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PULMONOLOGY

RESPIRATORY DISTRESS IN
PRETERM NEONATES - A PRACTICAL
APPROACH

* Sridhar Kalyanasundaram
** Vidya Kanamkote Narayanan

Abstract: Respiratory distress syndromeisone of the most
common morbidities faced by a preterm neonate.
Many interrelated factors impact the approach to the
management of respiratory distress. In this review,
a practical and evidence-based approach to the
management of preterm babies with respiratory distress,
right fromthe delivery to the period when the respiratory
distress gets resolved, is discussed

Keywords: Prematurity, Respiratory distress, Surfactant,
Ventilation.

With the major advances in neonatal intensive care
over the past three decades, the survival of preterm babies
has seen significant improvement. This appliesto both the
developed countries (where the threshold of viability has
dropped from 24 weeks to even 22 weeks in some of the
more advanced centers) aswell asthe devel oping countries
such asIndia(where more extreme preterm babies between
24-26 weeks gestation are surviving).? Neonatal
respiratory distress syndrome (RDS) is still amajor cause
of morbidity and mortality and impacts the outcome of a
significant number of preterm babies. In this review, the
focus is on a practical evidence-based approach to the
management of thisimportant condition.

Antenatal care and delivery room management

Good antenatal care can reduce the incidence of
prematurity and thisis an important area that needs more
work in the developing world. Appropriate and timely use
of antenatal steroids can reducethe severity of RDS dueto
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Al Ain, United Arab Emirates (UAE).

email: addensri @yahoo.com

**  Consultant Pediatrician,
Mediclinic Parkview Hospital,
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surfactant deficiency. The first course is indicated in any
situation where there is a high risk of preterm delivery
between 24 and 34 weeks of gestation.®
Careful identification of the risk of preterm delivery is
important to avoid its use in situations where the risk of
preterm delivery is low. Either betamethasone or
dexamethasone can be used depending on local availability.
A single repest course of steroids can be considered if the
baby is likely to be delivered (imminent delivery) before
32 weeks gestation, and more than 2 weeks have elapsed
sincethelast dose (when given as part of thefirst course).
No further repeat doses are advisable. The use of antenatal
steroids beyond 34 weeks and for elective LSCS at full
term is not very clear. Though there is some evidence
supporting a reduction in respiratory distress-related
morbidity, there has been some concern related to long-
term devel opment.

Attention to adequate preparation at delivery,
preventing hypothermia, and delayed cord clamping are
important. Hypothermiacan affect the severity of the RDS.
Measures to prevent hypothermiainclude maintaining the
delivery room temperature between 24-25°Celsius, using
an overhead warmer, plastic bags to receive the preterm
babiesand using athermal mattress. Delayed cord clamping
will improve the hemodynamic stability of the preterm
neonate by improving circulating blood volume and
hemoglobin levels.> Hence one must ensure that the
obstetric team is comfortable doing this (delay by
30-60 seconds, even if a preterm baby is not active or
crying, as long as the cord pulsations are well felt with a
fetal heart rate over 100 beats per minute). Delaying cord
clamping until the lung expansion is achieved will likely
be the emerging approach in the future. Current studies
are looking into resuscitation measures provided at the
mother’s side to enable delayed cord clamping even in
babies needing resuscitation at delivery. Theresultsof these
studies will inform us further on this aspect.

‘In terms of respiratory support, ensure that the team
follows the guidelines from the locally approved neonatal
resuscitation program (NRP). It is better to use a T-piece
device at resuscitation, asthe pressure delivered aswell as
the inflation times are better regulated, and a reliable
positive end-expiratory pressure (PEEP) can be delivered.®
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These can also be used to initiate continuous positive
airway pressure (CPAP) at delivery using the face mask
with agood seal. The team should be aware that the flow
should be set at 10 liters/minute, and the flow must not be
adjusted after the initial setup if the required pressure is
achieved. They should also be aware that any increase in
theflow will increase the ddlivered pressures,and thismight
increase the risk of lung injury.The fraction of inspired
oxygen (FiO,) for babies at or below 32 weeks gestation,
needing support isinitiated at 0.3 at birth, and titrated as
required based on the age-appropriate saturation targets
(as specified by NRP).” For babies born at over 32 weeks,
resuscitation can be initiated in room air, and oxygen
started as guided by the saturation. In any case, oxygen
blenders are essential in the delivery room for the
management of preterm babies.

