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Publication of any book is a process as laborious as the process of delivering a baby. Maturity (contents and the quality),

weight gain (number of pages), and intact survival (final copy) all have to be carefully looked after. More so for a book with

156 chapters running in 19 sections with every chapter having at least one algorithm!

Algorithms in Pediatrics have gone through all these laborious processes and have come out as an exclusive book
for pediatricians, giving instant guidelines for treatment, bringing uniformity in management, and training minds for
protocolized thinking. With each protocol, the book provides concise, precise, and up-to-date information which shall help
standardize care in pediatric practice.

When a practitioner is confronted with a clinical problem, he can rarely turn to a textbook for help. What he needs at
that time is not a recounting of a long list of differential diagnosis, but practical guidelines as to how to arrive at a particular
diagnosis and how to proceed further.

This book on algorithms intends to enable the pediatrician to recognize many disorders in a simplified manner and give
practical suggestions in their management, a learning experience in a structured manner.

To put it in the words of Henry David Thoreau, “Our lives are frittered away by detail; simplify, simplify”.

Practicing pediatricians are often faced with clinical problems for which they have been rather inadequately trained
during their medical curriculum. Textbooks published from the medically advanced countries do not focus enough
attention on the prevailing problems and circumstances in the developing countries such as India. The algorithms in this
book have been formed keeping in mind the situations prevailing in India, especially the constraints under which the
clinicians here have to practice. The main emphasis has been to provide clear-cut guidelines as to how to make a diagnosis
on clinical grounds with minimal investigations and to choose the most rational therapy.

Although, prepared specifically to meet the needs of practicing doctors or those who intend to practice in near future,
even pediatric residents would find the book extremely useful while preparing for their viva voce at the diploma or MD
exams. The book covers most of those aspects which are practically never taught in the curriculum but are nevertheless
expected to be known by pediatric postgraduates. It will also assist the students, house officers, and clinicians in the
evaluation of common pediatric signs and symptoms in clinical practice.

With the help of history, focused examination, and minimum investigations, pediatricians in office practice can reach a
working diagnosis and lay down immediate priorities in management.




Algorithms in Pediatrics

There s rarely a single acceptable approach to any given problem, and not all diagnoses can fit neatly into an algorithm.
Even though the protocols cannot be considered all-inclusive, the goal is to facilitate a logical and efficient stepwise
approach to reasonable differential diagnoses for the common clinical problems. The algorithmic format provides a rapid
and concise stepwise approach to a diagnosis. Moreover, it would train the brain to approach a problem.

The explosion of knowledge in pediatrics is phenomenal and fast. If the medical advances and good clinical practice get
coupled with effective advocacy, our increasing knowledge will benefit child care in our country.

I am sure that the algorithms will enhance the capabilities of pediatricians, guiding them towards optimal utilization of
available investigative and therapeutic resources.



Preface

It gives us immense pleasure to present to you the 1% edition of “Algorithms in Pediatrics”. Pediatrics is rapidly advancing
with the growth of its subspecialties. At times, it becomes difficult for busy pediatricians, whether in practice, in teaching
institutions, or pursuing their postgraduation, to read through lengthy texts of different subspecialties. Keeping this in
mind, we thought of bringing forth this concise book on algorithms, which deals with common and practical topics of
everyday requirements in different pediatric specialties.

The book has been designed with a practical approach in mind, with an algorithm for each topic, along with a concise
text to use the algorithms. The text has been kept simple and easily comprehendible. The book can be consulted rapidly in
the emergency room, wards, outpatient departments, or in busy clinics.

The book contains 19 subspecialty sections, with 8-10 chapters in each, a total of 156 chapters. This was an immense
work, which could not have been possible without the help and coordination of the section editors. We are very thankful
to all the section editors.

A large number of luminaries and experts in the field of pediatrics and its subspecialties have contributed their mind
and might in bringing out this book. We are thankful to all these contributors.

We are also thankful to Jaypee Brothers Medical Publishers (P) Ltd. for publishing this book.

We are also grateful to our respective spouses for being tolerant and supportive of us in this endeavor.

