deficiency leads to rickets in children, which is due to
undermineralisation of bone.

w  There are few rich sources of vitamin D and it is unlikely
that requirements of infants can be met without the use of
supplements or food enrichment.

w  Some infants are especially sensitive to hypercalcaemia due to
vitamin D toxicity. J

The objective signs of rickets are found in the skeleton.
The earliest physical sign is craniotabes. This is due to
softening of the occipital bones where the head rubs on the
pillow. When the examiner’s fingers press upon the occipital
area the bone can be depressed in and out like a piece of old
parchment or table tennis ball. Another common early sign is
the “rachitic rosary” or “beading of the ribs” due to swelling
of the costochondral junctions. The appearance is of a row of
swellings, both visible and palpable, passing downwards and
backwards on both sides of the thorax in the situation of the
rib ends (Fig. 5.3). Swelling of the epiphyses is also seen at
an early stage, especially at the wrists, knees and ankles.

In severe cases the shafts of the long bones may develop
various curvatures leading to genu varum, genu valgum and
coxa vara (Fig. 5.4). A particularly common deformity,
shown in Figure 5.4, is curvature at the junction of the middle
and lower thirds of the tibiae. This is often due to the child,
who may have “gone off his feet”, being sat on a chair with
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Fig. 5.3: A 20-month-old child with rickets. Note swollen radial epiphy-
ses, enlarged costochondral junctions, bowing of tibiae and lumbar
lordosis

Fig. 5.4: Rickets showing genu valgum (knock knee)
and genu varum (bow leg)

his feet projecting over the edge in such a fashion that their
weight bends the softened tibial shafts. Bossing over the
frontal and parietal bones, due to the subperiosteal deposition
of osteoid, gives the child a broad square forehead or the “hot
cross bun head”. The anterior fontanelle may not close until
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well past the age of 18 months, although this delay can also
occur in hypothyroidism, hydrocephalus and even in some
healthy children. Another deformity affecting the bony thorax
results in Harrison’s grooves. These are seen as depressions
or sulci on each side of the chest running parallel to but above
the diaphragmatic attachment. This sign, however, may also
develop in cases of congenital heart disease, asthma and
chronic respiratory infections. Laxity of the spinal ligaments
can also allow the development of various spinal deformities
such as dorsolumbar kyphoscoliosis. In children who have
learned to stand there may be an exaggerated lumbar lordosis.
The severely rachitic child will also be considerably dwarfed.
Pelvic deformities are not readily appreciated in young
children but in the case of girls can lead to severe difficulty
during childbirth in later years. The pelvic inlet may be
narrowed by forward displacement of the sacral promontory,
or the outlet may be narrowed by forward movement of the
lower parts of the sacrum and of the coccyx.

Radiological Features

The normally smooth and slightly convex ends of the long
bones become splayed out with the appearance of fraying or
“cupping” of the edges. The distance between the diaphysis
and the epiphysis is increased because the metaphysis consists
largely of nonradiopaque osteoid tissue. Periosteum may
be raised due to the laying down of osteoid tissue, and the
shafts may appear decalcified and curved. In the worst cases,
greenstick fractures with poor callus formation may occur.
The earliest sign of healing is a thin line of preparatory
calcification near the diaphysis (Figs 5.5A and B) followed
by calcification in the osteoid just distal to the frayed ends of
the diaphysis. In time both the ends and shafts of the bone
usually return to normal.

Biochemical Findings

Typical findings are a normal plasma calcium concentration
(2.25-2.75 mmol/L; 9-11 mg/100 ml) whereas the plasma
phosphate (normally 1.6-2.26 mmol/L; 5-7 mg/100 ml)
is markedly reduced to between 0.64 and 1 mmol/L (2-3
mg/100 ml). The normal plasma calcium in the presence
of diminished intestinal absorption of calcium is best
explained on the basis of increased parathyroid activity,
which mobilises calcium from the bones. Plasma phosphate
diminishes due to the phosphaturia, which results from
the effects of parathyroid hormone on the renal tubules.
A plasma calcium x phosphorus product (mg per 100
ml) above 40 excludes rickets, while a figure below 30
indicates active rickets. This formula is useful in clinical
practice but it has no real meaning in terms of physical
chemistry. The plasma alkaline phosphatase activity
(normal 56-190 IU/L) is markedly increased in rickets
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Figs 5.5A and B: (A) Florid rickets showing splaying and fraying of
ends of the long bones and (B) Radiograph of the same case as in
rickets had healed

and only returns to normal with effective treatment. It is,
in fact, a very sensitive and early reflection of rachitic
activity but can be raised in a variety of unrelated disease
states such as hyperparathyroidism, obstructive jaundice,
fractures, malignant disease of bone and the “battered
baby” syndrome. The mean 25-OHD; levels in healthy
British children are 30 nmol/L (12.5 mg/L), although
considerably greater concentrations are reported from the
USA. In children with active rickets, the level of 25-OHD,
may fall below 7.5 nmol/L (3 mg/L). However, it is not
possible to equate the presence of rickets with particular
absolute values for 25-OHDj;, although its measurement
can provide the most sensitive index of the vitamin D status
of a population. Plasma 1,25(OH), D can also be measured
but is a specialised investigation.

Differential Diagnosis

Few diseases can simulate infantile rickets. In hypo-
phosphatasia, some of the clinical and radiological features
resemble those seen in rickets, but their presence in the early
weeks of life exclude vitamin D deficiency. Other features
such as defective calcification of the membranous bones of the
skull, low plasma alkaline phosphatase and hypercalcaemia
are never found in rickets. The characteristic features of
achondroplasia—short upper limb segments, large head with
relatively small face and retroussé nose, trident arrangement
of the fingers, lordosis, waddling gait and X-ray evidence
of endochondral ossification—are unmistakably different
from anything seen in rickets. The globular enlargement
of the hydrocephalic skull is quite distinct from the
square bossed head of severe rickets. The bone lesions of
congenital syphilis are present in the early months of life
and are associated with other characteristic clinical signs
such as rashes, bloody snuffles, hepatosplenomegaly and
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lymphadenopathy. In later, childhood the sabre-blade tibia
of syphilis shows anterior bowing and thickening which
is different from rachitic bowing. Some healthy toddlers
show an apparent bowing of the legs due to the normal
deposition of fat over the outer aspects; this is unimportant
and temporary, and there are no other signs of skeletal
abnormality. Other normal young children have a mild and
physiological degree of genu valgum due to a mild valgus
position of the feet; in rachitic genu valgum, there will
be other rickety deformities. Other types of rickets due
to coeliac disease and renal disease must be excluded by
appropriate investigations. Their existence is almost always
indicated in a carefully taken history.

Prevention

It is important to keep a degree of awareness of the problem
of rickets, as the feeding pattern of many adolescents in
inner city areas would indicate that they are unaware and/
or unconcerned of the need to ensure an adequate vitamin
D status for themselves and for their children. Departments
of health are striving hard to maintain a public awareness of
the importance of nutrition to health and through the supply
of vitamin D fortified foods are endeavouring to prevent
the recrudescence of this preventable disorder. The United
States Institute of Medicine estimates ‘adequate intakes’
(AI) of vitamin D for those with no sun-mediated synthesis
in the skin—for ages 0-50 years (including pregnancy and
lactation), the Al is 5 pg/day.

Treatment

Although rickets can be healed by exposure to UV light it
is more practicable and reliable to administer vitamin D in
adequate dosage by mouth. Nutritional deficiency of vitamin
D is best treated with cholecalciferol or ergocalciferol. A
suitable dose is 1,600-2,000 IU orally (1 mg calciferol
= 40,000 IU). This can be achieved using the BP or a
proprietary concentrated preparation. Although calcium
deficiency per se very rarely has caused rickets there should
be an adequate amount of calcium in the infant’s diet (approx
600 mg/day). This is contained in 1 pint (600 ml) of milk per
day. An alternative method of treatment, especially useful
where it is suspected that the parents are unreliable and
unlikely to administer a daily dose of vitamin D, is the oral
or intramuscular administration of a massive dose of vitamin
D (Stoss therapy, 300,000-600,000 IU). It is, however,
uncertain how much of such a large dose the body can utilise
although rapid healing of rickets can be confidently expected.
Some children are unusually sensitive to vitamin D and a rare
condition with elfin facial appearance, William syndrome
can occur.
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Even major deformities will disappear with adequate
treatment in the young child and surgical correction is rarely
required. The child should be kept from weight-bearing until
X-rays show advanced healing, to prevent aggravation of the
deformities. The parent of a rachitic child requires education
in nutrition and childcare. They should be urged to take the
child, after treatment, for regular supervision by their family
doctor or at a local child health clinic.

m  Children receiving pharmacological doses of vitamin D or its
analogues should have their plasma—calcium level checked
at intervals of once or twice a week because excessive
supplementation may cause hypercalcaemia.

VITAMIN C (ASCORBIC ACID) DEFICIENCY

Aetiology

The primary cause is an inadequate intake of vitamin C
(ascorbic acid), a vitamin that the human unlike most other
animals is unable to synthesise within his own body. It is
rare in the breastfed infant unless the mother has subclinical
avitaminosis C. Cow’s milk contains only about a quarter of
the vitamin C content of human milk and this is further reduced
by boiling, drying or evaporating. Scurvy is particularly
common in infants who receive a high carbohydrate diet.
The suggested recommended dietary allowance is 35 mg/
day.

Pathology

Vitamin C deficiency results in faulty collagen, which
affects many tissues including bone, cartilage and teeth. The
intercellular substance of the capillaries is also defective.
This results in spontaneous haemorrhages and defective
ossification affecting both the shafts and the metaphyseo-
epiphyseal junctions. The periosteum becomes detached from
the cortex and extensive subperiosteal haemorrhages occur;
these explain the intense pain and tenderness, especially of
the lower extremities.

Clinical Features

Increasing irritability, anorexia, malaise and low-grade fever
develop between the ages of 7 months and 15 months. A most
striking feature is the obvious pain and tenderness which the
infant exhibits when handled, e.g. during napkin changing.
The legs are most severely affected and they characteristically
assume a position (“frog-position”) in which the hips and
knees are flexed and the feet are rotated outwards. Gums
become swollen and discoloured and may bleed; this is seen
only after teeth have erupted and the teeth may become
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loose in the jaws. Periorbital ecchymosis (“black eye”) or
proptosis due to retro-orbital haemorrhage is common but
haemorrhages into the skin, epistaxis or gastrointestinal
haemorrhages are not commonly seen in infantile scurvy.
The anterior ends of the ribs frequently become visibly and
palpably swollen but this does not affect the costal cartilages
as in rickets; the sternum has the appearance of having been
displaced backwards. Microscopic haematuria is frequently
present.

Radiological Features

The diagnosis is most reliably confirmed by X-rays. The
shafts of the long bones have a “ground-glass” appearance
due to loss of normal trabeculation. A dense white line
of calcification (Fraenkel’s line) forms proximal to the
epiphyseal plate and there is often a zone of translucency due
to an incomplete transverse fracture immediately proximal
to Fraenkel’s line. A small spur of bone may project from
the end of the shaft at this point (“the corner sign”). The
epiphyses, especially at the knees, have the appearance of
being “ringed” by white ink. Subperiosteal haemorrhages
only become visible when they are undergoing calcification
but a striking X-ray appearance is then seen (Fig. 5.6).

Diagnosis

Measurement of vitamin C in serum and leukocytes is the
common means of assessing vitamin C status. For practical
purposes, measurement of vitamin C in serum is preferred
over leukocyte measurement. Measurement of urinary
vitamin C in patients suspected of scurvy can provide
supportive diagnostic information. There are no reliable
functional tests of vitamin C.

= \/itamin C deficiency manifests as scurvy.

m \itamin C status is assessed by plasma and leukocyte
concentrations.

m At intakes above 100 mg/day the vitamin is excreted quanti-
tatively with intake in the urine.

m There is little evidence that high intakes have any beneficial
effects, but equally there is no evidence of any hazard from
high intakes. J

Treatment and Prevention

The most rapid recovery can be obtained with oral ascorbic
acid, 200 mg per day. There is no advantage in parenteral
administration. Excess vitamin C is excreted in the urine and
there is no evidence that vitamin C is in any way poisonous. In
developed countries, the usual cause of vitamin C deficiency is
ignorance of the parents of the need to supply adequate amounts

Fig. 5.6: Radiograph from a case of infantile scurvy in the healing
stage with calcified subperiosteal haematoma. Note also “ringing of
epiphyses, Fraenkel’s white lines and proximal zone of translucency

of vitamin C or alternatively some obsessive parents boil fruit
juices, which would normally supply adequate vitamin C to
the child, but the act of boiling destroys the ascorbic acid.

VITAMIN B DEFICIENCIES

The B vitamins are widely distributed in animal and vegetable
foods. Deficiency of one of the B group vitamins is commonly
associated with deficiencies of the others. The main functions
of B vitamins are as cofactors for metabolic processes or
as precursors of essential metabolites. Deficiencies occur
when there is severe famine, where there are dietary fads,
where diets are severely restricted or where there has been
inappropriate preparation of the food. Many B vitamins are
destroyed by cooking.

Thiamine (Vitamin B,) Deficiency

Thiamine, as are all the B vitamins, is water soluble and
readily destroyed by heat and alkali. It is necessary for
mitochondrial function and for the synthesis of acetylcholine.
It is present in a wide variety of foods but deficiency states
have been particularly common in communities where
polishing rice and refining flour has removed the vitamin B
containing husks. Beriberi is now rare in the countries where
it was originally described—Japan, Indonesia and Malaysia.

Clinical Features

Deficiency of thiamine (beriberi) causes clinical
manifestations in the nervous and cardiovascular systems
predominantly although all tissues are affected. There is
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degeneration of peripheral nerve fibres and haemorrhage and
vascular dilatation in the brain (Wernicke encephalopathy).
There can be high output cardiac failure and erythemas. Signs
of the disease develop in infants born to thiamine deficient
mothers at the age of 2-3 months. They appear restless with
vasodilatation, anorexia, vomiting and constipation and pale
with a waxy skin, hypertonia and dyspnoea. There is peripheral
vasodilatation and bounding pulses with later development of,
hepatomegaly and evidence of cardiac failure. This is due to
a combination of the peripheral vasodilatation and decreased
renal flow. This is known as the “wet” form of beriberi.
There is reduction of the phasic reflexes at knee and ankle.

In older children “dry” beriberi or the neurological
complication of thiamine deficiency results in paraesthesia
and burning sensations particularly affecting the feet.
There is generalised muscle weakness and calf muscles are
tender. Tendon reflexes may be absent, a stocking and glove
peripheral neuritis develops and sensory loss accompanies the
motor weakness. Increased intracranial pressure, meningism
and coma may follow.

m  The classical thiamine deficiency disease beriberi, affecting the
peripheral nervous system, is now rare.

m Thiamine status is assessed by erythrocyte transketolase
activation coefficient.

Diagnosis

There are few useful laboratory tests although in severe
deficiency states the red blood cell transketolase is reduced
and lactate and pyruvate may be increased in the blood,
particularly after exercise.

Treatment

The usual thiamine requirement is 0.5 mg per day during
infancy and 0.7-1 mg daily for older children. Pregnant and
lactating women should have a minimal intake of 1 mg per
day. Treatment of B, deficiency is 10 mg per day for infants
and young children increasing to 50 mg per day for adults. In
the infant with cardiac failure intravenous or intramuscular
thiamine (100 mg daily) can be given. The response can at
times be dramatic. There is no evidence of any toxic effect of
high intakes of thiamine, although high parenteral doses have
been reported to cause anaphylactic shock.

Riboflavin (Vitamin B,) Deficiency

Clinical Features

Deficiency is usually secondary to inadequate intake
although in biliary atresia and chronic hepatitis there may
be malabsorption. Clinical features are those common to
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a number of B group deficiency states namely cheilosis,
glossitis, keratitis, conjunctivitis, photophobia and lacri-
mation. Cheilosis begins with pallor, thinning and macera-
tion of the skin at the angles of the mouth and then
extends laterally. The whole mouth may become reddened
and swollen and there is loss of papillae of the tongue.
A normochromic, normocytic anaemia is secondary to
bone marrow hypoplasia. There may be associated with
seborrhoeic dermatitis involving the nasolabial folds
and forehead. Conjunctival suffusion may proceed to
proliferation of blood vessels onto the cornea.

Diagnosis

Urinary riboflavin excretion of less than 30 mg per day is
characteristic of a deficiency state. There is reduction of red
cell glutathione reductase activity.

Treatment

Riboflavin is present in most foods although the best sources
are milk and milk products, eggs, liver, kidney, yeast
extracts and fortified breakfast cereals. However, riboflavin
is unstable in UV light, and after milk has been exposed to
sunlight for 4 hours, up to 70% of riboflavin is lost.