If the preterm baby needs positive pressure ventilation
as per NRP steps (due to apnea or low heart rate), bag and
mask ventilation is started and if the baby is improving
well with good respiratory efforts, CPAPisinitiated in the
delivery room using the T-piece device and face mask with
agood seal, and later switched to the nasal prong CPAP at
transfer using the transport ventilator. If the preterm baby
needs intubation as part of the resuscitation process, it is
better to transfer the baby to the neonatal intensive care
unit (NICU) on a ventilator and consider the need for
surfactant therapy, based on the pressure and oxygen
reguirement. Subsequent management will be based onthe
clinical picture.

I nitial management of preterm babieswith respiratory
distressin NICU

Some important principlesincluding the golden hour
management guidelines® and guidelinesfor intraventricular
hemorrhage (1VH) prevention® should be adhered to aswell
as measures to prevent infection.

It should be remembered that RDS is an evolving
disease, sothepictureat any pointintimeislikely to change
depending on the progress of the condition as well as the
response to the intervention. Because of this, continuous
and careful evaluation at every step with appropriate and
timely intervention is essential. There is good evidence
showing that early surfactant therapy is better than the
delayed surfactant therapy, though there is no clear
evidence to support prophylactic surfactant therapy even
inextremely pretermbabies.’® When the preterm baby has
respiratory distress and needs intubation (as part of the
resuscitation process), surfactant is given once the baby is
in the NICU (can be given in the delivery room if the
clinical condition demands). There is clear evidence that
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even the extreme pretermbabies can be safely managed on
non-invasive modes of ventilation, with close monitoring
of theclinical condition and early surfactant therapy based
on the met criteria.! The European consensus guidelines?
suggest the fraction of inspired oxygen (FiO,) of 0.3 at
CPAP pressure of 6 cm H,0 asan indication for surfactant

therapy.

The severity of RDS can be determined clinically
using acombination of the FiO, needed to maintain normal
saturation, assessment of thework of breathing, vital signs,
and arterial blood gas picture. Themain clinical parameters
that suggest respiratory distressincludetachypnea, grunting
and retractions, the severity of each one of these can differ
amongst these babies. Theclinical scoring toolswhich help
to assess the severity of respiratory distress include the
Downe's and Silverman’s scores of respiratory distress.*?
Though these could help in the objective assessment of
the severity of respiratory distress, it is not essentia to
score if the experienced clinician can assess the severity
based on overall clinical assessment. The other factors
include the degree of aeration of the lungs on the chest
X-ray and the PCO,on the blood gas. In babies under
28 weeks gestation, hypercapnearel ated i ssues such asthe
risk of intraventricular hemorrhage (1VH) are worrisome,
especialy in theinitial 72 hours of life. One should also
remember that the source of blood gas, asacapillary blood
gassamplewill haveahigher PCO,than an arterial sample.
Lung ultrasound is a very useful tool that could help to
monitor thelung condition, and support decision-making.™
It can be used fairly easily and one could consider
introducing it after suitable training.

All these parameters can fluctuate rapidly based on
the clinical condition and can be influenced by the
efficiency of CPAP delivery. Expert neonatal nursing care
is essential to ensure adequate pressure delivery with
appropriate humidification of theinspired gases (if for any
reason the humidifier is not turned on, the baby will get
cold air with a high flow through the CPAP machine; this
isnot only very uncomfortable for the baby but it will al'so
lead to worsening of the lung condition). Adequate
thermoregulation and minimal handling must be ensured.

Normally, one can start with CPAP of 5-6 cm.
There arethree possibilitiesfrom this stage: 1) Baby stays
stable on CPAP which is evident from improving
respiratory distress and blood gas parameters and the FiO,
stays below 0.3. In this case, the CPAP is continued and
weaned according to unit practices. 2) If the baby has
significant retractions, and respiratory acidosis with or
without an abnormal chest X-ray and the FiO, more than
0.3 or approaching 0.3, surfactant therapy is initiated.?
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3) If the baby has increasing distress but with good
respiratory efforts, PCO, isborderline high but the FiO, is
below 0.3, CPAP can be increased to 6 to 7 cm H,O as
maximum, and the clinical assessment repeated after
1-2 hours to decide on surfactant therapy.

Itis better to avoid using relatively high pressures on
CPAPor noninvasive positive pressure ventilation (NI PPV)
before using surfactant therapy in RDS. In the first
2-3 days, when RDS is evolving, surfactant deficiency is
the underlying factor, and the aim is to replace surfactant
early as discussed above.’® When high pressures are used
on the stiff lung (with low compliance), it increases the
risk of air leak, and the high pressure used could potentially
increasetherisk of other complicationsinthevery preterm
babies (including the increased risk of spontaneous
intestinal perforation). Inresource-limited settings, because
surfactant is expensive, cautious use of higher pressures
(CPAP or NIPPV) is considered, the increased risk of
pneumothorax being atrade-off.