Anand S Vasudev
Nitin K Shah
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SECTION 1: NEONATOLOGY

CHAPTER

Neonatal Resuscitation

| INTRODUCTION

Birth of newborn is a potential medical emergency. Up to half
of newborns who require resuscitation have no identifiable
risk factors before birth. Preparation and anticipation is the
key. All babies need assessment for resuscitation at birth. Up
to 10% of babies need some resuscitation and less than 1%
need major resuscitation.

| STANDARD PRECAUTIONS

All resuscitation should be conducted under strict asepsis.
All resuscitation apparatus should be clean and sterile,
and where indicated, disposable. Suction catheters, mucus
extractor, umbilical catheters, syringes, needles, endotracheal
(ET) tubes, feeding tubes should be single use, sterile, and
disposable.

| PREPARATION PRIORTO BIRTH

Equipment Check

e All equipment should be available in various sizes for
different gestation

e A checklist should be used to ensure that the equipment is
functional

e Following equipment are “desirable” for resuscitation:
compressed air, blender, continuous positive airway
pressure (CPAP), pulse oximeter + probe and plastic wrap.

Personnel

e Atevery delivery, there should be at least one person whose
primary responsibility is the baby and who is capable of
initiating resuscitation positive pressure ventilation (PPV)
and chest compression (CC). Skilled personnel for complete
resuscitation be readily available, if needed

e Two persons or more are required in “high risk” delivery.

Rhishikesh P Thakre

Identifying High Risk Delivery

Focused questions (help prepare and anticipate problems
during resuscitation) include: (1) What is the gestational
age? (2) Is the amniotic fluid clear? (3) How many babies are
expected? (4) Are there any additional risk factors?

" ASSESSMENT AT BIRTH

Need for resuscitation can generally be identified by a rapid
assessment by asking “Is the infant breathing or crying?” If the
baby is breathing or crying, the newborn does not require any
further resuscitation. Early skin-to-skin contact with mother
be practiced and newborn assessed for breathing, color, and
activity.

If the babyis notbreathing or crying, a series of steps may be
needed to establish breathing sequentially performing initial
steps, PPV, CC, intubation, and/or administration of drugs.

Assessing the breathing is by observing the baby’s chest
movements. Breathing is adequate if a baby is vigorously
crying or has good regular chest movements with no pauses
or indrawing with associated good tone. Gasping or labored
breathing should not be mistaken for normal breathing.

| CORD CLAMPING

All babies who establish spontaneous respiration at birth
should have cord clamping delayed for more than 1 minute.
It is a safe procedure in term, preterm, and low birth weight
(LBW) babies with improved iron status, higher blood pressures
during stabilization, and a lower incidence of intraventricular
hemorrhage (IVH) and fewer blood transfusions in preterms.

| STEPS IN NEONATAL RESUSCITATION

A baby who is not breathing or crying at birth should undergo
following steps of resuscitation with ongoing assessment and
reassessment at every step (Algorithm 1).
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ALGORITHM 1

Indian Academy of Pediatrics Neonatal Resuscitation Program First Golden Minute algorithm for neonatal resuscitation

Birth
Evaluate Yes
Breathing/crying? >

No¢

* Provide warmth
« Position, clear airway (as necessary)**
 Dry and stimulate

w
D e D e — -
“

+
Evaluate No
» Respiration: gasping/apnea —>
o Heart rate: <100 beats/min
Yes y
60 s initiate positive pressure

ventilation with room air*

HR <60 beats/min
v

« Start chest compressions
« Continue positive pressure ventilationf——
* Ensure 100% oxygen

T HR >60 beats/min

Assess

A
every | HR <60 beats/min HR >60 beats/min

v

Routine care

« Warmth (skin-to-skin contact)
¢ Cut cord in 1-3 min

« Initiate breastfeeding

* Assess neonate

Observational care
* Warmth (skin-to-skin contact)
« Initiate breastfeeding

Labored breathing or No

persistent cyanosis

« Monitor neonate

Yes" (temperature, heart rate,

breathing. blood sugar)

» Consider SpO, monitoring
» Consider CPAP (in preterm)

v

Postresuscitation care
NICU/special care newborn unit

« Consider volume expanders

« Administer epinephrine (1:10,000) (0.1-0.3 mL/kg IV; 0.5-1 mL/kg ET)"l

*In meconium stained depressed neonates after oral suction, endotracheal suction may be considered.