In childhood, the daily requirement for riboflavin is 0.6
mg per 4.2 mJ (1,000 kcal) and treatment of a deficiency state
requires 10 mg oral riboflavin daily. In some circumstances,
riboflavin 2 mg three times per day can be given by
intramuscular injection until there is clinical improvement.

m  Riboflavin deficiency is relatively common.
m  Phototherapy for neonatal hyperbilirubinaemia can cause
iatrogenic riboflavin deficiency.

Pellagra (Niacin Deficiency)

Niacin is the precursor of nicotinamide adenine dinucleotide
(NAD) and its reduced form NADP. It can be synthesised
from tryptophan and pellagra tends to occur when maize,
which is a poor source tryptophan and niacin, is the staple
diet. Niacin is lost in the milling process. Communities
where millet, which has a high leucine content, is consumed
also have a high incidence of pellagra.

Clinical Features

The classical triad for pellagra is diarrhoea, dermatitis and
dementia although in children the diarrhoea and dementia are
less obvious than in the adolescent and adult. There is light-
sensitive dermatitis on exposed areas, which can result in
blistering and desquamation of the skin. On healing the skin
becomes pigmented (Fig. 5.7). The children are apathetic
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Fig. 5.7: Pellagra—"“casal’s necklace” on the neck

and disinterested and feed poorly due to an associated
glossitis and stomatitis.

Diagnosis

The two methods of assessing niacin deficiency are
measurement of blood nicotinamide nucleotides and the
urinary excretion of niacin metabolites, neither of which is
wholly satisfactory.

Treatment

The normal requirement for niacin in infancy and childhood
is 8-10 mg per day when the tryptophan intake is adequate.
Deficiency states can be treated with up to 300 mg per day
given orally but care must be taken, as large doses will
produce flushing and burning sensations in the skin. There
is almost always other associated vitamin B deficiencies and
these should be supplied during the treatment of pellagra.
Due to the intimate involvement of the three major B vitamins
described in intermediary metabolism the requirement is
best determined in relation to energy intake. Recommended
intakes on this basis are: thiamine 0.4 mg per 4.2 mJ (100
kcal); riboflavin 0.55 mg per 4.2 mJ and niacin 6.6 mg per
4.2 ml].

Vitamin By (Pyridoxine) Deficiency

Vitamin B, occurs in nature in three forms: (1) pyridoxine, (2)
pyridoxal and (3) pyridoxamine, which are interconvertible
within the body. The principal one in the body and in food
is pyridoxal.

There may be inadequate intake of dietary pyridoxine
when there is prolonged heat processing of milk and cereals
or when unsupplemented milk formulae or elemental diets
are used. There can be inadequate absorption in coeliac
disease and drug treatment with isoniazid, penicillamine and
oral contraceptives will aggravate deficiency states.

95

The disorder has to be differentiated from pyridoxine
dependency in which pyridoxine dependent convulsions and
anaemia are secondary to a genetic disorder of the apoenzyme.
Deficiency on its own is rare; it is most often seen with
deficiencies of other vitamins or with protein deficiency.

Clinical Features

Pyridoxine deficiency states result in convulsions, peripheral
neuritis, cheilosis, glossitis (as in riboflavin deficiency),
seborrhoea and anaemia and impaired immunity. The anaemia
is microcytic and is aggravated when intercurrent infections
complicate the clinical picture. There may be oxaluria
with bladder stones, hyperglycinaemia, lymphopaenia and
decreased antibody production.

Diagnosis

There is increased xanthurenic acid in the urine after an oral
dose of the amino acid tryptophan. Glutamine-oxaloacetic
acid transaminase is reduced in the red cells.

Treatment

The wusual requirements for non-pyridoxine dependent
individuals are 0.5 mg per day in infancy and 1 mg per day
in children.

Vitamin B,, Deficiency

If maternal vitamin B, status is satisfactory the reserves of
B, in the term newborn infant should last throughout the
first year of life especially if the infant is breastfed. Dietary
deficiency of vitamin B, is unusual except amongst the strict
vegans who consume neither milk nor eggs. Absorption of
B, requires a gastric intrinsic factor (IF), which promotes
absorption in the terminal ileum. Deficiency of IF, secondary
to gastric achlorhydria is rare in childhood. It has been
reported secondarily to the development of gastric parietal
cell antibody but this is extremely rare. Familial pernicious
anaemia is secondary to a series of autosomal recessively
inherited defects in B, metabolism or in the function of B,
binding proteins. Resection of the terminal ileum or Crohn’s
disease will predispose children to B, deficiency unless B,
supplementation is given.

Clinical Features

Pallor, anorexia and glossitis are common features.
Paraesthesia with loss of position and vibration sense is a
disorder of adolescence rather than childhood. There is a
megaloblastic anaemia with neutropaenia, thrombocytopaenia
and hypersegmentation of polymorphonuclear leukocytes.
The bone marrow shows a megaloblastic, erythroid picture
with giant metamyelocytes.
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The neurological signs of subacute combined degeneration
of the cord with peripheral neuritis; degeneration of the
dorsal columns and corticospinal tract is a late phenomenon
as is retrobulbar neuropathy.

Diagnosis

Serum vitamin B,, normal levels range from 200 pg/ml
to 900 pg/ml or over 150 pmol/L. Deficiency is indicated
by values below this. Elevated serum or urinary excretion
of methylmalonate and raised plasma homocysteine are the
other biochemical tests indicating low B,, status. Schilling
test is used to confirm the diagnosis of pernicious anaemia.
It measures oral absorption of vitamin B;, labelled with
radioactive cobalt on two occasions, the first without and the
second test with IF.

w  Dietary deficiency of vitamin B,, occurs only in strict vegans;
there are no plant sources of the vitamin B,.

Treatment

In the rare instance of dietary deficiency oral supplementation
is satisfactory. Where there is inadequate absorption
intramuscular injections, initially of 1 mg per day reducing
to 1 mg at 3 monthly intervals in the light of clinical
improvement is the usual management in older children and
adolescents. Hydroxocobalamin has completely replaced
cyanocobalamin as the form of vitamin B, of choice for
therapy; it is retained in the body longer than cyanocobalamin
and thus for maintenance therapy can be given at intervals of
up to 3 months. Treatment is generally initiated with frequent
administration of intramuscular injections to replenish the
depleted body stores.

Folate Deficiency

The word folic is from the Latin ‘folia’ (leaf), coined in 1941
for an early preparation of this vitamin from spinach leaves.

Deficiency of folic acid is widespread in many
communities and is a known factor in the aetiology of
neural tube defects. Although found widely in plant and
animal tissues the vitamin is easily destroyed by cooking and
storage processes. Requirements for growth during foetal
and neonatal life and childhood are high. Deficiency states
are likely to occur during childhood particularly when there
is excessive cell turnover such as occurs in the haemolytic
anaemias and in exfoliative skin conditions such as eczema.
Folic acid is the precursor of tetrahydrofolate, which is
intimately involved in a series of enzyme reactions of amino
acid, purine and intermediary metabolism. Folate is absorbed
in the duodenum and in malabsorptive states including coeliac
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disease folate deficiency is common. In some situations
where the small intestine is colonised by bacteria (blind
loop syndrome), folate is diverted into bacterial metabolism.
Some anticonvulsants and antibacterial agents either increase
the metabolism of folate or compete with folate.

Clinical Features

Megaloblastic anaemia and pancytopaenia together with poor
growth are the result of the cessation of cell division, which
comes about when nucleoprotein formation is interrupted due
to the lack of synthesis of purines and pyrimidines.

Diagnosis

The blood picture is one of a megaloblastic anaemia with
neutropaenia and thrombocytopaenia. The neutrophils
contain large hypersegmented nuclei and bone marrow is
hypercellular due to erythroid hyperplasia. Although the
reticulocyte count is low nucleated red cells appear in the
peripheral blood. Red cell folate measurements are less than
75 ng/ml and it gives a better idea of cellular status. There
is a close interaction of By, and folic acid in the synthesis
of tetrahydrofolate and formyltetrahydrofolate, which are
required for purine ring formation. With isolated folate
deficiency, there are none of the neuropathies associated with
the megaloblastic anaemia of B, deficiency.

Treatment

Response to treatment with oral or parenteral folic acid
2-5 mg per day is usually rapid. If there is a combined folate
and B, deficiency folic acid alone may cure the megaloblastic
anaemia but the subacute combined degeneration of the cord
will persist until By, is given. In order to reduce the risk
of neural tube defect, it is recommended that all women
should ensure an intake of 0.4 mg folic acid/day from before
conception and throughout pregnancy. Any woman giving
birth to an infant with a neural tube defect should have 4 mg
folic acid from before conception and throughout pregnancy.
Folinic acid is also effective in the treatment of folate-
deficient megaloblastic anaemia but it is normally only used
in association with cytotoxic drugs; it is given as calcium
folinate.

m  Dietary folate deficiency is not uncommon; deficiency results in
megaloblastic anaemia.

m | ow folate status is associated with neural tube defects, and
periconceptional supplements reduce the incidence.

m  Folate status can be assessed by measuring plasma or
erythrocyte concentrations.
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VITAMIN E (TOCOPHEROL) DEFICIENCY

Vitamin E deficiency except in the preterm infant is
rare. In the preterm, vitamin E deficiency is occasionally
associated with haemolytic anaemia and may contribute
to the membrane damage associated with intraventricular
haemorrhage and bronchopulmonary dysplasia. Vitamin E
is essential for the insertion and maintenance of long chain
polyunsaturated fatty acids in the phospholipid bilayer of cell
membranes by counteracting the effect of free radicals on
these fatty acids. When the essential fatty acid content of
the diet is high, vitamin E is required in increased amounts.
Plant foods high in fat, particularly polyunsaturated fat, are
the best sources of vitamin E. Natural sources of vitamin E
are oily fish, milk, cereal, seed oils, peanuts and soya beans.
Children with abetalipoproteinaemia have steatorrhoea
and low circulating levels of vitamin E associated with
neurological signs. More recently older children and adults
with cystic fibrosis have developed neurological signs
similar to those in abetalipoproteinaemia due to vitamin E
deficiency. In any child with fat malabsorption such as cystic
fibrosis and cholestatic liver disease, it would be important
to give supplementary vitamin E in addition to correcting
the underlying fat malabsorption where possible. The most
commonly used index of vitamin E nutritional status is the
plasma concentration of alpha-tocopherol. From the plasma
concentration of alpha-tocopherol required to prevent
haemolysis in vitro, the average requirement is 12 mg/day.
Some neonatal units still give a single intramuscular dose
of vitamin E at birth to preterm neonates to reduce the risk
of complications; however, no trials of long-term outcome
have been carried out. The intramuscular route should also
be considered in children with severe liver disease when
response to oral therapy is inadequate.

m  Premature infants have inadequate vitamin E status and arj

susceptible to haemolytic anaemia.

VITAMIN K DEFICIENCY

Vitamin K is necessary for the production of blood clotting
factors and proteins necessary for the normal calcification
of bone. Osteocalcin synthesis is similarly impaired, and
there is evidence that undercarboxylated osteocalcin is
formed in people with marginal intakes of vitamin K who
show impairment of blood clotting. Treatment with warfarin
or other anticoagulants during pregnancy can lead to bone
abnormalities in the foetus the so-called foetal warfarin
syndrome, which is due to impaired synthesis of osteocalcin.

Because vitamin K is fat soluble, children with fat
malabsorption, especially in biliary obstruction or hepatic
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disease may become deficient. Neonates are relatively
deficient in vitamin K and those who do not receive
supplements are at risk of serious bleeds including intracranial
bleeding. Therefore, newborn babies should receive vitamin
K to prevent vitamin K deficiency bleeding (haemorrhagic
disease of the newborn). Also babies born to mothers with
liver disease or taking enzyme inducing anticonvulsant
drugs (carbamazepine, phenobarbital, phenytoin), rifampicin
or warfarin should receive vitamin K because they are at
particular risk of vitamin K deficiency.

m  Dietary deficiency of vitamin K is rare.

m  Newborn infants have low vitamin K status and are at risk of
severe bleeding unless given prophylactic vitamin K.

m Vitamin K status is assessed by estimation of prothrombin time.

BIOTIN AND PANTOTHENIC ACID

Biotin is a coenzyme (CoA) for several caboxylase enzymes.
Biotin deficiency is very rare as biotin is found in a wide
range of foods, and bacterial production in the large intestine
appears to supplement dietary intake.

Pantothenic acid is part of CoA and of acyl carrier protein
(ACP). Spontaneous human deficiency has never been
described. As pantothenic acid is so widely distributed in
foods, any dietary deficiency in humans is usually associated
with other nutrient deficiencies.

Copper Deficiency

Copper is the third most abundant dietary trace metal after
iron and zinc and is found at high levels in shellfish, liver,
kidney, nuts and whole grain cereals. In 1962, copper
deficiency was reported in humans.

Copper is also an important constituent of many enzyme
systems such as cytochrome oxidase and dismutase yet clinical
copper deficiency states are rare except in very LBW infants,
in states of severe protein energy malnutrition and during
prolonged parenteral nutrition. The term infant is born with
substantial stores of liver copper largely laid down in the last
trimester of pregnancy bound to metallothionein. Preterm
infants will, therefore, be born with inadequate liver stores
of copper and may develop deficiency in the newborn period
unless fed foods supplemented with copper. No estimated
average requirement (EAR) or recommended dietary intake
(RDI) has been estimated for copper. However, it is thought
that the daily requirement for copper in term infants is
0.2 mg per day increasing to 1 mg per day by the end of the
first year of life hereafter the requirement for copper is 1-3
mg per day. Human milk contains about 0.6 mmol (39 mg)
per 100 ml copper but cow’s milk only contains 0.13 mmol
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(9 mg) per 100 ml. Many infant formulae are supplemented
with copper. In soya-based infant formulas, phytate binding
prohibits absorption and additional copper supplementation
is required. Percentage absorption of copper is increased
in deficiency states although, like iron, absorption is partly
dependent on the form in which copper is presented to the gut.
Other trace elements such as iron, zinc, cadmium, calcium,
copper, sulphur and molybdenum interfere with copper
absorption. After absorption the copper is bound to albumin
in the portal circulation. Caeruloplasmin is formed in the
liver and is the major transport protein for copper. Frank
copper deficiency can be determined by the measurement
of plasma copper concentrations or plasma caeruloplasmin,
or by determination of the activities of copper-dependent
enzymes such as superoxide dismutase. Therefore, plasma
copper has been used as a measure of copper deficiency but
caeruloplasmin also acts as an acute-phase reactant and will
increase in stress situations particularly during infections.
The normal plasma copper concentration is 11-25 mmol/L
(0.7-1.6 mg/L) and caeruloplasmin 0.1-0.7 g/L. These
values are decreased in deficiency states.

Clinical Features

In preterm infants, there may be severe osteoporosis with
cupping and flaring of the bone ends with periosteal reaction
and submetaphyseal fractures. Severe bone disease has been
reported in older infants on bizarre diets. It has been argued
that subclinical copper deficiency may account for some of
the fractures in suspected non-accidental injury. It is most
unlikely that copper deficiency in an otherwise healthy child
could result in unexplained fracture. To suggest that copper
deficiency develops without obvious cause and results in
bone fractures without other evidence of copper deficiency
is at best unwise.

Menkes’ syndrome, also called steely-hair or kinky-
hair syndrome, is a rare X-linked disorder associated with
disturbed copper metabolism. There is gross osteoporosis
and progressive neurological impairment. Scalp hair is
sparse and brittle with pili torti on microscopic examination.
The disorder does not respond to copper therapy.

Selenium Deficiency

Muscular dystrophy in lambs and calves has been reported in
parts of the world where there is deficiency of selenium in the
soil. In humans, Keshan disease has been reported in China.
Selenium is essential for glutathione peroxidase activity
which catalyses the reduction of fatty acid hydroperoxides
and protects tissues from peroxidation. Thus selenium
is important in maintaining the fatty acid integrity of
phospholipid membranes and reducing free radical damage.
It is found in fish, meat and whole grain and reflects the
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soil selenium content of the region. Vitamin C improves the
absorption of selenium.

Clinical Features

In China, an endemic cardiomyopathy affecting women
of childbearing age and children known as Keshan
disease has been reported. The condition responds to
selenium supplementation. In New Zealand, low selenium
concentrations in the soil result in low plasma levels and in
children with phenylketonuria (PKU) on a low phenylalanine
diet low plasma levels of selenium have been reported.
There is no obvious clinical abnormality in the New Zealand
population although poor growth and dry skin has been
reported in the selenium deficient PKU children.

Increasingly, epidemiological evidence as well as data
from animal studies points to a role for selenium in reducing
cancer incidence. However, it should be noted that while
selenium is an essential micronutrient and supplementation
or fortification of foods may in many cases be advantageous,
in excess selenium is exceedingly toxic. The margin between
an adequate and a toxic intake of selenium is quite narrow.
Symptoms of selenium excess include brittle hair and nails,
skin lesions and garlic odour on the breath due to expiration
of dimethylselenide. Lack of dietary selenium has also been
implicated in the aetiology of cardiovascular diseases, but the
evidence is less convincing than for cancer.