The target oxygen saturation is similar to any other
preterm baby in the NICU, which is in the range of
90-94%.2 During this acute phase, it would help make a
timely (early) decision on surfactant requirement, if the
FiO, is adjusted based on the saturation target closer to
94% than to 90%. For example, the baby might maintain
90-92% at 0.25 FiO, but would need closer to 0.3 FiO, to
maintain 94% in such cases. The decisionto give surfactant
isnot based on FiO2 aone, asif the FiOZIeveIsdo not meet
the criteriabut the baby has clinical findings suggestive of
RDSincluding increased work of breathing, high PCO, on
the blood gas and abnormal chest X-ray, surfactant would
have to be administered. Lack of antenatal steroids,
possibility of infection, birth asphyxia, features of persistent
pulmonary hypertension (PPHN) etc., would add to the
risk aswell.

Once the decision has been made that the baby needs
surfactant based on the above, the next decisioniswhether
to gofor lessinvasive surfactant administration therapy or
if the baby needs to stay ventilated for a brief period.
Though most are in favor of less invasive surfactant
administration therapy, patient’s conditionis important to
avoid repeated intubation and procedures. A high PCO,,
recurrent apnea, hypotension or other hemodynamic
instability, features of PPHN, infection or significantly
increased work of breathing in a baby less than 1 kg are
factors that would tilt the decision towards keeping the
baby ventilated for afew hours after surfactant therapy.

If the baby is stable (this can be individualized
according to unit guidelines, for example, weight over
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1 kg, PCO, below 65 mmHg, FiO, below 0.6, no features
of sepsis, and otherwise hemodynamically stable), we could
go for less invasive surfactant therapy. Less invasive
surfactant administration (LISA) and Intubate, Surfactant,
and Extubate (INSURE) are the main treatment options.***
Though L1SA hasbeen shown to have aclear-cut reduction
in bronchopulmonary dysplasia (BPD) risk, the INSURE
techniqueismore straightforward in terms of making sure
the tube is in the right place using end-tidal CO,
calorimetric detection as well as less leak, thus reducing
the risk of surfactant wastage (an important factor in
resource-limited settings). Aslong asthe baby is extubated
soon after surfactant, the pulmonary outcome is unlikely
to be significantly different between INSURE and LISA.

If there are clinical concerns and the baby is kept
intubated and ventilated after the surfactant dose, it should
be aimed to extubate at the earliest possible. A similar
approach could be used for further doses of surfactant as
well, in casethe baby’sclinical condition suggeststhe need.
Though premedication is preferred before elective
intubation, it is still not clear whether we should consider
premedication before less invasive surfactant therapy, as
it might increase the chances of needing further support.®
Once the surfactant has been administered and the baby is
back on non-invasive ventilation, CPAP or NIPPV could
be used as per the unit practice guided by FiO,, blood gas,
and work of breathing.

Respiratory management after stabilization

In case the baby is intubated and ventilated, the aim
should be to extubateat the earliest possible, except in the
tiniest babies under 26 weeks, where a few days of
ventilation is preferred (higher risk of extubation failure
with associated atelectotrauma which could worsen the
overall outcome in these extreme preterm babies). If the
baby is not successfully extubated by 7-14 days (the more
preterm the baby, the wait can belonger), low-dose
dexamethasone distress assessment and replacement therpy
(DART protocol - low dose corticosteroids after first week
of lifetofacilitate extubation in ventilator-dependent very
preterm infants) can be considered.’” Once extubated, the
baby is usually maintained on CPAP or NIPPV and when
the baby tolerates weaning pressure, HFNC therapycan be
considered. In babies less than 32 weeks or those below
1.25 kg, maintenance of noninvasive ventilation is
considered (NIV-either CPAPor HFNC at the lowest level
tolerated till they reach 32 weeks of gestation and 1.25 kg
weight). This approach, along with caffeine and a two-
hourly tube feeding pattern (to reduce the risk of reflux
that is possible in this group, when 3 hourly feedsis used
with a higher volume ) tends to reduce the intermittent
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hypoxic episodes.® This is because as these small babies
areprogressing with the feeds, reflux tendsto overlap and
whenever there is a dlight reflux episode, they hold their
breath with reflex laryngospasm. The lung de-recruits
during this episode and the above suggested background
pressure with NIV tends to recruit the lungs quicker in
these tiny babies who would struggle otherwise. This is
likely to prevent the persisting or prolonged intermittent
hypoxic episodes (which can be linked to neuro
development as well).1®