#Endotracheal intubation may be considered at several steps.

CPAP, continuous positive airway pressure, HR, heart rate; ET, endotracheal; IV, intravenous; NICU, neonatal intensive care unit.

Initial Steps

A baby who is not breathing or crying should be received in
dry, prewarmed cloth with immediate cord clamping and
placed under a heat source. The head, trunk, and the limbs
should be dried firmly and quickly. Suction of mouth followed
by nose may be done if there is obvious obstruction to airway.
Stimulation is done by rubbing the back or flicking the soles.
The newborn is repositioned and simultaneous assessment of
respiration and heart rate (HR) is done.

Response to resuscitation is best judged by increasing HR
and later by establishment of spontaneous breathing. The HR
is easiest and quickest assessed by palpating at the base of
umbilical cord, but auscultation of precordium is most reliable.

Positive Pressure Ventilation

Positive pressure ventilation is indicated if the newborn has
apnea or gasping respiration, HR less than 100 beats per
minute or SpO, below target values despite supplemental
oxygen being increased to 100%. A flow-inflating bag, a self-
inflating bag, or a pressure-limited T-piece resuscitator can
be used for PPV. Call for help and ask assistant to apply pulse
oximeter, if available, to right hand/wrist of the newborn. In
all newborns (term or preterm), PPV should be started with
room air. Provide breaths at a rate of 40-60 per minute using
“breathe-two-three” and assess for efficacy after 5-10 breaths.
Checkforrise in HR and oximetry. If there is no HR rise, check

for air entry and chest movement. If not, take corrective
measures for ventilation—mask reposition, reposition airway,
suction, open mouth and ventilate, pressure increase, and
consider alternate airway measures (MRSOPA). Heart rate is
assessed every 30 seconds. Consider inserting orogastric tube
if ventilation is prolonged.

Positive pressure ventilation is discontinued if there
is rise in HR greater than 100 beats per minute and onset of
spontaneous respiration. If despite adequate PPV, there is no
desired response, one may consider intubation or initiate CC if
HR is less than 60 beats per minute.

Intubation

Intubation is considered if ventilation is ineffective, newborn
is nonvigorous with meconium stained liquor, need for CC,
administration of drugs, or suspected congenital diaphragmatic
hernia. Intubation is performed in time limit of 30 seconds.
There is no role of cuffed ET tubes. Two common and serious
errors of ET intubation are malplacement of the ET tube and
the use of the wrong sized tubes.

Chest Compression

Heart rate less than 60 beats per minute despite adequate
ventilation is indication to start CC. One should ensure
that assisted ventilation is being delivered optimally before
starting CCs. Consider intubation if CC is to begin. The
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Neonatal Seizures

INTRODUCTION

Neonatal seizures represent one of the major challenges
for the clinician working in nursery because of difficulty in
diagnosis and lack of effective evidence based treatment
scheme. Incidence of neonatal seizures is inversely
proportional to the birthweight with incidence of approxi-
mately 60 per 1,000 at less than 1,500 g and 3 per 1,000 at more
than 2,500 g at birth.

RISK FACTORS FOR NEONATAL SEIZURES

Maternal

Advancing maternal age more than 40 years
Preexisting/gestational diabetes mellitus

Intrapartum evidence of fetal distress

Placental abruption, cord prolapse, prolonged second stage
Maternal pyrexia, chorioamnionitis.

Infant

Lower gestational age

Low birthweight

Post-term more than 42 weeks
Male sex.

(o )
{ Clinical Pearl |

e Half of the seizures in newborns are subclinical and one-third
of seizures do not have an electroencephalogram correlate.

ETIOLOGY OF NEONATAL SEIZURES (TABLE 1)

First four causes constitute approximately 85% of all causes
of neonatal seizures. It is important to find out the cause as the
prognosis is dependent on the etiology of seizure.