Chromium Deficiency

Chromium may be involved in nucleic acid metabolism and is
recognised as a cofactor for insulin. It is poorly absorbed and
there is some evidence that in the elderly, glucose tolerance
can be improved by chromium supplementation. Chromium
deficiency has been reported in severely malnourished
children and in children on prolonged parenteral nutrition.
Weight gain and glucose tolerance in such children has
been reported to improve after chromium supplementation.
In long-term parenteral nutrition peripheral neuropathy
and encephalopathy have also been reported to respond to
chromium administration.

lodine Deficiency

Endemic goitre has been recognised for many centuries in
mountainous regions of the world. The Andes, Himalayas,
mountains of Central Africa and Papua, New Guinea as well
as Derbyshire in the United Kingdom, are areas where the
condition has been recognised. Minimal requirements are
probably less than 20 mg/day in infants and young children
increasing to 50 mg/day during adolescence. Breast milk
contains up to 90 mg/L. Goitre occurs when the iodine
intake is less than 15 mg/day and results in a reduced serum
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thyroxine (T,) but a decreased triiodothyronine (T ). Thyroid
stimulating hormone (TSH) values increase. The introduction
of iodised salt to areas of endemic goitrous and cretinism
has largely eradicated goitre cretinism in these regions. Thus
at present this is best achieved through iodine fortification
of foods. Some plants including Brassicas, bamboo shoots
act as goitrogens by inhibiting iodine uptake by the thyroid
gland.

w  |odisation of salt is the preferred way and greater than 60% of
families in affected regions now have access to fortified salt.

Fluoride

Fluoride is present in most foods at varying levels and
also in drinking water, either naturally occurring or added
deliberately. Fluoride content of teeth and bones is directly
proportional to the amount ingested and absorbed from the
diet. Fluoride has been recognised as an important factor
in the prevention of caries. Where the fluoride content of
the drinking water is less than 700 pg/L (0.7 parts per
million), daily administration of fluoride tablets or drops is
a suitable means of supplementation. It is now considered
that the topical action of fluoride on enamel and plaque is
more important than the systemic effect. Systemic fluoride
supplements should not be prescribed without reference to
the fluoride content of the local water supply. Infants need
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not receive fluoride supplements until the age of 6 months.
Toothpaste or tooth powder which incorporate sodium
fluoride or monofluorophosphate are also a convenient
source of fluoride.

Higher intakes of fluoride (10 mg/L) are toxic and
leading to fluorosis. However, fluorosis is common in parts
of Southern Africa, the Indian subcontinent and China where
there is a high fluoride content in the subsoil water, which
enters the food chain either directly or via plants.

m  Fluoride is now considered that the topical action of fluoride on
enamel and plaque is more important than the systemic effect.
Also systemic fluoride supplements should not be prescribed
without reference to the fluoride content of the local water

supply.
m  |nfants need not receive fluoride supplements until the age of 6
months.

W,

Other Trace Minerals

Manganese, molybdenum and cadmium are known to be
necessary for health in animals but no clear human evidence
of deficiency states are known to man. Following recent
experience with zinc, copper and chromium, it seems likely
that future research will lead to the identification of specific
deficiencies of some of these other trace elements in infants
and children.
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Respiratory Disorders

INTRODUCTION

Respiratory disorders are very common in paediatrics.
They are responsible for significant numbers of inpatient
admissions, outpatient referrals and general practice consults.
The Global Initiative for Asthma (GINA), global burden
report (www.ginasthma.com) estimated that 300 million
people of all ages and ethnicity worldwide have asthma.
The 1993 World Development Report reported that acute
respiratory infection caused 30% of all childhood deaths
(www.econ.worldbank.org). This chapter covers common
paediatric respiratory problems as well as some rarer ones.

A careful history and examination is vital in respiratory
medicine. When a child presents with respiratory symptoms,
e.g. a cough then the following should be asked.

HISTORY AND EXAMINATION

When did the cough start?

Is it there all the time?

What makes it better or worse?

Is the cough productive of sputum? If so, is it green or

blood stained? (Remember young children commonly

swallow sputum rather than coughing it up). A persistent

productive cough in a child can be a sign of bronchiectasis.

e [s it worse at night? (In asthmatics, night cough is a
common problem)

e Are there other associated symptoms, e.g. wheeze,
breathlessness, fever or lethargy?

e What treatments have been tried and what do the parents

feel helped? Have they used the inhalers correctly?

Past Medical History

e Previous operations and hospital admissions
e Presence of other conditions, e.g. eczema and hay fever
as this may point to a diagnosis of atopy.

Birth History

Was the infant born preterm?
Did they have respiratory difficulties?
e Birth weight.

Family History

®  Who lives with the child?

e Are there family members with respiratory illness, e.g.
asthma?

e [s there a family history of hay fever or eczema?

Social History

Is there anyone in the house who smokes?
Are there housing problems, e.g. dampness?
What pets do they have?

What recent travel have they had?

Vaccination History

e Have all vaccines been given?

RESPIRATORY INVESTIGATIONS

There are numerous respiratory investigations that can be

done. These are carried out when clinically indicated.

e Chest imaging, e.g. chest radiograph, chest computed
tomography (CT) scan and magnetic resonance imaging
(MRI) of chest.

e Lung function studies—include spirometry and
plethysmography. Figures 6.1 to 6.3 show a normal
flow volume loop, an obstructed flow volume loop and
a restrictive flow volume loop respectively. Figure 6.4
shows a plethysmograph (body box). These are similar to
the studies performed in adults and usually children need
to be at least 5 years old for them to do the manoeuvres
needed. Incentive computer programmes have been
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developed to help to get consistent results. Exercise
testing and histamine challenge are also performed.
Infant lung function testing is available in some centres
but at present it is mostly used for research purposes.
pH studies: This uses placement of an oesophageal probe
to measure acidity in the lower third of the oesophagus
Barium swallow—performed for gastro-oesophageal
reflux (GOR) and also helps to identify the presence of
vascular rings that compress the oesophagus and trachea.
Video-fluoroscopy of swallowing: This is a test used to
look for swallowing problems, particularly aspiration.
Flexible or rigid bronchoscopy

Oxygen saturation studies and polysomnography

Skin prick testing for common allergens

Sweat test: used for cystic fibrosis (CF)

Measurement of serum immunoglobulins (IgG, IgM and
IgA)

Measurement of total IgE.

EXAMINATION

This includes measurement of a child’s height and weight,
which should be plotted on a growth chart.
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Fig. 6.3: Restrictive flow volume loop

Fig. 6.4: Body plethysmograph—used to measure lung volumes

Inspection

Is the child alert and talking normally? Acute respiratory
distress can lead to breathlessness, confusion, difficulty
in speaking and lethargy. Look for signs of respiratory
distress, e.g. rapid breathing rate—note an infant’s
normal breathing rate that can be from 40 to 60 breaths
per minute, as children get older their breathing rate
gradually slows down. Generally teenagers’ normal
breathing rate is 15 breaths per minute.

Is there use of accessory muscles of respiration? In an
infant, doctor may see tracheal tug and head bobbing, in
an older child there may be sub-costal recession and use
of their sternocleidomastoid muscles.

Is there central cyanosis or finger-clubbing? Are there
scars or central venous access devices?

Is the chest hyperinflated? Is there Harrison Sulci evident?
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Palpation

Chest excursion—can be difficult in a young infant.
Feel for apex beat and tracheal deviation—again this can be
difficult in a young infant as they often have short necks.

Percussion

e Percuss the chest for areas of dullness.

Auscultation

e s air entry equal on both sides?
e Are the breath sounds normal?
e Are there added sounds, such as crackles, wheeze or stridor?

Examination of Ear, Nose and Throat

e These should be inspected directly with an auroscope.

THE RESPIRATORY TRACT IN CHILDREN

At birth the lungs have the same number of conducting airways,
e.g. bronchial divisions as adults though they are much smaller.
The number of alveoli present is only one third to one half of
the total number in adult. Lung growth occurs by increasing
the number of alveoli and their size and by increasing the size
of the airways. The upper and lower airways in children are
small and therefore prone to obstruction.

Infants predominantly use diaphragmatic breathing
rather than using their intercostal muscles, as these are
underdeveloped. Children’s ribs lie more horizontally and
do not contribute as much to expansion of their chests.
Their rib cage is less bony than in adults and is therefore
more compliant and this can also make them more prone to
respiratory difficulties.

Congenital abnormalities of the respiratory tract are rare.
They can be divided into abnormalities of the upper airways,
e.g. larynx and above, and of the lower respiratory airways.

Congenital Abnormalities of the Upper
Respiratory Tract

Choanal Atresia

Choanal atresia is a narrowing or blockage of the nasal
airway by membranous or bony tissue. It is thought to result
from persistence of the membrane between the nasal and
oral spaces during foetal development. It can be complete
or partial, bilateral or unilateral and bony or membranous.
The newborn is an “obligate nose breather”, meaning it must
breathe through its nose. In fact, almost the only time an
infant does not breathe through its nose, when it is crying.
Bilateral choanal atresia causes acute breathing problems
and cyanosis soon after birth. The cyanosis is typically
relieved when the baby cries. There can also be persistent
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green thick nasal secretions. The diagnosis may be suggested
by failure to pass a nasogastric tube down the nose. Nasal
endoscopy and a CT scan of the choanal area can also help to
delineate how severe the atresia is. Choanal stenosis can lead
to noisy breathing and difficulty in feeding. Choanal atresia
is surgically managed.

It is well recognised that approximately 47 % of children
with choanal atresia can have other congenital abnormalities—
the “CHARGE” association in which there are 7 main types
of abnormalities noted: coloboma, heart defects, atresia
(choanal), retardation (mental and growth), genital anomaly,
ear anomaly and deafness. This is an association caused by
a developmental defect involving the midline structures of
the body, specifically affecting the craniofacial structures.
Children need to have abnormalities of at least 4 out of the 7
organs to have the “CHARGE” association. The severity of
abnormalities can vary.

Therefore, a child with choanal abnormalities should
be examined carefully and investigated to look for these
features.

Laryngomalacia

This is acommon condition of unknown cause where the larynx
is floppier than normal, the epiglottis is large and differently
shaped, the arytenoids are also floppy and on inspiration the
larynx collapses inwardly obstructing the airway causing
stridor. Stridor is usually present soon after the birth. It is
louder on inspiration, on crying and when there is an upper
respiratory tract infection (URTI). Laryngomalacia does not
usually cause difficulty in breathing or feeding unless severe,
but it can be associated with apnoea, if severe. There can be
sub-costal recession due to the obstruction of airflow. The
baby’s voice should be normal.

Diagnosis is made by history and clinical findings of a
well child with stridor. Infants with difficulty in breathing or
feeding do need visualisation of their upper airways by flexible
laryngoscopy. This can be done without sedation. In fact the
dynamic airway is best seen in this way. Laryngomalacia
rarely needs treatment and infants usually grow out of it. If
severe, then aryepiglottoplasty can be used.

However, normal laryngoscopy in a child with
persistent stridor warrants flexible or rigid bronchoscopy
of the entire bronchial tree, as there may be subglottic or
tracheal stenosis.

Subglottic Stenosis

This can occur as a primary problem, e.g. subglottic web.
However, it is more often seen in infants who have had
previous episodes of intubation. It can be life-threatening.
Treatment can include tracheal reconstruction using a
cartilage graft. Infants may initially need a tracheostomy.
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Haemangiomas of the Airways

These are rare. The abnormal blood vessels can obstruct the
larynx. They can shrink in response to steroids, which may
have been given in the mistaken thought that the infant’s stridor
is due to croup. Treatment can include surgical removal of the
lesions, laser therapy and direct injection of corticosteroids.
If these managements fail then tracheostomy may be needed.

Laryngeal Papillomatosis

This is a rare condition where infection with the human
papillomavirus, leads to papillomata in the larynx, which
causes hoarseness and stridor. The infection is usually
acquired prenatally. Treatment involves laser therapy of the
lesions. Anti-viral treatment with cidofovir can also be used.
This condition requires multiple lasering procedures over a
long period of time. If the papillomas spread to the lower
respiratory tract then the outcome is generally worse and
death can occur due to severe lung destruction.

Tracheobronchomalacia

This is a condition where the trachea, one particular bronchus
or the whole bronchial tree is floppy and fails to maintain
airway patency due to an abnormality of the cartilaginous
ring and hypotonia of the myoelastic elements. There is a
collapse of the affected area on breathing in. It can occur
in extreme prematurity or when there is an aberrant vessel,
e.g. pulmonary artery sling where the left pulmonary artery
comes off the right pulmonary artery and encircles the right
mainstem bronchus and trachea. These aberrant vessels can
also press on the oesophagus. It can present with stridor or
with apparent life-threatening event (ALTE). Investigations
to look for this condition and to assess its severity include
barium swallow, bronchoscopy, cardiac echo, and MRI of
the great vessels. The treatment is dependent on the cause.

Tracheal Stenosis

Congenital tracheal stenosis is a rare condition where there is
focal or diffuse complete tracheal cartilage rings. This results
in narrowing or stenosis of the trachea. It can occur on its
own or in association with a vascular ring, e.g. pulmonary
artery sling. Acquired tracheal stenosis can occur secondary to
prolonged intubation or infection in the trachea. It can present
with breathing difficulties and stridor on inspiration and
expiration. It has significant morbidity and can have significant
mortality, if severe. Tracheal reconstruction is often needed.

Tracheo-oesophageal Fistula with Oesophageal
Atresia

Here there is a failure of embryonic development of the trachea
and oesophagus. In oesophageal atresia the oesophagus is a
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blind ending pouch. This presents soon after birth when the
infant cannot swallow its own secretions or milk and it often
chokes. It will be difficult to pass a nasogastric tube. Any
fluid aspirated from the nasogastric tube does not contain
acid so the pH paper which is used to check the position of
the tube will not turn red.

A tracheo-oesophageal fistula (TOF) is an abnormal
connection between the trachea and oesophagus, which can
occur along with an oesophageal atresia. A TOF usually
presents early with recurrent choking with feeds and often
associated with desaturations. Treatment is surgical. The
airways of babies with TOF can be malacic and babies post-
repair can have ongoing respiratory difficulties.

In 25% of cases other gastrointestinal malformations, e.g.
imperforate anus, pyloric stenosis and duodenal atresia occur.
The “VACTERL” complex is a condition where children have
vertebral, anal, cardiovascular, tracheo-oesophageal, renal,
radial, and limb malformations.

Pulmonary Agenesis or Pulmonary Hypoplasia

In pulmonary agenesis there is a failure of development of
the bronchi and lung tissue of one or both lungs. Bilateral
agenesis is incompatible with life. Babies born with one lung
can have a normal life expectancy. These abnormalities are
rare. More common is pulmonary hypoplasia where one
or both lungs fail to develop properly—they have reduced
bronchial branches, alveoli and blood vessels. Bilateral
pulmonary hypoplasia is found in Potter syndrome where
there is renal agenesis and oligohydramnios. The severity of
the hypoplasia is dependent on what gestational age the arrest
of development occurs. The earlier this occurs the worse the
outlook. Most cases of pulmonary hypoplasia are seen as a
secondary consequence of congenital diaphragmatic hernia.

Congenital Diaphragmatic Hernia

In the first few weeks of foetal life there is a communication
between the pleural and peritoneal cavities via the pleuro-
peritoneal canal. This usually closes between 8 weeks and
10 weeks of gestation. Failure of this closure results in a
defect in the diaphragm. The abdominal contents can then
herniate through into the chest compressing the intrathoracic
structures leading to poor lung development. Eighty-five
percent of congenital diaphragmatic hernias are left sided.
They occur in 1 in every 2,500-3,000 births.

The mortality rate in this condition is high about 40%.
The mortality occurs from the pulmonary hypoplasia and
also the elevated pulmonary artery pressures (pulmonary
hypertension). Larger defects are associated with worse
herniation and more severe hypoplasia. In 10% of children
have other abnormalities. This condition can be detected
antenatally by ultrasound—if detected, the infant should be



Fig. 6.5: Left-sided congenital diaphragmatic hernia

delivered in a unit where there is a neonatal surgical team on
site.

An infant with a large diaphragmatic hernia usually presents
within the first few hours after birth with breathing difficulties
and cyanosis. If the hypoplasia is severe the baby may have
obvious difficulties and cyanosis just after birth. Treatment
involves resuscitation and stabilisation with intubation and
ventilation. Chest X-ray (CXR) confirms the diagnosis showing
herniation of the bowel into the chest and usually mediastinal
displacement (Fig. 6.5). A nasogastric tube should be passed
to decompress the stomach. Surgery is then performed to
repair the defect. Nitric oxide, extracorporeal membrane
oxygenation (ECMO) and high frequency oscillation have all
been used to try to stabilise infants prior to surgery.