Supportive management

Supportive treatment is very important in the
successful management of preterm babieswith respiratory
distress.? Early loading dose of caffeine followed by
maintenance caffeine isimportant. Avoiding hypothermia
is essential. Antibiotics to cover early-onset infection are
usually started in symptomatic preterm babies, but if
markers are negative and the blood culture is negative,
stopping by 36 hoursis aimed in most cases. Appropriate
attention to nutrition is important and if the weight and
gestation would warrant the use of total parenteral nutrition
(TPN), infusion through central lineswould be considered
as per unit policy. Excess fluid intake has been shown to
increase the risk of BPD, patent ductus arteriosus (PDA),
and necrotizing enterocolitis (NEC), so it is better to have
fluid intake on the lower side as tolerated.? Trophic feeds
with expressed breast milk (EBM) isaimed at the earliest
possible in these babies, whether they are on invasive or
non-invasive ventilation. If the baby is hemodynamically
stable, feeds can be increased as per unit protocol to full
feeds. Though PDA management is still controversial, in
extreme preterm babies, there could be abeneficial impact
of an early screening approach, with paracetamol or
ibuprofen treatment if indicated.'*®

Conclusion

Though the above practical approach is suggested in
the management of preterm babies with RDS, an
individualized assessment and regular review of theclinical
parameters are crucial to ensure a successful outcome.
It is aso important to have unit-specific guidelines that
would cover all the aspects discussed here and together
with regular quality improvement projects, would go along
way in ensuring evidence-based practice.

Points to Remember

e Respiratory distress syndrome (RDS) is a
continuously evolving problem-and though the
guidelinesareimportant, an individualized care plan
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that is constantly reviewed based on the immediate
clinical picture is essential to ensure optimal care.
Early surfactant therapy will improve outcomes in
preterm babies with RDS who need this treatment.

¢ |n babies who need surfactant therapy, the option
to use the lessinvasive surfactant delivery methods,
using L1SA or INSURE is evaluated.

e All units should strive for a standardized evidence-
based approach to carefor preterm babies, including
the golden hour approach, IVH prevention,
RDS management and infection prevention.
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CLIPPINGS

National PReCePT Programme: a before-and-after evaluation of the implementation of a national quality
improvement programme to increase the uptake of magnesium sulfate in preterm deliveries

Since 2015, the UK National Institute for Health and Care Excellence (NI CE) has recommended administration of
magnesium sulfate (MgSO,) for fetal neuroprotectionin very preterm deliveries (24-30 weeks' gestation). However
by 2017, only two-thirds of eligible women in England were given MgSO,, with wide regiona variations.

TheNational PReCePT (Preventing Cerebral Palsy in Pre Term labour) wasaquality improvement (Ql) intervention
in Maternity units (N=137) within NHS England and the Academic Health Science Network (AHSN) in 2018.
This study aimed to eval uate the effectiveness and cost-effectiveness of the National PReCePT Programme (NPP)
inincreasing use of magnesium sulfate (MgSO,) in preterm births.

The main outcome measures were MgSO, uptake post implementation and lifetime cost estimation. It was found
that the average MgSO, uptake for babies born <30 weeks' gestation, in 137 maternity unitsin England, increased
by 6.3percentage points to 83.1% post implementation. The health gains and cost savings associated with the NPP
effectiveness generated anet monetary benefit of £866 per preterm baby and the probability of the NPP being cost-
effective was greater than 95%.

This national QI programme was effective both in terms of implementation and cost saving. Research evidence
can take decades to trandlate to clinical practice, as was the case for antenatal steroids. This study shows that
national, network-supported QI programmes can accelerate uptake of evidence-based therapies and promote
improvementsin perinatal care. The PReCePT model may serve asablueprint for futureinterventionsin improvement
of perinatal care.

Edwards HB, Redaniel MT, Sillero-Rejon C, Margelyte R, Peters TJ, Tilling K et al. National PReCePT
Programme: a before-and-after evaluation of theimplementation of anational quality improvement programme
to increase the uptake of magnesium sulfate in preterm deliveries. Arch Dis Child: Fetal Neonatal Ed. 2023;
108:342-347.
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PULMONOLOGY
RESPIRATORY DISTRESS IN TERM Box 1. Common causes of respiratory
NEONATES - AN APPROACH distress in the newborn3

Upper airway disorders
Choanal atresia
Abstract: Respiratory distress in a neonate manifests as Pierre Robin sequence
tachypnea, chest retractionsor grunting. In atermneonate
the etiology of respiratory distress is more varied and
includes transient tachypnea of newborn, respiratory
distress syndrome due to surfactant deficiency, meconium