Sanjay Wazir

TABLE 1: Etiology of neonatal seizures based on timing after
birth
Age Etiology
First24 h | e Hypoxic ischemic encephalopathy
e Meningitis/sepsis
e Subdural/subarachnoid/interventricular
hemorrhage intrauterine infection
e Trauma
e Pyridoxine dependency
o Drug effect/withdrawal
24-72 h ¢ Meningitis/sepsis
e In premature infants: intraventricular hemorrhage
e Infull-term infants: infarction, venous thrombosis
o Cerebral dysgenesis
72hto e Above causes
1 week e Inborn errors of metabolism

Al

N

e Hypocalcemia

e Familial neonatal seizures
Above causes

Herpes simplex virus

1weekto |e
4 weeks °

Hypoxic ischemic encephalopathy

Intracranial infections: bacterial, viral, fungal, intrauterine
Cerebral malformations

Intracranial hemorrhage

Metabolic:  hypocalcemia, hypomagnesemia,
glycemia, hypo- or hypernatremia

Bilirubin encephalopathy

Drug withdrawl: chronic maternal use of drugs
Inborn errors of metabolism: nonketotic hyperglycinemia,
pyridoxine-dependent epilepsy, folinic acid-responsive
seizures, pyruvate dehydrogenase deficiency, glucose
transporter deficiency, biotinidase deficiency, Leigh
disease, sulfite oxidase deficiency

hypo-
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9. Epilepsy syndromes: benign idiopathic neonatal
convulsions, benign familial neonatal seizures, benign
nonfamilial (idiopathic) neonatal seizures, early infantile
epileptic encephalopathy with burst suppression pattern
(Ohtahara syndrome), early myoclonic encephalopathy.

(i Dot )
{ Clinical Pearl )

o Sixty percent of the causes of seizures are due to hypoxic
ischemic encephalopathy and 20% are related to stroke.

| TYPES OF SEIZURES

Types of seizures are given in table 2.

TABLE 2: Types of seizures

Apnea Pedaling

Subtle e Eye deviation (term)

o Blinking, fixed stare (preterm)

e Repetitive mouth and tongue movements
e Apnea pedaling, tonic posturing of limbs

Tonic ¢ Maybe focal or generalized
e Tonic extension or flexion of limbs (often signals

severe intracranial hemorrhage in preterm infants)

Clonic e Maybe focal or multifocal

e Clonic limb movements (synchronous or
asynchronous, localized or often with no anatomic
order to progression)

e Consciousness maybe preserved
e Often signals focal cerebral injury

Myoclonic | e Focal, multifocal, or generalized
e Lightning-like jerks of extremities (upper > lower)

MOVEMENT DISORDERS IN NEONATES

Differential diagnosis of movement disorders in neonates is
given in table 3.

I DIFFERENTIAL DIAGNOSIS OF

| INVESTIGATIONS

Clinical history and examination

Blood sugar

Serum calcium and magnesium

Blood gas

Urea and electrolytes

Blood culture

Cerebrospinal fluid

Electroencephalogram (EEG): Obtain EEG if possible
Ultrasonography.

" ANTIEPILEPTICS AND THEIR DOSES

List of antiepileptics and their doses is given in table 4.

TABLE 3: Differential diagnosis of movement disorders in

neonates

Phenomenon | Characteristics

Jitteriness e Rhythmic character with equal forward and
backward movement
e (Can be restrained and is stimulus sensitive
e No eye movements
Benign sleep | ¢ Myoclonic activity confined to sleep
myoclonus e Occurs in the first few weeks of life
e Spontaneous resolution by 2-3 months
¢ No autonomic movements or eye movements
Hyperekplexia | e Triad of generalized stiffness while awake,
(stiff baby nocturnal myoclonus and exaggerated startle
syndrome) reflex
e Resolved by manual flexion of the neck or hips
e Clonazepam is helpful
Nonconvul- e Not associated with eye movements
sive apnea o Tachycardia is not seen
Sandifer e Caused by acid reflux
syndrome o Intermittent paroxysmal spells of generalized
stiffness and opisthotonic posturing
e Usually occur within 30 min of meal
Neonatal ¢ Fixed contraction of muscles
dystonia e Usually in severe brain lesion or in drug
overdose like metoclopramide