OTHER CONGENITAL LUNG ABNORMALITIES

Congenital Lobar Emphysema

This is a rare condition where there is over expansion of a
pulmonary lobe with resultant compression of the remaining
ipsilateral lung (Fig. 6.6). This is caused by an abnormally
narrow bronchus where there is weakened or absent bronchial
cartilage, so that there is air entry when the baby breathes in
but the narrow bronchial lumen collapsed during expiration.
This can present with breathing or feeding difficulties, which
worsen with intercurrent respiratory infection. The treatment
is surgical excision of the affected lobe.

Congenital Cystic Adenomatoid Malformation
of the Lung

In congenital cystic adenomatoid malformation of the lung
(CCAM), there is an abnormal cystic development of lung
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Fig. 6.6: Congenital lobar emphysema of left upper lobe

tissue during weeks 7-35 of gestation. Large CCAMs may
be associated with hydrops foetalis in as many as 40 %, which
has a significant mortality. Hydrops is thought to arise from
compression of the inferior vena cava by the CCAM, which
affects venous, that returns to the heart causing low cardiac
output and effusions. The CCAM can also press on the parts
of the lung, which are growing normally and cause them to be
hypoplastic leading to respiratory difficulties. Large CCAMs
can be detected by antenatal ultrasound. Small CCAMs may
go unnoticed for years until someone has a chest radiograph
for another reason or until they become infected. Treatment
is usually surgical excision of the affected lobe(s).

Congenital Pulmonary Sequestration

In this condition there is an abnormal development of
primitive lung tissue, which does not communicate with the
bronchial tree and receives its blood supply from one or more
systemic vessels rather than the pulmonary circulation. It can
present with cough and recurrent chest infections. Treatment
is surgical excision of the affected area.

Congenital Abnormalities of the
Thoracic Skeleton

Common congenital abnormalities of the thorax include
pectus excavatum where the sternum and several ribs grow
abnormally leading to a “caved in” shape to the anterior chest
wall and pectus carinatum where the growth abnormality
leads to an anterior protrusion of the chest wall. Pectus
excavatum is by far the commonest. These often cause
concern due to the chest shape, but rarely lead to significant
clinical symptoms. Corrective thoracic surgery is available
for both these conditions, if warranted. More complex
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thoracic skeletal abnormalities include those where there is a
skeletal dysplasia. The most severe can cause affected infants
to die soon after birth, e.g. asphyxiating thoracic dystrophy.
There are a number of these rare conditions where corrective
thoracic surgery and long term ventilatory support have had
encouraging results. Thoracic scoliosis can be congenital or
acquired where it is usually seen with significant hypotonia.
Treatment of this includes thoracic brace and corrective
thoracic surgery, e.g. anterior and posterior spinal fusion

ACQUIRED ABNORMALITIES

Upper Respiratory Tract
Upper Respiratory Tract Infection

Upper respiratory tract infection is common in children and
usually viral in origin caused by rhinoviruses and adenovirus.
Bacterial pathogens include Streptococcus and Haemophilus
influenzae. The child will usually have fever, cough and nasal
discharge and may be lethargic and refuse feeds. Common
examination findings include an inflamed throat and often
inflamed tympanic membranes. Cervical lymphadenopathy
may also be present. Treatment is supportive with fluids and
antipyretics such as paracetamol.

Investigations can be done, such as throat swabs for
virology and bacterial culture. If the child is not improving
antibiotics may be needed, e.g. penicillin V. If breathing or
feeding difficulties are evident children should be referred to
hospital for further management.

Tonsillitis

This is where the tonsils are enlarged and inflamed, purulent

exudates may be evident. The child may have difficulty in

swallowing, and can be admitted for intravenous fluids.

Throat swabs can be taken if symptoms are not resolving.

Scottish intercollegiate guidelines network (SIGN) guidelines

for the management of sore throats can be found at www.

sign.ac.uk.

The indications for tonsillectomy are the following:

e Sore throats are due to acute tonsillitis

e Episodes of sore throat are disabling and prevent normal
functioning

e Seven or more well documented, clinically significant,
adequately treated sore throats in the preceding year
or five or more such episodes in each of the preceding
two years or three or more such episodes in each of the
preceding three years.

Streptococcus pyogenes is the commonest pathogen
isolated and is treated with penicillin V or erythromycin,
if penicillin allergy is present. Remember, glandular fever
caused by Epstein-Barr virus can cause significant throat
inflammation and cervical lymphadenopathy, which will not
respond to antibiotics.
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Acute Otitis Media and Otitis Media with Effusion

This is inflammation of the middle ear. It can be acute or chronic
and can also be accompanied by fluid in the middle ear which
is called otitis media with effusion (OME). Acute and chronic
otitis media are very common presentations in children. Acute
otitis media (AOM) usually presents with fever and pain in
the ears. Young children who cannot yet speak may just be
irritable and febrile and their parents may note them rubbing
their ears. If the infection in the tympanic membrane causes
to burst the parents may notice a yellow discharge and often
the pain improves as the pressure is released. Hearing loss
may also be present. There are guidelines for the management
of this available on www.sign.ac.uk. On inspection of the
tympanic membranes in AOM they may be bulging and red
with fluid evident behind the tympanic membrane. In OME,
the tympanic membrane may not be inflamed, but there is
fluid evident. The main management of AOM is supportive
with analgesia and fluids-if there is no improvement within a
few days or a child gets worse, oral antibiotics, e.g. penicillin
can be used. Children with more than four episodes of AOM
in 6 months need to refer to an ENT specialist. In OME,
the child needs its hearing assessed. If hearing loss is found
a child should be referred to ENT as persistent hearing loss
can cause speech delay. There is no place for antibiotics or
decongestants in OME.

Croup-laryngotracheobronchitis

This is viral-induced inflammation of the larynx and trachea.
Symptoms include a barking cough, inspiratory stridor and
fever with rapid onset. Children may also have difficulty in
breathing when it is severe. They may also show signs of
respiratory distress with sub-costal recession. The manage-
ment of this is high flow oxygen if needed, paracetamol
and prednisolone or dexamethasone. If there are signs of
significant distress nebulised adrenaline 5 ml of 1 in 1,000
should be given and anaesthetic help should be obtained.

Acute Epiglottitis

This is a bacterial inflammation of the epiglottis usually
caused by H. influenzae. There is significant toxicity with
high fever, drooling, stridor and difficulty in breathing. It
has become less common due to the introduction of the HIB
vaccination. Management of this should be prompt induction
of anaesthesia, intubation and intravenous antibiotics.

ACQUIRED LOWER RESPIRATORY TRACT
PROBLEMS

Community Acquired Pneumonia
Viral Pneumonias

Respiratory syncytial virus (RSV) is a negative-sense,
enveloped the single stranded RNA virus which belongs to
the Paramyxoviridae family. It is the single most important
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cause of viral infection to lower respiratory tract in infancy
and childhood worldwide. It is spread by direct contact with
infected secretions either by touching infected surfaces or
by an infected person coughing or sneezing directly at you.
Classically, it causes bronchiolitis and it is most prevalent in
the winter months. RSV causes inflammation and destruction
of the airways leading to airway obstruction and air trapping.

Common symptoms are fever, coryza, cough, wheeze
and breathing difficulty and feeding. Babies with bronchiolitis
can have signs of respiratory distress with bilateral crackles
on auscultation, low oxygen saturation levels, fever and
dehydration. Many of these babies can be managed at home
with frequent small feeds and antipyretics. The illness usually
lasts for 1-2 weeks.

Indications for admission include significant breathing
difficulties, dehydration, apnoea and those needing oxygen or
those who are severely ill. Ninety per cent of those admitted
are under 12 months of age. Chest radiographs typically
show bilateral hyperinflation with increased lung markings
bilaterally. They can show consolidation of one or more
lobes of the lung in severe disease (Fig. 6.7). Premature
infants, those with neuromuscular disease or those with
haemodynamically significant congenital heart disease are
more at risk of severe disease. (www.sign.ac.uk/pdf/sign91.
pdf)

There is a monoclonal antibody preparation called
palivizumab, which has been shown to reduce hospitalisation
in children less than 6 months of age who were born at 35
weeks of gestation or less, those who are less than 2 years with
chronic lung disease of prematurity and those with congenital
heart disease. In some centres this is given to babies in those
high-risk groups in the hope that it will prevent severe RSV
infection.

Fig. 6.7: Right upper lobe collapse or consolidation
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Bacterial Pneumonia

The mortality from bacterial pneumonia is very low in
developed countries in stark comparison to the high mortality
rates in the developing world.

The most common bacterial pathogen is Streptococcus
pneumoniae followed by Mycoplasma pneumoniae. In 20-
60% of cases, pathogen is not identified and in fact there is
often a mixture of pathogens. Evidence-based guidelines can
be found on the British Thoracic Society website, www.brit-
thoracic.org.uk.

Bacterial pneumonia usually presents with fever, cough
and fast breathing or grunting. The child can be breathless at
rest with signs of distress. On auscultation signs can include
crackles and bronchial breathing. Lower lobe pneumonia
can present with abdominal pain and fever. Much of the
bacterial pneumonias are managed in the community with
oral antibiotics, e.g. amoxicillin. Those who fail to respond to
this will need further investigation and management. This can
include chest radiography, blood cultures, full blood count and
nasopharyngeal aspirate for viral culture for those less than 2
years of age. A right middle lobe pneumonia (Fig. 6.8).

Children who have significant difficulty in breathing,
those who cannot feed, who are dehydrated, who need
supplemental oxygen or who are systemically unwell should
be admitted. They may need intravenous antibiotics, e.g.
amoxycillin and intravenous fluids. Children with community-
acquired pneumonia do not need routine follow-up chest
radiographs. However, those who have a round pneumonia
on their radiograph and those with lobar collapse should have
a follow-up appointment and consideration of a repeat CXR
at 6 weeks. Continuing symptoms despite treatment should
also have a repeat chest radiograph performed.

Fig. 6.8: Right middle lobe pneumonia
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Pleural Infection in Children

Bacterial pneumonia in children can cause fluid in the
pleural space (para-pneumonic effusions), which can become
infected causing pus in the pleural space (empyema). They
are rare, but the incidence is increasing. There are significant
causes of morbidity in children, but mortality is rare unlike
empyema in adults. Guidelines have been developed for the
management of empyema in childhood (www.brit-thoracic.
org.uk)

The most common bacterium responsible is Streptococcus
pneumoniae. Such pleural collections usually present with
persistent fever, cough and difficulty in breathing. The
children may already be on antibiotics for a chest infection.
If the collection is large they may have dullness to percussion
on the affected side with reduced air entry. A large pleural
collection shows as a complete “white out” of one lung (Fig.
6.9). An example of a smaller collection is shown in Figure
6.10. With an empyema the white cell count and the C reactive
protein (CRP) are usually significantly raised. Blood cultures
should also be taken. If the chest radiograph is suggestive of
an effusion an ultrasound of the chest should be done to assess
the amount of fluid present and look for loculation. Children
should be treated with intravenous antibiotics which cover
S. pneumoniae, e.g. amoxycillin or cefotaxime. In countries
where Staphylococcus aureus is a common causative organism
then cefuroxime can be substituted or flucloxacillin added.
Close observation is needed.

Larger collections causing difficulty in breathing, those
with persistent fever despite intravenous antibiotics and
very loculated collections will most likely need drainage.
Chest drains in children are usually inserted under general

Fig. 6.9: Large left-sided effusion

Fig. 6.10: Left-sided empyema

Fig. 6.11: Computed tomography (CT) scan showing left-sided
empyema

anaesthetic. The pleural fluid should be sent for culture.
Children need good pain relief afterwards to ensure early
mobility. The chest drain usually stays in until it has stopped
draining fluid. The majority of children with empyema
responds well to intravenous antibiotics and drainage and
makes a complete recovery. Intrapleural fibrinolytics, e.g.
urokinase and tissue plasminogen activator can be instilled
into the pleural space to try to break down the adhesions
present in the pleural fluid.

Children who fail to respond may require further
imaging, e.g. CT of the chest (Fig. 6.11) and may need more
invasive thoracic procedures, e.g. decortication. Video-
assisted thoracoscopic techniques are also being used to try
to clear the pus from the pleural cavity. Once well enough to
go home children need a follow-up CXR at approximately 6
weeks to ensure radiographic resolution.
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Children without fever who present with a pleural
effusion are of more concern as malignancies particularly
lymphoma and leukaemia may present this way. In these
children a chest CT is indicated sooner and the pleural fluid
drained should be sent for cytological examination.

Gastro-oesophageal Reflux (GOR)

Reflux of the stomach contents into the oesophagus is a
common condition and classically in infants presents as
recurrent non-bilious vomiting. Infants usually continue to
gain weight unless the reflux is severe. Infants with reflux can
also be very irritable with feeding and can refuse feeds. GOR
can also cause respiratory symptoms with chronic cough,
wheeze and aspiration. In severe reflux the infants can stop
breathing due to laryngospasm causing ALTEs. GOR is also
found in association with other respiratory conditions, such
as asthma and CF and if found, is treated, but unfortunately
does not always improve the respiratory symptoms. Children
with severe cerebral palsy can also have significant problems
with GOR and are also more prone to chest problems due to
muscle hypotonia and ineffective cough.

Diagnosis

This is based on the clinical history and examination of
findings. Oesophageal pH monitoring and a barium swallow
are also used. If there is a suggestion that a child has difficulty
in swallowing then barium swallow and/or an upper GI
endoscopy is indicated.

Treatment

Simple reflux treatment in infants includes elevating the
infants head in bed by placing a blanket or similar underneath
the mattress. Feed thickeners, such as carobel can also be
used. Infant Gaviscon sachets can also be added to feed
to reduce acidity. Hydrogen blockers, e.g. ranitidine and
proton pump inhibitors, e.g. omeprazole are also used.
Domperidone a dopamine antagonist that stimulates gastric
emptying and low dose erythromycin can also be used to
stimulate gastric motility.

Severe cases are unresponsive to medical management
may require surgical intervention using the Nissen
Fundoplication procedure where the fundus of the stomach
is wrapped around the lower oesophagus, strengthening the
lower oesophageal sphincter.

ASPIRATION PNEUMONIA

This is a condition where the contents of the pharynx or
oesophagus spillover into the larynx and bronchial tree
causing cough, fever and irritant pneumonias. This can occur
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previously in normal children who have a reduced conscious
level and can therefore not protect their own airway by
coughing and closing their larynx, e.g. those with a head
injury or coma from any cause. More often it is seen in
children with chronic neurological conditions, e.g. cerebral
palsy. GOR where the stomach contents reflux back into the
oesophagus can also predispose to aspiration, particularly in
the significantly neurologically handicapped children.

It can present in a child who coughs and chokes during
feeds, but it can also occur silently until enough aspiration has
occurred to cause symptoms of chronic cough, breathlessness
and fever. It should be suspected in neurologically handicapped
children who have reduced muscle power and developmental
delay who present with recurrent severe chest infections.
Recurrent aspiration can cause severe chronic lung disease.

Investigation of Aspiration Pneumonia

This can be difficult. A CXR can show changes of aspiration,
but these are often nonspecific. Often in aspiration the right
lung is worst affected. A barium swallow or a pH study
can be done to look for reflux. A videofluoroscopy where
screening is done when the child is eating and drinking is
very helpful and can show direct aspiration of the swallowed
foods.

Management of Aspiration Pneumonia

The acute treatment is to manage the chest infection with
antibiotics, chest physiotherapy and oxygen, if needed. GOR
should be treated. Consideration should be given to gastrostomy
tube placement in children with cerebral palsy, with feeding
difficulties, who have recurrent aspiration pneumonia.

ASTHMA

Asthma is one of the commonest chronic conditions affecting
children. In some studies nearly one in four children has had
a diagnosis of asthma. Asthma increased in prevalence in the
1980s and 1990s, but is now showing signs of decreasing in
prevalence. It causes significant morbidity. There are still
asthma deaths in childhood. Asthma is a chronic inflammatory
condition of the airways where there is mast cell activation
and infiltration of inflammatory cells, e.g. eosinophils,
airway macrophages, neutrophils, lymphocytes—usually
THp and interleukins. These cause oedema of the airways,
disruption of the epithelium and mucus hypersecretion.
There is reversible airways obstruction due to smooth muscle
constriction in response to various trigger factors. This leads
to the clinical symptoms of wheeze, nocturnal cough and
difficulty in breathing—a child sometimes will complain of
chest tightness or chest pains.
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The most common trigger in childhood is viral URTIs.
Other common precipitating factors include—exercise,
emotion, cold weather and smoking. Children with asthma
may have other atopic conditions, such as, hay fever and
eczema. Atopy involves the capacity to produce IgE in
response to common environmental proteins, such as house
dust mite, grass pollen and food allergens. There is often
a family history of atopy. There is ongoing research into
genetic causes of asthma—the most investigated location
for atopy has been the 5q 31-33 region of the chromosome,
which includes the genes for the cytokines IL-4, -5, -9 and
-13.