* Sindhu Sivanandan

Tracheoesophageal fistula
Laryngo-tracheomalacia
Vocal cord paralysis

aspiration syndrome, pneumonia, air-leak syndrome and Pulmonary diseases

congenital malformations. Early recognition of respiratory Transient tachypnea of the newborn (TTN)

distress and prompt initiation of appropriate treatment Respiratory distress syndrome (RDS)

improves outcomes. M econium aspiration syndrome (MAS)

K eywor ds: Respiratory distress, Termneonate, Meconium Pneumothorax

aspiration syndrome. Persistent pulmonary hypertension of the newborn
(PPHN)

Respiratory distress (RD) occursin 5% of all neonates
RD affects 30% of preterm and around 15-20% of term
neonates.! One third of all neonatal intensive care ) , _ _
admissionsare dueto RD. Management includes eval uating Congenital diaphragmatic hernia
the neonate for the severity and cause of respiratory distress Rarer causes: Surfactant protein deficiency syndromes
and prompt initiation of appropriate respiratory support. and alveolar capillary dysplasia

: : - Thoracic and muscular diseases
Respiratory distressis diagnosed when atleast two of Chest wall deformit
the following signs are noted; tachypnea (respiratory rate w or.ml y
>60 per minute), subcostal/intercostal recessions and Skeletal dysplasia

Pulmonary hypoplasia
Congenital malformations of the lung

expiratory grunt. Other signsinclude the presence of nasal Muscular disease (myasthenia gravis)

flaring, suprasternal retractions, decreased air entry on Neurological conditions

auscultation of the chest and hypoxia (oxygen saturation Central nervous system damage (birth trauma,
lessthan 90%). A neonate with severe distressmay manifest hemorrhage), meningitis, asphyxia

with gasping, stridor (asign of upper airway obstruction), M edication (maternal sedation, narcotic withdrawal)

apnea, bradycardia, poor perfusion or severe cyanosis.

These are life threatening signs that require prompt Spinal cord injury

Cardiac diseases

intervention.
Congenital heart disease
Etiology Arrhythmia
The causes of RD in a newborn are varied with Congestive cardiac failure
conditions arising from airway, lungs, chest wall, Cardiomyopathy
neuromuscular diseases, cardiac disorders and others Others
(Box 1). According to the neonatal perinatal database Sepsis
*  Consultant Neonatologist, Anemia
Kauvery Hospital, Chennai. Polycythemia
email: drsindhusivanandan@gmail.com Hypo and hyperthermia
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(2002-03) common etiologies in term neonates were
transient tachypnea of the newborn (46.7%), followed by
meconium aspiration syndrome (MAS) (29%), respiratory
distress syndrome (RDS) (3.7%), pneumothorax (3.4%)
and pneumonia (2.1%).2 Approximately 20% of these
neonates required invasive ventilation and mortality
was 25%.

Approach to diagnosis

History: Antenatal, and birth history and the time of
onset of respiratory distress often giveclueto thediagnosis
(Tablel).

Examination

Cranio-facial malformations, cleft palate,
micrognathia, scaphoid abdomen and drooling of saliva
should be looked for in a neonate presenting with
respiratory distress. Presence of abnormal sounds can
provide a clue to the diagnosis. Sridor is an inspiratory
noise noted in upper airway obstruction such as
laryngomalacia, Pierre Robin sequence, vocal cord palsy,
laryngeal or subglottic edema, web, or stenosis.®
Gruntingisan expiratory noise produced dueto theexpired
air flowing acrossapartially closed glottis. This generates
an intrinsic positive end-expiratory pressure (PEEP)
preventing alveolar collapse during expiration and
maintains the functional residual capacity (FRC).

Table I . Clue to the cause of RD

2023; 25(2):121

A chest wall shape that is rounded with increased
anteroposterior diameter denotes hyperinflation and can
occur with air-trapping conditions like MAS, TTN and
pneumothorax. Auscultation helpsto assessif breath sounds
are heard equally and symmetrically in all areas, whether
there is a prolongation of inspiratory or expiratory phase,
and presence of added sounds like rales, rhonchi, wheeze,
and stridor. Examination of the cardiac system isimportant
as neonates with cardiac disease manifest tachypnea
without significant retractions, may have poor perfusion,
cyanosis and/or abnormal heart sounds or murmurs on
auscultation.