TABLE 4: List of antiepileptics and their doses

Drug Loading dose Maintenance dose
Phenobarbital | 20 mg/kg IV 3-5mg/kg per 24 h IV
maximum 40 mg/kg | or PO
Phenytoin 20 mg/kg IV (infusion | 3-4 mg/kg per 24 h IV
rate
1 mg/kg/min)
Midazolam 0.05 mg/kg IV 0.15 mg/kg/h
(in 10 min)
Lidocaine 2mg/kg IV e 6 mg/kg/h IV
o After 24 h of treatment:
4 mg/kg/h
o After 36 h: 2 mg/kg/h
o After 48 h: Stop
Clonazepam 0.15 mg/kg IV repeat | 0.1 mg/kg per 24 h
1x or 2x
Pyridoxine 50-100 mg 50-100 mg

IV, intravenous; PO, per os.

SPRTYR
{ Clinical Pearl |

e The data regarding the efficacy of older antiepileptics is not
very convincing but newer drugs have hardly any; hence,
phenobarbitone remains the first choice in neonatal seizures.
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I PROGNOSIS e Status epilepticus

] ) e Neurologic examination at the time of seizures
Dependent on the cause of seizures, e.g., in case of late-onset 4 Number of drugs required to treat seizures
hypocalcemia, the outcome is 100% normal and in case of Findings on neuroimaging
cerebral malformation, nearly all would have a bad prognosis. Conceptional age (term versus preterm)
Some of the outcomes are listed in table 5. o Birthweight.
Predictive Variables
Multiple rather than single factors appear to be most ALGORITHM 1
accurate in predicting outcome. However, all these variables Treatment for neonatal seizures
ultimately are related to the degree of brain injury at the time -
of seizure occurrence, and, in turn, the seizure etiology. * ABC

* Give oxygen

e Features of the interictal EEG from one or serial recordings .
* Investigate

e Features of the ictal EEG | 2ml/kg of 10% dextrose |
e Seizure burden, including the number of sites of seizure [

onset and seizure duration 2 mL/g of calcium gluconate 10% over
5 min diluted if hypocalcemia suspected

TABLE 5: Long term outcome of neonatal seizures Start etiology specific therarpy
. like antibiotics for sepsis
Outcome Incidence (%)
Early death 20-30 IV phenobarbitone @20 mg/kg loading over 20 min.
| | del If still persists, consider two more miniloading of
Developmental delay 55 phenobarbitone of 10 mg/kg with max of 40 mg/kg
Mental retardation 20-40
Cerebral palsy 25-40 If not controlled, consider Alternatively consider new
phenytoin under cardiac antiepilpetics according to
No neurological abnormalities 22-35 monitoring ] the table
Postnatal epilepsy 20-30 ABC, airway, breathing, and circulation.

ALGORITHM 2

Weaning protocol for neonatal seizures

ﬂ Neonatal seizures ]

| Transient metabolic cause |
1

v v
Yes
| Stop anticonvulsant] |One brief seizure || [ Difficult to control seizures |
v
Stop anticonvulsant and [Continue with phenobarbitone and stop rest anticonvulsants]

observe for 48 h

|Assess neurological examination at dischargel
1
v v

|\ Stop phenobarbitonel | Continue with phenobarbitone and do a neurological examination at one mDnthl
I

v
|Neurological examination normal | [Neurological examination abnormal |
v v
| Stop phenobarbitone || Do EEG
v v

| Abnormal: continue with phenobarbitone for 3 months and assess I |Norma|: taper phenobarbitone over 1-2 weeksl

m EEG, electroencephalogram.
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KEY POINTS

& Neonatal period is the most common time in one’s life to get
seizures

& Preferably, all neonatal seizures should have an EEG
record available to differentiate between the nonepileptic
phenomenon and seizures

& Antiepileptics may have toxic effects on the brain; hence, one
should try to stop as soon as possible

& Further studies are needed regarding new and more
efficacious treatments and their impact on the outcome of
different neonatal seizure types.
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