The diagnosis of asthma is a clinical one based on history
taking and examination. It can be difficult to diagnose in
young children. Some children can have recurrent virus
induced wheeze, but no symptoms in between. There is a
constant debate as to whether this is asthma or not or whether
they are two ends of the same spectrum of disease. It can be
difficult to separate out, and sometimes a trial of a preventer
is appropriate, if attacks are frequent. Additional tests can
help, such as, peak flow measurement (in over 5 years age
group), lung function testing with reversibility and histamine
challenge, exercise testing to see whether the bronchospasm
can be induced, and skin tests to be checked for common
allergens.

Examination Findings

During an acute asthma episode the child shows the signs of
respiratory distress depending on the severity of the attack.
These include tachypnoea, hyperinflation, and sub-costal
recession, and tracheal tug, use of accessory muscles of
respiration. If severe, the child may be hypoxic or confused.
On auscultation there is usually wheeze, which is often bilateral
and reduced air entry. Crackles can also be heard. The child
with severe acute asthma may have a silent chest. Routine
chest radiographs are usually not needed in asthma; however,
they usually show marked hyperinfiation (Fig. 6.12).

Severe chronic asthma can lead to chest deformity of
the lower part of the chest, i.e. Harrison sulci and/or a
barrel-shaped chest. Children with asthma can have normal
peak expiratory flow rates (PEFRs) and normal spirometry
when well; however, some with very severe chronic
disease can have obstructive changes on their spirometry,
i.e. significant reduction in forced expiratory volume in
one second (FEV1) with only some or no reduction in
their forced vital capacity (FVC) (see Fig. 6.2). Often
children with asthma may then demonstrate an increase in
their FEV1 when they are given a bronchodilator, such as
salbutamol. If a child with recurrent respiratory symptoms
has finger-clubbing then further investigations are needed.

Fig. 6.12: Acute severe asthma with marked hyperinflation

Finger-clubbing in children can be associated with chronic
suppurative lung conditions, such as CF and bronchiectasis.

Asthma Management

The management of acute and chronic asthma depends
on the severity of the symptoms and will be discussed
in detail later. The aim of asthma management is for the
child to have no asthma symptoms, to be able to lead a
normal life, to have normal lung function, and not to need
frequent rescue medication. It is very difficult to achieve
this concept of total control in some children and for many
parents and doctors the aim is to achieve as good asthma
control as possible while weighing up the potential side
effects of the treatment. The British Thoracic Society has
evidence-based guidelines on the management of asthma
which were updated in 2009 (www.brit-thoracic.org.uk).
There is strong support for asthmatics, their caregivers and
professionals from various lung charities, e.g. Asthma UK
(www.asthma.org.uk) and the British Lung Foundation
(www.lunguk.org).

Education and Management Plans

The key to good asthma management is education. This should
include education of the parents and of the child, if they are
old enough. Parents need to know the early warning signs,
such as runny nose, cough, dark circles under their child’s
eyes progressing to the classical symptoms of persistent
coughing, wheezing and difficult breathing. Often, if you ask
parents they will tell you exactly what they notice when their
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Fig. 6.13: Child asthma management plan for 18-month-old child
(Courtesy: The asthma management plans from the Asthma and Res-
piratory Foundation of New Zealand)

child is becoming unwell. Asthma management plans are
very useful particularly in the management of asthma attacks
(Fig. 6.13). They document a child’s individual symptoms
and signs of their asthma, what their medication is, when to
give it and when to call for help.

Parents who smoke should be given stopping smoking
advice. Asthma education should occur in general practice
and in hospital. It is important that nurses, doctors and
allied health professionals, in fact all professionals, looking
after children with asthma, have asthma education. Many
hospitals and general practices in the UK have nurses with
a special interest in paediatric asthma. Their role is very
important in helping parents and children cope with their
asthma.
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Advice is also given about minimising exposure to other
allergens for example the house dust mite. An example of
author’s asthma education leaflet is shown in the Figure 6.14.
Electronic interactive asthma education packages are available.
Drug Treatment of Asthma

Inhalers are the main form of treatment for asthma. In children
these are usually metered dose inhalers given using a spacer
device (Fig. 6.15). Dry powder devices that are activated by

NHS
N,

Greater Glasgow
and Clyde

A Guide for Parents

Fig. 6.15: Volumatic with metered dose inhaler
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sucking, such as, turbohalers and accuhalers can be useful
in children over 8 years of age. The ability of parents and
children to use their inhalers needs to be checked. Also, it is
well recognised that compliance or adherence with treatment
is a significant problem in many chronic diseases and many
people would just tend to take their asthma treatment when
they felt unwell instead of in a preventative way.

Children with mild intermittent asthma symptoms (step 1
of British Thoracic Society guidelines) require a short acting
inhaled beta agonists, e.g. Salbutamol as required. This
provides rapid relief for bronchospasm, and is used on as
needed basis.

Children with more persistent asthma symptoms (step
2) should be treated with an inhaled steroid, e.g. clenil
modulite or fluticasone diproprionate at as low a dose as
possible to maintain symptom control, e.g. 100 mcg twice
daily. Children need to wash their mouths out afterwards to
reduce further absorption of the steroid from the mouth. In
children, less than 5 years who are unable to take inhaled
steroids then a leukotriene receptor antagonist is a suitable
replacement for inhaled steroids.

.Children with moderate asthma symptoms, not
controlled on low dose inhaled steroids (step 3) can have
their dose of inhaled steroids increased to 200 mcg twice
daily of beclomethasome or equivalent. A long acting beta
2 agonist, e.g. salmeterol or formoterol or a leukotriene
receptor antagonist, e.g. montelukast can also be tried.

Step 4 of the guidelines suggests that, if asthma control
is inadequate with inhaled steroids (children: 400 mcg/day)
plus long-acting B, agonist, then consideration should be
given to increasing the inhaled steroid dose to 800 mcg/
day, adding a leukotriene receptor antagonist and oral
theophylline. If children fail to improve, then the drug
should be stopped and the child referred to a specialist care.
If increasing the dose of inhaled steroid has not helped, then
this should be put back down to its previous dose. Some
children may need high dose of inhaled steroids to keep their
asthma under control. They are at increased risk of systemic
absorption of the steroids, which can cause suppression of
the adrenal glands and adrenal insufficiency. They should
have a Synacthen test perfomed and a management plan
discussed with the parents and their own doctor as what to
do, if their child became unwell. These children would be at
risk of adrenal crises with hypoglycaemia, coma and death.

If asthma symptoms persist and children are having
frequent exacerbations, the next step is daily oral steroids.
This can have significant side effects, e.g. weight gain and
immune suppression. Prior to starting this, many children
will have further investigations to try to make sure that
this is difficult to control asthma and not another problem,
such as, CF or GOR. Other medications for difficult asthma
include subcutaneous bricanyl infusions, anti-IgE antibody
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therapy, such as omalizumab, which binds free serum IgE,
and therefore is thought to interrupt signals earlier in the
allergy pathway that leads to asthma. Immunosuppressives
such as cyclosporin or methotrexate are also occasionally
used in severe asthma.

In the children under 5 years of age the management of
asthma is somewhat different as there is more evidence for
the effectiveness of montelukast. It should be tried in addition
to low dose inhaled steroids before long acting beta agonists.
Young children with difficult asthma symptoms should be
referred for further investigation and management.

Management of Acute Asthma Attack

This very much depends on the severity of the attack. The
child needs to be assessed quickly and efficiently. There
are courses run worldwide by resuscitation organisations,
e.g. the advanced paediatric life support course run by the
Advance Life Support Group (www.alsg.org). These provide
an excellent way to learn to manage paediatric emergencies.

The approach is based on assessment of airway, breathing
and circulation. Is the child’s airway open? What is their
work of breathing? What is their circulation (normal skin
colour, capillary refill time less than 2 seconds)?

A child who is alert, talking easily with a normal
respiratory rate is less concerning than a child who is
too breathless to talk, has significantly increased work of
breathing, and who appears confused or looks exhausted and
pale.

The following should be considered in a child with acute
asthma episode:

1. Assess and manage: airway, breathing and circulation—if
unwell with respiratory distress start high flow oxygen.

2. Check oxygen saturation level, and if less than 94 % start
oxygen.

3. If over 5 years of age and if able to check peak flow—if
less than 50% this is a moderately severe attack, if less
than 33 % of normal this is a life-threatening exacerbation.

4. Give salbutamol 10 puffs via a spacer device—this is
called multidosing and this can be repeated half hourly
until benefit seen. Arterial blood gases are not routinely
performed in acute asthma—they can cause further
distress. Capillary blood gases can be done in those
causing concern, they will give a useful CO, level.

5. Children with severe distress, who cannot multidose,
should be given nebulised salbutamol (2.5 mg in those
under 5 years and 5 mg in those over 5 years). The
nebuliser can be given continuously in severe attacks.

6. Give oral prednisolone 2 mg/kg per day up to maximum
of 40 mg per day.

7. Reassess—if child is not improving or getting worse obtain
intravenous access, start IV hydrocortisone. Consider
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IV aminophylline infusion—bolus should be given, if

child not on theophylline. Intravenous salbutamol and

IV magnesium can also be added for severe attacks.

Paediatric centres vary in their first choice of IV treatment

for asthma.

Unwell children should be moved to a high dependency
area if available, for close observation and cardiac monitoring.
If children with life-threatening asthma deteriorate despite
these measures with increasing CO, levels and increasing
oxygen requirement then non-invasive ventilator support
can be given by way of a face mask and either continuous
positive airway pressure (CPAP) or bi-level positive airway
pressure (BiPAP) ventilator support where both inspiration
and expiration are supported by the ventilator. Very rarely
do children need invasively ventilated for asthma. Indications
for this would be respiratory failure not responding to all
other measures and respiratory arrest. As with many other
causes of arrest in children out of hospital arrests have a very
poor prognosis. Most children respond well to multidosing
with salbutamol, oxygen and steroids.

BRONCHIECTASIS

Bronchiectasis is a condition where the bronchi are irregularly
shaped and dilated (Fig. 6.16). Pulmonary secretions do
not drain properly and are prone to infection. This causes
further inflammation and scarring with airways obstruction.
This causes chronic cough and sputum production. Recurrent
exacerbations can occur that causing breathlessness and
significant morbidity with loss of lung function due to
obstructive lung disease.

Congenital bronchiectasis is rare. Most are acquired from
genetic conditions such as CF, primary ciliary dyskinesia
(PCD) and immunodeficiency syndromes. Post-infectious
bronchiectasis can occur following pneumonia, measles or
whooping cough. It can also occur secondary to recurrent
aspiration or to foreign body aspiration. It is important to try
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Fig. 6.16: Computed tomography scan showing severe bilateral
bronchiectasis
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to establish the underlying reason for the bronchiectasis to
prevent further damage.

The clinical features of bronchiectasis include finger-
clubbing and chest deformity. Any child with bronchiectasis
needs investigations to try to find and treat the cause. The
mainstay of treatment is chest physiotherapy and prompts
treatment of exacerbations with antibiotics. Sputum cultures
aid in choice of antibiotics. There are guidelines available for
the management of non-CF related bronchiectasis in children
and adults. (www.brit-thoracic.org.uk)

CYSTIC FIBROSIS

Cystic fibrosis (CF) a very common genetic condition in
Caucasians. In UK, the carrier rate is approximately 1 in 25.
It is rare in the African-American population, but is found
in the Asian population particularly those of Pakistani and
Indian origin. It has autosomal recessive inheritance caused
by mutations on the CF gene, which is located on the long
arm of chromosome 7. There are over 1,500 causative
mutations of CF, the most common one being Delta F508
mutation. The mutations are found in the gene which codes
for a protein—the cystic fibrosis transmembrane regulator
(CFTR) protein which is made up of 1,480 amino acids.
This protein is a chloride channel regulator, an ABC (ATP-
binding cassette) transporter or traffic ATPase. It is involved
in the transportation of molecules, such as chloride across the
membranes of cells in the lungs, liver, pancreas, digestive
tract, reproductive tract and skin. Mutations in it cause
defects in salt and water absorption across cells.

The Delta F508 mutation is a deletion of phenylalanine at
residue 508, this leads to a misfolding of the CFTR protein,
and when it reaches the endoplasmic reticulum of the cell it
is marked as faulty, and is then degraded and does not reach
the cell membrane to perform the role it needs to. There are
5 main classes of severity of CF mutations (Fig. 6.17). They
can result in different problems with CFTR function from

Class 1: G542X, W1282X, 1078 DELTAT,
621+1G-t, R553X

Class 2: DF508, S549N
Class 3: G551D, R560T
Class 4: R117H, G85E, R347P
Class 5: 3849+10kbC-T

Fig. 6.17: Different classes of cystic fibrosis mutations
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Class 1 nonsense mutations causing the CFTR protein not
to be made properly in the first instance, to the CFTR being
made properly, but not transported to the cell membrane
where it is needed. Individuals who are homozygotes with
Class 1 or Class 2 mutations are associated with more severe
disease. The Delta F508 mutation is a Class 2 mutation.

The different combinations of mutations lead to different
levels of functioning CFTR protein. Classic CF disease
with failure to thrive, severe bronchiectasis and pancreatic
insufficiency is usually only clinically apparent where the
levels of CFTR protein are extremely low. The parts of the
body, which are most reliant on the functioning of the CFTR
protein, are the vas deferens, the pancreas, lungs and bowel.
Interestingly there are other genes called “disease modifiers”,
and they are thought to explain the findings that you can have
2 children from the same family with the same CF mutations
who can have significantly different disease severity.

Presentation of Cystic Fibrosis

“Mild CF” may only present in adulthood with male
infertility and sinusitis whereas “Classic CF” presents in
childhood with recurrent chest infections, malabsorption and
failure to thrive due to pancreatic exocrine insufficiency.

CF should be suspected in children with frequent chest
infections, particularly those with diarrhoea and poor
growth. Finger-clubbing may be present as well as chest
deformity, crackles and wheeze. Abdominal distension and
malabsorptive signs should also prompt further investigation.

CF can also present as neonatal gut obstruction where
the bowel is obstructed by inspissated meconium. This
causes small bowel obstruction and can be associated with
micro colon (Fig. 6.18). The small bowel distension can

Fig. 6.18: Bowel obstruction due to meconium ileus
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be detected on antenatal ultrasound. The affected bowel
can be necrotic and frequently affected bowel is resected
and stomas created, and then reconnected when the bowel
has healed. Bowel dysfunction is common and it can take
some time for the bowel to absorb feeds normally. Specialist
input from dieticians and gastroenterology is needed as these
babies can require TPN for several months until their bowel
TECOVETS.

Screening for Cystic Fibrosis

In some countries where CF is common, such as Australia
and the UK neonatal screening has been introduced. The
process is based on measuring the immunoreactive trypsin
level (IRT) in the newborn screening blood spot which is
taken at day 5 of life. If the IRT level is significantly elevated
then the blood is sent for genetic analysis for varying numbers
of CF mutations depending on the country. If the baby is
found to have CF it has been shown that earlier diagnosis
leads to a better prognosis with respect to better weight in
the screened individuals.

Cystic Fibrosis Diagnosis

The gold standard for the diagnosis of CF is the sweat
test. This involves obtaining a sample of sweat induced
by pilocarpine iontophoresis and measuring the amount of
sodium and chloride present. In children a sweat chloride
concentration over 60 mmol/kg is diagnostic of CF.
However, false positive and false negative sweat tests do
occur and usually 2 or 3 sweat tests are done. If the sweat
test is positive then the child’s blood is sent for CF gene
mutation analysis.

Additional tests that can help include measurement of the
faecal fat, which is often increased in malabsorption, and
measuring faecal chymotrypsin levels which are low.

Disease Progression

Cystic fibrosis is a life-shortening disease with no cure. Many
treatments are available which help to improve life expectancy
and now the average life expectancy of a child born today
with CF is to the late 30s or early 40s. The morbidity and
mortality comes from the tenacious respiratory secretions,
lung infection and inflammation. These cause repeated
infections and inflammation further cause destruction of the
airways with obstruction and bronchiectasis (Fig. 6.19).
Ultimately this causes respiratory failure. Such children
should be considered for referral for double lung transplant.
However, this is not without risk and consideration needs
to be taken of what organisms the child recurrently cultures
from their sputum, whether the child is significantly
underweight and how well patients and their parents comply
with treatment. Unfortunately there is a significant shortage
of organs, particularly for children so many on the transplant



Fig. 6.19: Severe cystic fibrosis lung disease with hyperinflation,
central peribronchial thickening and bronchiectasis

list die before they can be transplanted. Transplantation itself
has a significant morbidity and mortality and transplanted
organs have a limited life span therefore the goal of CF
treatment is to maintain good nutrition and preserve lung
function. CF researchers continue to look for new therapies
and potential cures, e.g. gene therapy to try to replace the
defective gene (www.cfgenetherapy.org.uk), drugs which
target specific CF mutations, e.g. vertex 770 and drugs to
alter the osmolarity of the mucus, e.g. mannitol. There is a
detailed list of the upcoming therapies on the Cystic Fibrosis
Foundation website (www.cff.org).