Respiratory distress score: The severity of respiratory
distress can be objectively assessed using the Silverman
Anderson score* (Table I1) or the Downes' Vidyasagar
score®(Tablelll). Thedistressis graded as none (score=0)
or mild (<3), moderate (4-6) or severe (>7). Neonateswith
moderate distress need positive distending pressure like
CPAP whilethosewith severe distress need i ntubation and
mechanical ventilation. These scores are simple and can
be easily used by nurses. The Silverman Score had good
correlation with mortality and the Downes’' score has good
correlation with physiological parameters like arterial pH
and blood gas tensions as well as mortality.

Oxygen saturation

Central cyanosis is bluish discoloration of the skin,
mucous membranes and tongue. Visual estimation isoften

Predisposing condition/Time of onset

Respiratory problem

Maternal diabetes mellitus

TTN, RDS

Previous sibling with respiratory distress

RDS due to surfactant protein B deficiency

Polyhydramnios

Tracheo-esophageal fistula, neuromuscular disorders

Oligohydramnios

Pulmonary hypoplasia

Prolonged rupture of membranes, intrapartum fever
or chorioamnionitis

Early onset sepsis/pneumonia

Meconium-stained liquor, fetal distress

Meconium aspiration syndrome, asphyxia

C-section without |abor

TTN, RDS

Breech presentation, instrumental delivery

Trauma, Erb’s with phrenic nerve palsy

Onset of respiratory distress shortly after birth

TTN, RDS, pneumothorax or air leak, MAS,
congenital malformations

Delayed onset after birth

Pneumonia, congenital heart disease, air-leak, PPHN.
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incorrect as deoxyhemoglobin level should be at least
2.5 g/dL in the blood for cyanosis to manifest.
The polycythemic infants with high hemoglobin may
manifest cyanosis when oxygen saturation is 88%, while
anemic neonates may not appear cyanosed until saturation
drops below 65%. Hence, pulse oximeter is an essential
tool to identify hypoxia (SpO,below 90%) (Fig.1).
Oxygen saturation difference of more than 10% between
pre-ductal (right hand) and post-ductal sites(leg) indicates
probabl e right-to-left shunt through patent ductus arteriosus
(PDA) inthe setting of persistent pulmonary hypertension
of the newborn (PPHN). Pulse oximeter is not agood tool
to detect hyperoxia, as SpO, readings above 95% may occur
with PaO, values of 80-300 mm Hg (sigmoidal oxygen
dissociation curve). Itisalso not reliable bel ow SpO,<70%.

2023; 25(2):122

ambient light, dyshemoglobinemia (methemoglobin and
carboxyhemoglobin), low peripheral perfusion states and
movement of limbs interfere with SpO, measuremen.

Thefollowing are some of the common investigations
that are performed in a neonate with respiratory distress.

1. Transillumination: A fiber-optic light source applied
to the chest wall of the neonate in a darkened room
can identify air leaks like pneumothorax,
pneumomediastinum pneumoperitoneum and large
emphysematous bullae. Bright transillumination
suggests air collection.

Chest radiography: Chest radiography is the main
diagnostic tool in a neonate with respiratory distress.

Table II. Silverman Anderson score for respiratory distress in neonates
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Table III. Downe’s score for grading severity of respiratory distress

Feature Score0 Score 1l Score 2
Cyanosis of lips and oral mucosa None In-room air In40% FO,
Retractions (intercostal, subcostal None Mild Severe
and suprasternal)
Expiratory grunt None Audible with stethoscope | Audible without stethoscope
Air entry Normal Decreased Barely audible
Respiratory rate <60 60-80 >80 or apnea
Fig.1. Uses and limitations of pulse-oximetry
The commonly taken view is antero-posterior while a Normal values are pH 7.35-7.45,

lateral and cross-table lateral views can be done for
evaluation of air leaks, pleural effusionsand placement
of tubes or catheters.

. Ultrasound: Ultrasonography is a bedside tool that
can be used to diagnose many lung conditions such as
TTN, RDS, pneumonia, pleural and pericardial
effusions, pneumathorax, evaluation of mediastinal
and thoracic masses, assess the position and movement
of diaphragm as in eventration and diaphragmatic

palsy.

. Arterial blood gasanalysis(ABG): ABG providesa
snapshot of information about the patient’srespiratory
condition and must awaysbeinterpreted in theclinical
context.

13

PaO2 50-80 mmHg, PCO2 35-45 mmHg,
bicarbonate 20-24 mEg/L and base deficit of
3-5.

Respiratory failure is present when there is
hypoxemia (PaO,< 50), hypercarbia
(PaCO,> 60) and acidosis (pH<7.2).

Hypoxemia may result from both cardiac and
respiratory causes

Hypercarbia is a better indicator of respiratory
failure. Rising PaCO,(PaCO, >60) in the
presenceof falling pH (pH < 7.25) denotesfailure
of gas exchange and indicates the need for
mechanical ventilation.
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e. Thegoal of ventilation is not to make the blood
gasesnormal but to keep them within acceptable
target ranges.

5. Hyperoxia test: This helps to differentiate cyanotic

heart disease from respiratory disorders. Arterial blood
gas to estimate Pa0, is obtained from the right radial
(preductal) artery when the neonate is on room air.
The ABG is repeated after providing 100% oxygen
for 5 minutes (using an oxy-hood, CPAP or ventilator
based on the respiratory support).

e Pa0,<100 mm Hg: Denotes critical structural
cyanotic heart disease - duct dependent and
expressed as ‘failed’ hyperoxiatest. It warrants
immediate echocardiography and PGEL1 therapy
to keep duct open. Persistent pulmonary
hypertension of the newborn (PPHN) can also
result in a failed hyperoxia test. Unlike infants
with aduct-dependent cardiac disease, those with
PPHN show a pre-to-postductal saturation
difference greater than 10% on pulse- oximetry
(where shunting is at ductal level) and evince
labile saturations when the neonate is agitated
or withany clinical interventions(e.g. suctioning)
whereasinfantswith cyanotic heart disease have
fixed low oxygen saturations.

e Pa0,>250 mm Hg: Expressed as ‘passed’
hyperoxia test and excludes fixed intracardiac
right toleft shunt lesionsand primary pulmonary
disease.

e Pa0, 100-250 mm Hg: Possible cardiac disease
with good mixing and increased pulmonary blood
flow (Obstructive TAPVC).

6. Oxygenation indices: These indices give an idea

about the severity of respiratory illness and are useful
ininstituting therapy and predicting death and adverse
respiratory outcome. The commonly used oxygenation
indices are

a. Alveolar-arterial oxygen pressure difference
(AaDO,).

This can be calculated using the formula:
AaDQO, = (713 x FiO,) - (PaCQO, / 0.8) - (PaO,),
where 0.8 indicates respiratory quotient on a
mixed diet and 713 is derived from 760 mm Hg
at atmospheric pressure at sea level - 47 mmHg
(alveolar water vapor pressure). In healthy infants
AaDO, islessthan 20 inroom air. In the face of
hypoxia, if AaDO, isnormal, itindicates alveolar
hypoventilation or low inspired FiO,. If AaDO,
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is increased, it may be because of ventilation-
perfusion (V/Q) mismatch or shunt. If one were
to increase the FiO, to 100% and observes an
increase in Pa0, then V/Q mismatch might be
operating, while no change in PaO, means shunt
lesion. The normal AaDO, is highly dependent
on FiO, (for each 10% increase in FiO,, AaDO,
value increases by 5-7 points) and so the value
should not be interpreted without the FiO,

b. Oxygenationindex: Ol =[mean airway pressure
X FiO,/ PaO, (mmHg)] X 100. An Ol >15
indicates a ventilation-perfusion mismatch, and
Ol >40 is associated with a very poor prognosis
with mortality approaching 80%. Infants with
hypoxic respiratory failure with evidence of
pulmonary hypertension and OI>25 may benefit
from inhaled nitric oxide (iNO), and when Ol
exceeds 40, ECMO therapy is indicated.

c. Arterial-to-alveolar oxygen tension ratio
(a/Aratio). Thea/A ratio should becloseto 1in
ahealthy infant. A ratio of lessthan 0.3 indicates
disturbances in oxygen transfer.

d. Oxygen saturation index (OSI):0Sl is
calculated similar to Ol, but SpO, replaces paO,.
The advantage is that it is non-invasive and
allows continuous monitoring of oxygenation
status.® Theformulais= MAPxFiO,x100/ SpO,.
OSl isvalidated as areliable index for assessing
the severity of the respiratory failure and lung
injury in children. OSI correlates fairly well for
Ol values between 5 and 25 but has poor
discriminatory values for Ol >40. Ol can be
predicted from OS| (Ol =2 x OSl)

7. Other investigations: Sepsis screen and blood

cultures are indicated when an infection is suspected.
Blood sugar and electrolytes should be monitored.
CSF examination is warranted in the presence of
clinical sepsis or positive blood culture.
Echocardiography should be done to rule out
congenital heart disease and to evaluate PPHN.