There are several charitable organisations worldwide for
CF which has valuable information on their websites both for
parents and for healthcare professionals. (www.cftrust.org.
uk, www.cff.org).

Common Respiratory Pathogens in Cystic Fibrosis

The CF lung is susceptible to infection and damage
from a number of organisms. These include S. aureus,
Pseudomonas aeruginosa, H. influenzae and Burkholderia
cepacia. UK centres have most children on prophylactic anti-
staphylococcal antibiotics for at least the first 2 years of their
lives. P. aeruginosa and B. cepacia are organisms that are
ubiquitous in the environment. P. aeruginosa colonisation,
where Pseudomonas is recurrently isolated from cough swabs
or sputum has been shown to adversely affect the outcome
in CF. If Pseudomonas is isolated, even if a child is well,
eradication measures are started including oral, nebulised
and intravenous antipseudomonal antibiotics. This is an
attempt to prevent colonisation with P. aeruginosa. Epidemic
subtypes of the B.cepacia organism have caused significant
increased mortality. Many centres are now segregating both
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inpatients and outpatients with CF to try to reduce the spread
of organisms.

Management of Cystic Fibrosis

This is multidisciplinary and involves specialist physiot-
herapists, dieticians, dedicated nursing, medical and
surgical staff, social workers, psychologists, pulmonary
physiologists and geneticists. The cornerstones of therapy
are chest physiotherapy, nutritional support, and prophylactic
antibiotics and prompt antibiotic treatment of increased
respiratory symptoms.

Physiotherapy

Physiotherapy in CF has two main goals: the first being
secretion clearance and the second being improving overall
fitness. Various techniques are used, such as the use of
PEP masks; flutter devices and activated cycle of breathing
techniques. Chest percussion and drainage are still used in
some centres.

Chest physiotherapy should be performed one to three
times daily depending on the individual and their state of
health. Daily activity is encouraged in children and should be
as fun as possible, e.g. use of trampoline, and participation
in school sports and team games.

Nutrition

The aim of nutrition in CF is to achieve normal growth. This
can be difficult in CF due to the combination of pancreatic
insufficiency and the fact that recurrent infections lead to
poor appetite and increased basal metabolic rate. Normal
growth has been shown to improve lung function and survival
in CF. Usually for this to occur the child’s intake often
needs to be more than a child of their age would normally
have. This can mean larger portions and consumption of
foods higher in calories. In children who are pancreatic
insufficient, pancreatic enzymes need to be given with all
meals and most snacks to help with food digestion and
absorption. Malabsorption can still occur despite pancreatic
enzymes. Other medications, e.g. ranitidine, can be added to
their treatment to try to reduce gastric acidity and improve
the functioning of the enzymes. Children may need calorie
supplements and also occasionally gastrostomy feeding.
Children with advanced lung disease can continue to lose
weight despite all of these measures. Fat soluble vitamins—
Vitamins A, D and E are given daily usually in multivitamin
preparations.

Antibiotics

In the UK prophylactic antibiotics are given usually
against Staphylococcus aureas, e.g. flucloxacillin. Mild
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pulmonary exacerbations are treated with additional oral
antibiotics. Moderate to severe exacerbations are managed
with intravenous antibiotics usually with two drugs, e.g.
ceftazidime and tobramycin, which are active against
Pseudomonas as well as a number of other bacteria for 2
weeks. Physiotherapy is also increased in frequency. Many
parents can do some of the intravenous antibiotic therapy at
home. Some children with difficult intravenous access require
semi-permanent subcutaneous central venous access, e.g. Port-
a-cath (Fig. 6.20). This allows frequent drug administration
without repeated venepuncture. Nebulised antibiotics, e.g.
“colomycin” and “TOBI (nebuliser solution, tobramycin)”
are also used in eradication protocols for P. aeruginosa and in
the treatment of patients who are chronically colonised with
P. aeruginosa

Azithromycin is also increasingly being used in patients
with CF who recurrently grow P. aeruginosa. It has
been shown in several studies to reduce the number of
exacerbations. It is thought to have an anti-inflammatory
effect.

Other Cystic Fibrosis Therapies

Pulmozyme is a nebulised preparation that breaks down the
DNA in respiratory secretion. In some patients it has reduced
the number of CF exacerbations and has also been shown to
increase lung function. Nebulised hypertonic saline has also
been shown to help with sputum clearance and can be added
into the treatment of a CF exacerbation.

Fig. 6.20: Advanced bronchiectasis in cystic fibrosis with
a Port-a-cath

Cystic Fibrosis Complications
Cystic Fibrosis Gut Disease

Cystic fibrosis transmembrane regulator (CFTR) regulates
chloride secretion in the gut. It also regulates ENaC
(epithelia sodium channel), NHE3 (sodium hydrogen
exchanger) and anion exchange. In CF this causes reduced
and faulty intestinal secretions which leads to sticky mucus
and faecal material in the intestine. Fat malabsorption also
occurs despite appropriate enzyme dosage. There can also
be faulty uptake of bile acids from the small intestine. All of
these can cause constipation, and if the material impacts can
cause distal intestinal obstruction syndrome (DIOS). This is
a condition which presents similarly to meconium ileus in the
newborn with CF where there is gut obstruction and often
perforation due to abnormal meconium.

"The treatment of constipation includes dietary
interventions and laxatives, e.g. lactulose and movicol as
well as checking that the child is taking his or her pancreatic
enzymes the correct way. DIOS usually requires admission
to hospital and further management with gastrografin.
Occasionally surgery may be needed.

Cystic Fibrosis Liver Disease

Focal biliary cirrhosis is the commonest form of liver
disease in CF. It is often asymptomatic. Cirrhosis with portal
hypertension is only reported in 2-3% of children with CF
and 5% of adults. However, liver disease is the second most
common cause of death. There is increased incidence in those
who have had meconium ileus but otherwise it is unrelated
to genotype. Liver disease is three times more common in
boys. The pathogenesis of liver disease in CF is not entirely
understood. It is thought to be due to defects in biliary chloride
transport, leading to diminished bile salt production. The
liver often has fatty infiltrates as well. Stasis and obstruction
in the biliary tree then ensue. Also intrahepatic bile ducts
are often abnormally narrow and gallbladder abnormalities
are common. The diagnosis of liver disease is difficult as
liver enzymes may only be mildly elevated. Annual liver
ultrasounds are the best way of picking up early changes. The
treatment includes ursodeoxycholic acid, attention to nutrition
and vitamin K for those with abnormal coagulation studies.

Cystic Fibrosis Related Diabetes

Again this is a rare complication in childhood but affects up
to 30% of adults with CF. Untreated, it causes increased
morbidity and mortality. Its onset is often insidious and it
needs to be thought of in a child who is not doing well and
losing weight for no apparent reason. Its exact pathogenesis
is not understood, but there is fibrosis and fatty infiltration
of the pancreas with resulting loss of islet cells. However,
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there are people with CF who appear to have similar levels of
pancreatic damage but one is diabetic and one is not. There is,
therefore, thought to be an additional genetic predisposition.
Insulin is used in the management of cystic fibrosis related
diabetes (CFRD).

Primary Ciliary Dyskinesia

The respiratory tract is lined by ciliated mucosa. Muco-
ciliary clearance plays an important role in defending the
lungs against bacteria. PCD is a rare autosomal recessive
condition in which the cilia beat abnormally and are
structurally defective. This results in abnormal mucus
clearance that causes frequent chest infections with chronic
cough and bronchiectasis. Males are usually infertile. Ear
infections are common. Kartagener first described it in 1933
as a syndrome of bronchiectasis, situs inversus (where the
heart and abdominal organs are located on the opposite sides
of the body to normal and sinusitis. The diagnosis is made
by biopsy of the nasal mucosa and the material analysed for
ciliary movement and structure. Treatment of this condition
includes chest physiotherapy and prompt treatment of
infections with antibiotics.

PULMONARY TUBERCULOSIS

Tuberculosis (TB) is caused by infection with Mycobacterium
tuberculosis. TB is most common in the developing countries
of the world and is sustained in areas of poverty and
deprivation. TB notifications steadily decreased in the 20th
century but have not decreased in the past decade. Significant
cause of morbidity and mortality has worldwide.

In children the infection is spread from an adult
who is infected and so-called “sputum positive”, i.e.
has Mycobacterium in their sputum. Children are rarely
contagious as they rarely expectorate infected sputum. Spread
is more common with close household or school contacts.
Pulmonary TB is caught by inhaling respiratory secretions
from an infected person when they cough or sneeze. The
bacteria then grow over several weeks and stimulate the
immune system as the body tries to kill the bacteria. In about
one-fifth of infected individuals this process is not effective
and the bacteria remain in a latent form. The M. tuberculosis
can reactivate at any time leading to TB disease. Pulmonary
TB disease causes cough, night sweats and weight loss. Full
Guidelines for the management of TB can be found at www.
nice.org.uk.

All children who are known contacts of someone with
sputum positive TB should be seen and have a mantoux and
CXR performed. Blood tests for TB are based on detecting
tuberculous antigens, e.g. early secreted antigen target-6
(ESAT-6) and culture fibrate protein-10 (CFP-10).
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Children with positive mantoux test and CXR changes
are usually admitted for 3 early morning gastric washings.
This is the best way of obtaining an organism in a child.
Young children are particularly at risk of TB meningitis.
Rifampicin, isoniazid, pyrazinamide and ethambutol are
common drugs used in TB. They are used in combination
usually three drugs for 2 months and then rifampicin and
isoniazid are continued for a further 4 months. In parts of the
world where resistance to these drugs is a problem then other
agents, e.g. streptomycin is used. Close follow-up is needed
and frequently children are put on directly observed therapy
or “DOTS” where nursing staff observe the therapy being
given three times a week.

BRONCHIOLITIS OBLITERANS

Bronchiolitis obliterans is rare in children. It is a result of
an injury to the bronchioles and smaller airways. Repair of
this leads to excessive granulation tissue that block airways.
The airways then become obliterated by nodular masses of
granulation and fibrosis.

In children the majority of cases are post-infectious, e.g.
adenovirus 3, 7 and 21, measles, influenza, mycoplasma
and pertussis. It can also occur in post-lung transplant. In
many no obvious injury can be found. The symptoms of
bronchiolitis are usually persistence of cough, wheeze and
breathlessness following viral like illness. Affected children
usually have persisting wheeze and crackles on auscultation.
They can significant hypoxia with cyanosis. It can also cause
bronchiectasis and chronic respiratory failure.

The chest radiograph findings vary from normal to
areas of hyperlucency, hyperinflation, to bronchial wall
thickening consolidation and bronchiectasis. The changes
may be bilateral or unilateral. The diagnosis of bronchiolitis
obliterans relies on high-resolution chest CT scan where
areas of hyper-aeration, mosaic ground glass appearance
and bronchial wall thickening are seen. The treatment of
bronchiolitis obliterans in children is difficult. In some cases
prednisolone has been used and appears to be of benefit.
Other reports suggest spontaneous remission. Some children
still die of respiratory failure. Poor prognostic factors are
age; children who are older do worse, atopy and also those
who present in the winter. The reasons for these differences
are not known.

PNEUMOTHORAX

Air in the pleural space is called pneumothorax. A tension
pneumothorax is one where the air collection gets larger with
each breath and causes mediastinal shift to the opposite side of
the chest. The clinical signs of this are hyper-resonance and
decreased air entry on the affected side with tracheal shift to



¢ Respiratory Disorders

the opposite side. This is a life-threatening emergency, which
requires immediate resuscitation and needle decompression
by placement of an intravenous cannula in the second
intercostal space in the midclavicular line on the affected
side. A formal chest drain connected to an underwater seal
should then be inserted usually in the 5th intercostal space in
the midaxillary line on the affected side.

Rarely, spontaneous pneumothoraces do occur and
they can be associated with chest pain on the affected side
and breathlessness. Some of these may be due to rupture
of previously undiagnosed congenital lung bullae. Small
pneumothoraces do not need drained, as many will resolve
spontaneously.

Most pneumothoraces in children are secondary to other
problems. They can occur secondary to chest trauma, acute
severe pneumonia, CF, as a complication of chest drain
insertion for pleural effusion or central line insertion or to
foreign body inhalation. The CXR (Fig. 6.21) shows the
appearance of a pneumothorax with the loss of lung markings
and free air round the lung. In some severe pneumonic
processes the pleural air can actually be in pockets around
the lung and sometimes more than one chest drain is needed.

SLEEP DISORDERED BREATHING IN CHILDREN

Sleep disordered breathing is increasingly recognised
in children. When asleep the normal child’s breathing
control changes and there is reduced muscle tone in the
intercostal muscles and the pharyngeal dilator muscles. This
increases airways resistance. Children with adenotonsillar
hypertrophy who can breathe satisfactorily when awake
then develop significant obstruction to air flow when asleep.
Hypoventilation can also occur when asleep, particularly in

Fig. 6.21: Severe pneumonia with a large right-sided pneumothorax
in an intubated child
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children with neuromuscular weakness. The most serious
form of hypoventilation is congenital central hypoventilation
syndrome (CCHS) where the infant’s ventilatory drive is
impaired, and when the infant falls asleep they stop breathing.
This condition is fatal without treatment with ventilatory
support.

OBSTRUCTIVE SLEEP APNOEA

This is thought to affect 0.7-3% of children with the
majority being under 5 years of age. It is thought to
result from a combination of problems with ventilatory
drive, neuromuscular control and anatomical factors. The
classical features are loud snoring, pauses in breathing
with gasping breaths at the end of an apnoea and abnormal
chest movement. This is associated with partial awakening.
Children with obstructive sleep apnoea (OSA) are often
restless. The disturbed sleep leads to daytime sleepiness,
irritability and poor concentration. Severe OSA in a young
child can cause failure to thrive. An OSA in young children
is usually due to adenotonsillar hypertrophy. Upper airway
congenital abnormalities, e.g. craniofacial abnormalities can
also cause OSA. Older children with OSA are often morbidly
obese—either from eating too much or secondary to other
conditions which cause excess weight gain. Conditions which
cause hypotonia, e.g. cerebral palsy can also lead to airways
collapse and obstruction during sleep.

Children with suspected OSA need clinical examination
and further investigation. This can include an overnight oxygen
saturation study which will document periods of hypoxia to full
polysomnography where oxygen saturation levels, respiratory
muscle movement, eye movements, airflow, heart rate and
electroencephalography (EEG) are recorded.

Children whose OSA is due to adenotonsillar hypertrophy
usually respond well to adenotonsillectomy. They start to
sleep better and most of the behaviour and concentration
problems improve. There are some concerns; however, that
there may be lasting neurodevelopmental consequences.
Children with underlying conditions and those obese children
who fail to lose weight need further treatment. Untreated
OSA with recurrent hypoxia and hypercapnia leads to
hypertension, left ventricular hypertrophy, cor pulmonale
and death. Pulmonary hypertension can also occur.

Treatment involves ventilatory support at night with
non-invasive ventilation using either a nasal or face mask
and a ventilator providing BiPAP support. This method
gives additional pressure support to aid breathing in both
inspiration and expiration. This is usually well tolerated
in children and significantly improves sleep quality by
correcting the hypoxia and hypercapnia. It can be difficult to
institute in children with significant neurological handicap,
particularly those with behaviour problems.
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NEUROMUSCULAR CAUSES OF SLEEP
DISORDERED BREATHING

There are many neuromuscular disorders which cause
sleep disordered breathing from a combination of either
neurological insult, and severe muscle weakness or hypotonia,
e.g. Down’s syndrome, Duchenne’s muscular dystrophy
(DMD), spinal muscular atrophy, cerebral palsy, CCHS
and children with impaired breathing following spinal cord
damage. The treatment of these children is based on their
individual needs and their prognosis from their underlying
condition. In some of these conditions invasive ventilation
via a tracheostomy tube is used. Young people with DMD
will usually ultimately die from respiratory failure; however,
non-invasive ventilation using BiPAP at night has been shown
to improve life expectancy into the late teens and above in
some of those affected.

SUDDEN INFANT DEATH SYNDROME

This can be defined as the sudden unexpected death of an
infant for which no apparent cause can be found despite
careful investigation and post-mortem. It is the most common
cause of post-neonatal infant death in the United States and
Canada. The cause of sudden infant death syndrome (SIDS)
is not understood; however, there are documented post-
mortem findings, such as, evidence of low-grade asphyxia in
the lungs and structural and neurotransmitter abnormalities in
the brainstem. Recently there has been significant interest in
serotonin which is abnormal in infants with SIDS. Serotonin
is involved in the control of cardiac autonomic and respiratory
function, as well as now being identified as abnormal in infants
with SIDS. The incidence of cot death fell dramatically with
the “back to sleep” campaign where evidence had shown that
infants who were laid prone to sleep had an increased chance
of SIDS so advice was given to lay all infants on their back.
Maternal and antenatal risk factors include maternal smoking,
alcohol use during pregnancy, illegal drug use and poverty.
Infant risk factors include age—SIDS peaks at 2-4 months,
male sex, prematurity and exposure to tobacco smoke. Losing
an infant to SIDS can have devastating effects on families and
there are several charities offering support and funding on
ongoing research into SIDS, such as, the Foundation for the
Study of Infant Deaths (www.sids.org.uk).

CHEST INJURY

Chest trauma in children is rare and in younger children
it is usually accidental, e.g. road traffic accident. In older
children and teenagers deliberate violence, such as, stabbings
and gunshot wounds, can cause significant injury. Children’s
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chest walls have increased elasticity in comparison to the
adult bony thorax. They can sustain chest trauma with damage
to internal thoracic organs without rib fractures. Therefore,
if the history of the accident is such that significant force
has been involved, then it should be assumed that there is
underlying internal organ damage until proven otherwise. If
the chest wall is significantly damaged, e.g. flail chest then
this is tolerated less well in children in comparison to adults.
Chest injuries seen in children include tension pneumothorax,
open pneumothorax, haemothorax, pulmonary contusions
and cardiac tamponade; flail chest and disruption of the
great vessels. The priority in managing a child with trauma
is establishment and protection of the airway; assessing
breathing and dealing with life-threatening problems, e.g.
needle decompression of tension pneumothorax and then
assessing the circulation and giving fluid resuscitation.
Children with significant trauma should have two large bore
cannula inserted and blood should be taken for immediate
cross-matching, so it is available when needed.

FOREIGN BODY INHALATION

This is a fairly common problem in paediatrics, particularly
in the preschool child. It occurs when a child accidentally
inhales a foreign object, which is often food. Usually this
leads to choking and coughing, which nearly always dislodges
the object from the larynx and expels it. Children who fail
to clear the object and who are choking and having difficulty
breathing need urgent measures to clear the blockage—if
the object is visible in the mouth it should be removed. If
the child can cough they should be encouraged to cough.
If the cough is ineffective and a child is conscious then a
combination of back blows and abdominal thrusts and the
Heimlich manoeuver can be used in the older child. In young
infants abdominal thrusts should not be used because of the
possible damage to internal organs. Emergency help should
be sought. In the unconscious child who has choked, airway
opening manoeuvres should be performed, rescue breaths
given and cardio-pulmonary resuscitation started, if there are
no signs of improvement.

Smaller inhaled objects, e.g. peanuts can pass through the
larynx and lodge in the trachea or one of the bronchi. This
can lead to persistent coughing and on auscultation doctor
may hear unilateral wheeze. A chest radiograph could show
hyperinflation of one lung, caused by partial obstruction to
the flow of air on that side, i.e. air can get into that lung,
but not get out. However, the CXR can be normal. Peanuts
are very irritating and can lead to a secondary pneumonia.
If a child is suspected of foreign body inhalation then they
require a rigid bronchoscopy to remove the offending object.



Respiratory Disorders

QUESTIONS AND ANSWERS

Questions

1.

A 14-week-old baby presents with a one week history
of intermittent stridor. She had been admitted twice
previously and had been diagnosed as having croup and
had been given oral steroids, which did appear to help.
On examination she was alert and had marked inspiratory
stridor with mildly increased work of breathing,
her oxygen saturation was 98% in air. What further
investigations does she need?

What pattern of lung disease do the following lung
function results suggest? What two diseases could result
in this picture?

FEV1 1.35 predicted 1.80
FvC 1.90 predicted 1.86
TLC 3.0 predicted 2.76

RV/TLC 40% predicted 24 %

A 2-year-old boy is admitted to the surgical wards with
his fourth rectal prolapse.

He is thriving with weight on the 50th centile and height
on the 50th centile.

He has a very good appetite and eats as much as his
5-year-old brother. He passes 2-3 pale loose stools per
day. He has an occasional cough.

His full blood count and urea and electrolytes are normal.
What investigations are needed?

A 5-year-old boy is admitted with a severe choking
episode requiring resuscitation. He recovers well.
However, he had a history of recurrently choking with
feeds from early infancy. At 6 months of age, he had a
CXR and barium swallow which were normal. He was
allowed home and apart from one admission with croup
was not unwell enough to require admission. His parents
reported that the choking with fluids had been an ongoing
problem. He is thriving and had no problems swallowing.
What other investigations does he need?

What is the management of this condition?

A 2-month-old baby girl is admitted with 2 days of nasal
discharge, cough and difficulty feeding. On examination
her temperature is 37.9°C, her respiratory rate is 60, she
has moderate sub-costal recession and crackles evident
bilaterally. Her oxygen saturation is 89 %,

What is the most likely diagnosis?

What would your management be?

What investigations are needed?

A 12-year-old girl is admitted with several days of
cough and fever. An X-ray shows partial left lower lobe
pneumonia.

As she is systemically well she is commenced on oral
antibiotics and is allowed for home. Four days later she
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is readmitted with recurrence of fever and difficulty in
breathing. There is decreased air entry at the left base.
What further investigations would you do?

Her white cell count is 25; her urea and electrolytes are
normal. Her CXR shows a large left-sided effusion.
What investigation would you do next?

What is the management now?

A 12-year-old boy is referred with chest tightness on
exercise and breathlessness. His asthma control had
previously been well controlled on flixotide 250 mcg
twice daily via spacer and ventolin as needed. His inhaler
technique is good and you are fairly certain he takes his
inhalers! What treatment would you add?

. A 5-year-old girl is reviewed as an emergency with an

exacerbation of asthma.

She is breathless, wheezy and pale.

What treatment is required?

A 2-year-old girl presents with significant difficulty in
breathing during sleep. On examination she has noisy
nasal breathing when awake with increased respiratory
effort and pectus excavatum. Apart from transmitted
upper airways noise her chest is clear.

What further clinical sign should be looked for?

What investigations are needed?

What treatment may be required?

Answers

1.

. The most

This baby should have barium swallow performed to look
for a vascular ring. If this is negative then she should
have a bronchoscopy performed to rule out the presence
of an anatomical abnormality of her airway or laryngeal
haemangiomas.

The results suggest an obstructive lung disease pattern,
such as, that caused by severe asthma or CF.

With the history given the possibility of CF needs to
be investigated, e.g. child needs a sweat test in the first
instance.

He requires a bronchoscopy to look for a TOF. The
management of this is surgical repair of the fistula. This
is a real case and postoperatively the child remained well
with no cough.

likely diagnosis is bronchiolitis. The
management is to give oxygen, start NG feeds or IV
fluids and obtain an NPA for virology. This baby requires
close observation of temperature, pulse and respiratory
rate and oxygen saturation

Initial investigations would be FBC, blood cultures,
electrolytes and CXR. The abnormal CXR should be
followed by chest ultrasound to assess the amount of
effusion present. The management would be insertion of



120

a chest drain under general anaesthetic and consideration
of instillation of a fibrinolytic agent, e.g. Urokinase.

. There are several options here—you could add in an
inhaled long acting beta agonist, start a combination
preparation of an inhaled steroid and a long acting beta
agonist or add a leukotriene receptor antagonist.

. Give oxygen, multi-dose with ventolin 10 puffs via spacer
and repeat as needed depending on patient response. Give
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This child needs baseline oxygen saturation studies
done and an overnight saturation study. If this confirms
OSA then she requires adenotonsillectomy. If the sleep
apnoea is severe then she will need a bed in the paediatric
intensive care unit postoperatively. If the overnight
saturation study is not diagnostic then polysomnography
is indicated.

oral prednisolone 2 mg/kg up to max of 40 mg per day. ACKNOWLEDGEMENTS

9. Doctor should examine for adenotonisillar hypertrophy ~Many thanks to the radiology staff at Yorkhill hospital for
which is likely the commonest cause of her symptoms. the images provided.
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Gastroenterology and

Hepatology

GASTROINTESTINAL AND LIVER DISEASE

INTRODUCTION

The alimentary tract is a complicated viscous extending
from the mouth to the anus with structural differentiation
and adaptation according to the specific function needed. The
oesophagus is a passage from the pharynx to the stomach,
where digestion begins. Food then moves into the small
intestine, where further digestion and absorption occurs.
The large intestine reabsorbs 95% of water and completes
absorption of digested products leaving the residue to be
expelled intermittently from the rectum.

The most common signs of alimentary tract disorders are
vomiting, abdominal distension and disorders of defaecation.
In the older infant and child, abdominal pain becomes the
most common symptom indicating dysfunction of the gut
and requires investigation of its cause. An adequate history
from the parents and child is most helpful in arriving at the
correct diagnosis, and this may be followed by examination
and investigations. Many of the causes of abdominal pain
are discussed later in the differential diagnosis of acute
appendicitis. Most newborn babies vomit a few times
in the first week of life. A small quantity of milk is often
regurgitated when wind is “broken” during or after feeding.
Persistent vomiting and vomiting in the older child is usually
a significant sign and may be associated with a wide variety
of pathological conditions. Infections of the alimentary tract
such as gastroenteritis result in the infant or child presenting
with vomiting, which is also a common non-specific sign in
other infections, e.g. meningitis, urinary tract infection or
septicaemia. Vomiting is the most consistent sign of intestinal
obstruction in the newborn. It usually starts in the first day
of life and becomes progressively more frequent. The vomit
usually contains bile, as it is rare for the obstruction to be
above the ampulla of Vater. Bile-stained vomiting in the
absence of an organic cause is rare, and infants and children
with bile-stained vomit should be investigated in hospital.

Normal infants should pass meconium within 24 hours
of birth. Delay to do so or failure to pass meconium is an
important sign, which should not be overlooked. Failure
to pass meconium may be due to an organic obstruction
but subsequent passage may be a sign of disease such as
hypothyroidism or Hirschsprung’s disease.

The infant normally settles into a pattern of having one,
two or more bowel actions daily but in diarrhoea, increased
frequency of passage of stools which become more liquid or
constipation are presenting signs of a variety of disorders. In
the early stages of intestinal obstruction, there may be little
abdominal distension, and any such distension may be difficult
to distinguish from the naturally protuberant abdomen of the
newborn. Visible loops of bowel and peristalsis are abnormal
in the term or older infant, but in the thin-walled premature
infant may not be indicative of obstruction. For surgical
paediatric problems, discussed in Chapters 10 (Neonatal
Surgery) and 11 (General Paediatric Surgery).

m  Bile-stained vomiting in the absence of an organic cause is
a rare symptom, and infants and children with bile-stained
vomit should be investigated in hospital.

GASTRO-OESOPHAGEAL REFLUX DISEASE
(GORD)

Reflux of gastric contents is a physiologic occurrence that
takes place more often during infancy and decreases with
advancing age. The vast majority of infants with gastro-
oesophageal reflux (GOR) who are symptomatic of vomiting
during the first year of life resolve their overt symptoms
between the ages of 12 months and 18 months. Because most
infants with symptoms of GOR are thriving and healthy, they
require no diagnostic or therapeutic measures other than a
careful history and physical examination, with appropriate
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reassurance to the parents if they are worried. An increase
in the frequency and a decrease in the volume of feeds may
reduce symptoms. Also a feed thickener or prethickened
formula feed can be used. If necessary, a suitable alginate-
containing preparation can be used instead of thickened
feeds. However, infants and older children who have
significant neurological deficits or psychomotor retardation
often have significant GOR and may suffer from serious
sequelae secondary to GOR. Oesophageal inflammation
(oesophagitis), ulceration or stricture formation may develop
in early childhood; GORD may also be associated with
chronic respiratory disorders including asthma. Abnormal
posturing with the tilting of the head to one side and bizarre
contortions of the trunk has been noted in some children
with GOR. These symptoms are often referred to as Sandifer
syndrome.

The barium swallow is a sensitive way of detecting reflux
but has a very low specificity rate because many infants who
have little or no clinical symptoms of GOR experience reflux
of some barium into their oesophagus. However, a 24-hour
pH probe study can give fairly reproducible information
on the amount of reflux that is occurring in an infant. Now
pH monitor can be done on children as outpatients with the
ambulatory device being read by an automatic system at a
later date.

Older children with significant GORD should be advised
about changing their lifestyle such as weight reduction (if
overweight) and avoidance of alcohol and smoking. Also an
alginate-containing antacid can be used to relieve symptoms.
Children who do not respond to these measures may need
histamine H,-receptor antagonist to relieve symptoms of
GORD, promote mucosal healing and allow reduction in
antacid consumption. A proton pump inhibitor can be used
for the treatment of moderate, non-erosive oesophagitis that
is unresponsive to an H,-receptor antagonist. Endoscopically
confirmed erosive, ulcerative or stricturing disease in
children is usually treated with a proton pump inhibitor and
maintained at the minimum effective dose. Furthermore,
evidence for the long-term efficacy of motility stimulants
such as domperidone or erythromycin in the management of
GOR in children is unconvincing.

m  Parents of neonates and infants should be reassured that
most symptoms of uncomplicated GOR resolve without
treatment. Y.

GASTROINTESTINAL HAEMORRHAGE

The paediatrician who is confronted with a child with
gastrointestinal (GI) haemorrhage faces one of the most
difficult diagnostic and management problems in clinical
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practice of paediatrics. In spite of the availability of
sophisticated diagnostic tools, many paediatric patients
with GI haemorrhage remain undiagnosed. However,
differentiating upper GI from lower GI bleeding will guide
the sequence of diagnostic tests.

Haematemesis is obviously a marker of upper GI
haemorrhage and melaena a marker of lower GI bleeding.
The term melaena signifies the passage of dark stools stained
with blood pigments or with altered blood. It is vital that only
after exclusion of upper GI bleeding one should consider a
colonic lesion in the case of melaena. On the other hand,
the passage of bloody stools (not dark or maroon) points
to a colonic source of blood. Small intestinal bleeding may
manifest as either melaena or fresh blood. The causes of GI
haemorrhage are shown in Table 7.1.

Diagnosis

A history of haematemesis is suggestive of an upper GI
bleeding lesion. Therefore upper GI endoscopy should be
carried out and it may lead to the diagnosis. Massive lower
GI bleeding in children is uncommon. The presence of
leukocytes in the stool suggests an infectious or inflammatory
diagnosis. Thus a stool specimen should be sent for culture
and identification of parasites. After anal inspection (digital
rectal examination), a flexible sigmoidoscopy is indicated. If
this is negative, a colonoscopy should be done to visualise
the entire colon and the terminal ileum. If melaena (dark
stool) is the presenting feature and upper GI endoscopy is
negative, colonoscopy should be the next step. However, if

Table 7.1: Causes of gastrointestinal bleeding in children

» Haemorrhagic disease of the newborn
» Swallowed maternal blood (neonate)
* Infectious diarrhoea
» Oesophageal varices
» Mallory-Weiss tear
* Gastric and duodenal ulcers
* Meckel's diverticulum
* Intussusception
» Duplication cysts
Ulcerative colitis
Crohn disease
» Non-steroidal anti-inflammatory drugs (NSAIDs)
* Vascular malformations
* Anal fissure
* Haemorrhoids
Henoch-Schonlein purpura

“Unexplained”
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the diagnosis remains unclear, a Meckel’s scan may suggest
a bleeding site.

Treatment

Treatment of a massive GI haemorrhage is aimed at
resuscitating the patient, localising the site of bleeding,
and deciding on a treatment plan to stop the haemorrhage.
Treatment for mild bleeding depends on the lesions found.

OESOPHAGEAL VARICES

Bleeding from oesophageal varices (Fig. 7.1) may be
sudden and profuse and cause exsanguination of the patient.
Rapid and adequate transfusion is necessary. Emergency
endoscopy should be undertaken in an attempt to establish
this diagnosis and injection of varices with sclerosant agents
may be commenced. If this is impossible, then control of the
bleeding may be achieved by giving intravenous infusions of
vasopressin or somatostatin. Tamponading of the oesophageal
and gastric varices may be possible with the Sengstaken tube.
Someone experienced in proper positioning of the balloons
should do insertion of this tube, and it should be done under
imaging control. The oesophageal balloon is blown up to a
pressure of 40 mmHg. This pressure will have to be released
intermittently to prevent pressure necrosis. This measure
should only be undertaken in an attempt to resuscitate the
patient prior to more definitive treatment, which may include
surgical transection of the oesophagus or hemitransection of
the stomach (Tanner’s operation). Emergency portocaval or
splenorenal shunting is rarely necessary in children. Most
patients with portal hypertension and variceal bleeding can

Fig. 7.1: Barium swallow demonstrating oesophageal and
gastric varices
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be managed by repeated injections of sclerosants into the
varices, thus allowing collaterals to develop and improve the
drainage from the portal venous system.

PEPTIC ULCER

Although rare in infancy and childhood, gastric and duodenal
ulcers may occur. Secondary ulcers (Curling’s ulcers)
associated with severe infections or extensive burns have
become rare.

Clinical Features

Some of the vague abdominal pains, which are so common
in childhood, may be due to undiagnosed peptic ulcer.
Indeed, many of these patients may have paid several visits
to the hospital and seen several consultants, and eventually
referred to the psychiatric department before an underlying
peptic ulcer may be diagnosed. While the disease may run
a silent course in infancy, in the older child, the clinical
picture is similar to that in adult life. There is epigastric pain
or discomfort relieved by eating; pain at night is common.
Vomiting an hour or two after food may follow pylorospasm
or actual scarring of the pylorus. There may be evidence
of malnutrition. The disease may present with recurrent or
severe haemorrhage or with perforation into the peritoneal
cavity, which is very rare. Endoscopy is usually diagnostic
although barium meal is less invasive and if indicated may
not always reveal a peptic ulcer. During endoscopy, biopsies
of the pyloric antrum and the duodenal mucosa are examined
to establish the presence of Helicobacter pylori. The typical
appearance of nodular gastritis is highly suggestive of H.
pylori infection, especially in the paediatric population.
The urea breath test is the most reliable of the non-invasive
tests for H. pylori infection. If H. pylori are present, then
the association between them and peptic ulceration is quite
high and treatment should be given. Eradication of H. pylori
infection reduces the recurrence of primary duodenal ulcers
in children.

Treatment to eradicate H. pylori infection in children
consists of: one-week triple therapy regimen that comprises
omeprazole, amoxicillin and either clarithromycin or
metronidazole. There is normally no need to continue
antisecretory treatment (with a proton pump inhibitor or
H,-receptor antagonist) unless the ulcer is complicated by
haemorrhage or perforation. Resistance to clarithromycin or
to metronidazole is much more common than to amoxicillin
and can develop during treatment. A regimen containing
amoxicillin and clarithromycin is, therefore, recommended
for initial therapy and one containing amoxicillin and
metronidazole for eradication failure. Lansoprazole may be
considered if omeprazole is unsuitable. Treatment failure
usually indicates antibacterial resistance or poor compliance.
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Two-weeks triple therapy regimens offer the possibility of
higher eradication rates compared to one-week regimens, but
adverse effects are common and poor compliance is likely to
offset any possible gain.

m | ong-term healing of gastric and duodenal ulcers can be
achieved rapidly by eradicating H. pylori.

m  Antacids have been used for many years in the treatment of
ulcer disease in infants and children. H,-receptor antagonists
have made substantial impact on the clinical practice of
treating peptic ulcer disease. J

BLOOD PER RECTUM

Passage of blood from the rectum is common in paediatric
practice. The diagnosis may be straightforward and the cause
obvious, but in many the cause of bleeding is never found
even after a full investigation. Serious underlying causes
have to be excluded as outlined in Table 7.1.

Most children seen in the outpatient department with
rectal bleeding, pass only small quantities of blood after
defaecation. Anal fissure is the most common cause, but
it may be due to rectal prolapse and proctitis. Acute anal
fissure is the most common cause of rectal bleeding. There
is usually a history of constipation and generally pain on
defaecation. The bleeding is usually small in amount, bright
red, streaked on the outside of the stool and occurs during
or just after defaecation. The fissure is usually in the midline
posteriorly. Perianal redness and shallow fissures may be the
first sign of a granulomatous proctitis sometimes associated
with Crohn disease. Most fissures are easily seen and
digital rectal examination without anaesthesia, which may
be very painful, is unnecessary and should be avoided. The
management of anal fissures includes stool softening and the
short-term use of a topical preparation containing a local
anaesthetic. Children with chronic anal fissures should be
referred to a hospital specialist for assessment and treatment
with a topical nitrate, or for surgery.

Moderate or extensive bleeding is infrequent, but the
common lesions are rectal polyps, enteritis or enterocolitis,
intussusception, Meckel’s diverticulum, volvulus, duplication
of the alimentary tract, haemangiomas in the bowel, systemic
haemorrhagic disease and in the neonate, necrotising
enterocolitis (NEC) and haemorrhagic disease of the
newborn.

Digital rectal examination, proctoscopy, sigmoidoscopy,
colonoscopy and barium enema may show up the lesion
which can then be treated appropriately. A Technetium scan
may be necessary to demonstrate a Meckel’s diverticulum
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or a duplication of the bowel but a negative scan does not
exclude either, as it is dependent on the presence of ectopic
gastric mucosa.

m  Acute anal fissure is the most common cause of rectal
bleeding.

RECTAL PROLAPSE

Rectal prolapse may be partial when the mucous membrane
only is prolapsed or complete when there is protrusion of the
entire rectal wall (Fig. 7.2). The 1-3 years age group is the
usual age. Mucosal prolapse is more common and occurs
in children with chronic constipation and is usually initiated
by prolonged straining. Prolapse is sometimes the presenting
sign of cystic fibrosis. Complete prolapse occurs in debilitated
or malnourished children. It is also seen in children with
paralysed pelvic floor muscles as in myelomeningocoele.

Parents usually notice the red mucosa coming out of the
anus after defaecation. The prolapse has usually reduced
before the doctor sees the patient. On rectal examination the
anal sphincter is found to be very lax and redundant folds of
rectal mucosa often follow the withdrawn finger. The child
presenting for the first time with a rectal prolapse should
have a sweat test performed to exclude cystic fibrosis.

To the parent, a prolapse may be a terrifying event and it is
important that the anxious parents are reassured. The prolapse
may be reduced by simple pressure or by elevating the foot
of the cot, or raising the buttocks on a pillow. Reversion to
nappies instead of squatting on the pot should be advised for 3
months from the last prolapse but reassurance that this will not

Fig. 7.2: Rectal prolapse in a child subsequently confirmed as having
cystic fibrosis
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interfere with long-term defaecation control is necessary. For
persistent or frequently recurring prolapse the buttocks may
be strapped together and the child given a laxative. In most
instances, once the stool is softened, the prolapse becomes
less of a problem and rectal prolapse in children is usually a
self-curing condition. Only very rarely is it necessary to treat
this surgically with injection of phenol in olive oil into the
submucosa of the rectum or by a perianal stitch.

m A child presenting for the first time with a rectal prolapse
should have a sweat test to exclude cystic fibrosis.

INTESTINAL POLYPS

A solitary rectal polyp is a common cause of bleeding from
the rectum. This low polyp is easily felt on digital rectal
examination. The polyp is a granulomatous hamartoma of
the mucous membrane, which becomes pedunculated and
may protrude at the anus like rectal mucosa prolapse. Polyps
high in the rectum and lower colon require sigmoidoscopy
under general anaesthesia and may be removed by snaring.
Occasionally, juvenile polyps are multiple and may be
demonstrated by double contrast studies. True familial
polyposis is very rare under the age of 12 years, but the rectum
and colon can be carpeted with polyps, which histologically
are papillomas or adenomas of the adult type. This disease
is usually carried as a Mendelian dominant and cancer of the
colon develops in young adult life. Peutz-Jeghers syndrome is
a familial condition in which polyps of the small intestine are
accompanied by brown pigmentation of the lips and buccal
mucosa. Symptoms and signs include repeated episodes of
abdominal pain due to transient intussusceptions, blood loss
from the intestinal tract and anaemia.

INFANTILE COLIC

Infantile colic is defined as excessive crying in an otherwise
healthy infant. The crying usually starts in the first few weeks
of life and ends by 4-5 months. The cause is unclear. It may
represent part of the normal pattern of infantile crying. Other
possible explanations are painful intestinal contractions,
lactose intolerance, gas or parental misinterpretation of
normal crying. Infantile colic improves with time.

RECURRENT ABDOMINAL PAIN IN CHILDREN

Recurring and unexplained abdominal pain often presents a
difficult problem to the family doctor and to both the paediatric
physician and surgeon. Most of these patients do not have
underlying disease; however, they often require evaluation
and treatment to allay fears and improve their quality of
life. The pain may amount to little more than discomfort.
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It may be accompanied by nausea and vomiting. Physical

examination should be complete and not only directed

towards the abdomen. It is unusual to find any definite signs

on abdominal examination and it may be difficult to assess

the severity of the pain. Questions, which should be asked,

of the pain are:

1. What is the duration of each attack?

2. Is the child ever sent home from school due to the pain?

3. Does it interfere with games or does it become worse
when there are household chores to be done or errands
collected?

4. Does the pain ever wake up the child from sleep?

Constipation should always be eliminated in these
cases and the presence of dysuria, increased frequency
of micturition, pyuria or haematuria call for urological
investigation. Plain X-rays of abdomen may be useful to
reveal a faecalith in an appendix, calcification in mesenteric
glands, or calculus formation in the renal tract. Barium meal
or barium enema examination may reveal such lesions such
as polyps, peptic ulceration or malrotation, which can be a
cause of chronic abdominal pain. In the female, recurrent
abdominal pain may precede by many months the onset of
the first menstrual period (menarche). When organic disease
has been reasonably excluded, the proportion of patients who
are found to be suffering from emotional disorders is related
to the degree of skill and experience in the diagnosis. The
term abdominal migraine covers a group of patients who
suffer from recurrent attacks of acute, midline abdominal
pain, vomiting and headache, photophobia during episodes,
family history of migraine with intervening symptom-free
intervals lasting weeks to months.

Management of the child with recurrent abdominal pain
after treatable causes have been excluded is by reassurance
to the patient and parents that there is no serious underlying
disease and that symptomatic treatment until the child
outgrows the problem is indicated.

APPENDICITIS

Acute appendicitis is the most common lesion requiring
intra-abdominal surgery in childhood. The disease runs a
more rapid course in children and the criteria for establishing
a diagnosis and for treatment are different. Under the age of
four, the diagnosis is difficult and in 90% the infection has
spread transmurally to the peritoneal cavity or the appendix
has ruptured.

Pathology

There is marked variation in the anatomy of the appendix.
The appendix is attached to the posterior medial quadrant of
the caecum. In childhood, the appendix lies in a retrocaecal
position in 70% of patients. Obstructive appendicitis is
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common in childhood, the obstruction being caused by a kink,
a faecalith or the scar of a previous attack of inflammation.
When inflammation occurs, there is an accumulation of
purulent exudate within the lumen and a closed loop obstruction
is established. Blood supply to the organ is diminished by
distension or by thrombosis of the vessels and gangrene occurs
early in children. Fluid is poured into the peritoneal cavity as a
result of irritation, and within a few hours this fluid is invaded
by bacteria from the perforated appendix or from organisms
translocating the inflamed but still intact appendix. Peritoneal
infection may remain localised by adhesions between loops of
intestine, caecal wall and parietal peritoneum. There is danger
in administering a purgative in these children because it
increases intestinal and appendicular peristalsis and perforation
and dissemination of infection are more likely to occur.

Appendicitis may present as:

e Uncomplicated acute appendicitis

® Appendicitis with local peritonitis

® An appendix abscess or diffuse peritonitis.

The onset of symptoms is vague and initially may be of a
general nature. Only a third of younger patients are seen in
hospital within 24 hours of onset of abdominal symptoms, and
the appendix has ruptured in a high percentage of these young
patients before admission. The diagnosis is made late in many
cases. One reason for delay in diagnosis is failure to suspect
appendicitis in a child less than 4 years of age and the other is
the poor localisation of pain by the younger child. Although
often not severe, the pain appears to come intermittently and
irritability, vomiting and diarrhoea may result in the mistaken
diagnosis of gastroenteritis. Psoas spasm from irritation of
the muscle by the inflamed appendix may cause flexion of
the hip resulting in a limp, thus distracting attention from
the abdomen and directing it to the hip joint. Vomiting
occurs in most patients. The child is usually pyrexial, but the
temperature is only moderately elevated to between 37°C and
38.5°C. Temperatures higher than this usually suggest upper
respiratory tract infections or occasionally diffuse peritonitis
from appendicitis. A history of constipation is uncommon and
in many patients there is a history of diarrhoea.

The clinical features in the older child are similar to those
in the adult. Abdominal pain is usually followed by nausea and
vomiting. The pain begins centrally and later shifts to the right
iliac fossa. If the appendix is retrocaecal, abdominal pain and
tenderness may be slight. If the child has a pelvic appendix then
tenderness may again be slight or absent, or elicited only on
rectal examination. Anorexia is a common accompanying sign.

Clinical Examination

The child with acute appendicitis is usually anorexic,
listless and does not wish to be disturbed. There is often a
characteristic fetid odour from the tongue, which is furred.
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Fig. 7.3: X-ray of abdomen showing faecalith, scoliosis with psoas
spasm, dilated loops of bowel with fluid level and loss of fat line cell

The child is usually irritable, crying and uncooperative.
Low-grade pyrexia is usual but the temperature seldom
exceeds 38.5°C. Inspection alone may be very informative
while attempting to gain the child’s confidence. The most
important physical sign on abdominal examination is the area
of maximum tenderness located in the right iliac fossa and
the presence of rebound tenderness. If this is not defined,
then a gentle digital rectal examination should be made and
tenderness may be elicited or a mass felt in the pelvis in
patients with a pelvic appendix.

Urine should be checked for presence of bacteria or
white cells and also to exclude glycosuria or significant
proteinuria. Leucocytosis is usually present in children with
acute appendicitis but a normal white cell count does not
exclude the diagnosis. The child with diffuse peritonitis may
have a low white cell count. Plain X-ray of the abdomen
often gives useful signs of acute appendicitis (Fig. 7.3).

The sensitivity and specificity of ultrasound examination
for appendicitis can be quite variable. The examination
must be the part of the whole clinical picture in deciding
upon operative intervention. Also a negative ultrasound
examination does not exclude appendicitis. Use of CT scan
of abdomen in the evaluation of difficult cases of abdominal
pain has been reported. The CT findings suggestive of
appendicitis include appendiceal wall thickening, presence
of inflammatory changes in the periappendiceal fat or the
presence of an abscess.

Differential Diagnosis

Differential diagnosis includes numerous other disorders
the commonest of which is upper respiratory tract infection.



¢ Gastroenterology and Hepatology

Presence of a common cold, sinusitis, acute tonsillitis,
pharyngitis may all be associated with acute non-specific
mesenteric lymphadenitis. This is the most common condition
to be differentiated from acute appendicitis. The presence
of enlarged glands elsewhere in the body accompanied
with an upper respiratory tract infection may suggest this
condition. Fever may be absent but temperature can be very
high. The presence of abdominal tenderness is not as acute
as that in appendicitis. It is usually more generalised and
not localised to the right iliac fossa and there is no rebound
tenderness. The presence of a cough increased respiratory
rate and runny nose may suggest a respiratory infection.
Examination of the chest is mandatory to pick up any signs
of consolidation as right lower lobe pneumonia may result
in referred pain occurring in the right lower quadrant of the
abdomen. Constipation can cause abdominal pain, nausea
and vomiting, with tenderness over the distended caecum. It
can be easily mistaken for acute appendicitis. Faecal masses
may be felt per abdomen or on digital rectal examination.
Usually following a suppository, satisfactory evacuation of
the colon and rectum will bring rapid relief in patients whose
symptoms are caused by constipation.

Urinary tract infection can usually be differentiated by
a higher temperature, pus cells in the urine, and tenderness
over one or other kidney in the renal angle.

Abdominal trauma, accidental or non-accidental may
cause injury to the abdominal viscera. A plain X-ray of the
abdomen and a serum amylase should be done to exclude
the presence of traumatic or idiopathic pancreatitis and a
pneumoperitoneum.

In gastroenteritis and dysentery, there may be severe
cramping and abdominal pain. The pain and tenderness may
be more marked over the distended caecum. Other members
of the family may have similar symptoms or diarrhoea.
Rectal examination can help differentiate between a pelvic
appendicitis and appendicitis with pelvic peritonitis from
gastroenteritis.

Infective hepatitis may occur in epidemic form, but in
an isolated case may simulate appendicitis. The temperature
is usually elevated and the child complains of a headache
with nausea, vomiting, abdominal pain and tenderness. On
examination, the liver is enlarged and tender. The child may
or may not be jaundiced depending on whether he is seen in
the prodromal phase of the disease. Examination of the urine
usually reveals the presence of bile salts, but urobilinogen
may be present.

Intestinal obstruction may be due to incarceration of a
hernia, secondary to anomalies, e.g. a volvulus around a
vitellointestinal remnant, or adhesions following previous
abdominal operations. Vomiting, abdominal colic, abdominal
distension and constipation are the usual signs. After a
thorough clinical examination, plain X-ray of the abdomen
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in the erect and supine positions should be carried out to
differentiate intestinal obstruction from appendicitis.

Primary peritonitis is an uncommon diagnosis and
almost always affects the female. There is a diffuse infection
of the visceral and parietal peritoneum usually due to a
pneumococcus. With the peritonitis there is exudation of fluid
to the peritoneal cavity. Mesenteric lymph nodes are swollen.
Diffuse abdominal pain, vomiting, dehydration and a high
fever are the main features and diarrhoea may be present
initially, but is usually followed by constipation. Rectal
examination usually is suggestive of a pelvic appendicitis as
there is diffuse tenderness and heat present. The white blood
cell count is usually grossly elevated from 20,000 to 50,000
per cu mm. The diagnosis is usually made at laparotomy
when peritonitis is found but the appendix is normal.

Severe abdominal pain and vomiting may occur during
passage of a renal 