Management of respiratory conditions
The basic principles of treatment include

e Supportivecare

All neonates with respiratory distress should be
monitored in the NICU and supportive therapy forms
the mainstay of care.
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Correct hypothermia

Airway: Assess the airway for the presence of
secretions. Suction, if needed and place a
shoulder roll

Breathing: Assess for respiratory distress using
an objective scoring system. Check SpO.,.
Intubate if respiratory distress is severe or
neonate is apneic

Circulation: Assess heart rate, blood pressureand
urine output

Check blood glucose level, and initiate
intravenous fluids if distressis severe.

e Respiratory support: Respiratory support provided
to the infant depends on the severity of respiratory
distress, hemodynamic stability, presence of
spontaneous efforts, the underlying condition, and the
presence of complication, if any. The objective is to
ensure adequate oxygenation and ventilation and
thereby decrease the work of breathing. The options
include non-invasive modes of heated humidified high
frequency nasal cannula(HFNC), continuous positive
airway pressure (CPAP) or non-invasive positive
pressure ventilation (NIPPV) or invasive mechanical
ventilation

Oxygenation: Preductal oxygen saturation should be
monitored continuously using a pulse oximeter and
FiO, should be titrated to achieve target SpO, of
91-95%.

Monitoring for and management of complications:
Infants with respiratory distress need to be monitored
for worsening distress, hemodynamic instability,
features of PPHN, acute kidney injury dueto hypoxia
and complications due to mechanical ventilation, etc.
If any such complications develop, they should be
managed appropriately.

Common respiratory disorders in term
neonates

Transient tachypnea of the newborn (TTN)

TTN isdueto ineffective clearanceof fetal lungfluid
after birth. In utero, the lungs are inflated and fluid filled.
The lung fluid is derived from type Il aveolar cells that
actively secrete chloride (sodium and water follow the
chloride into the alveoli). With the onset of labor,
epinephrine levels increase and stimulate the amiloride-
sensitive epithelial sodium channels (ENaC), leading to
lung fluid absorption into the interstitium. When this
processis delayed, TTN results.
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Risk factorsfor TTN include prematurity (10% among
33-34 weeks of gestation, 5% among late preterm and less
than 1% at term gestation), €l ective cesarean section before
labor, male gender, maternal or family history of asthma,
large for gestational age, and maternal diabetes.

Clinical features

Respiratory distress manifests shortly after birth with
tachypnea, retractions and grunting. Lung hyperinflation
may result in abarrel-shaped chest with pushed-down liver
and spleen, making them pal pable. Auscultation may reveal
the presence of crackles. Chest radiograph shows retained
fetal lung fluid in the fissures, perihilar streaking, relative
cardiomegaly, and slightly hyper expanded lungs.
While symptoms generally improve in 48 to 72 hours,
chest X-ray findings may take up to aweek to resolve.

Management

Neonates with respiratory distress should be
transferred to NICU for continued monitoring. Silverman
or Downe's scores should be continually monitored.
Non-invasive respiratory support (CPAP) or oxygen
administration (target SpO, between 91 and 95%) should
be provided based on the degree of distressand oxygenation
status. Neonates with persistent tachypnea (respiratory rate
>80/min) or severe distress need gavage feeding; a few
neonates might even requireintravenousfluids. When RD
scoresare 7 or more, mechanical ventilation may be needed.
Alternate diagnosis should be considered when the RD
persists beyond 5 or 6 days (rule out congenital heart
disease, pneumonia and congenital malformations),
hemodynamic instability or risk factors for sepsis are
present and when RD is severewith the need for mechanical
ventilation (rule out PPHN and alternate pulmonary
diagnosis). Management of TTN is supportive and drugs
such as inhaled beta-agonist (salbutamol), inhaled
epinephrine, corticosteroids, diuretics, and fluid restriction
do not impact clinical outcomes.”

Prognosis

The prognosis of TTN is good with most neonates
recovering within 3 to 7 days.

Prevention

Due to the high respiratory morbidity, the American
College of Obstetricians and Gynecologists and the
American Academy of Pediatrics (AAP) have
recommended deferring elective delivery until
39 completed weeks of gestation.
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M econium aspiration syndrome

Meconium aspiration syndrome (MAS) refers to
respiratory distressin neonates born through the meconium-
stained amniatic fluid (MSAF) whose symptoms cannot
be otherwise explained. MSAF occurs in approximately
13% of normal pregnancies and about 5% of these infants
manifest RD. Risk factorsfor M SAF include postmaturity
(gestational age beyond 41 weeks), small for gestational
age, oligohydramniosand fetal distress. Conditionscausing
fetal hypoxia such as placental insufficiency and cord
compression lead to increased parasympathetic activity
causing peristalsisand relaxation of the anal sphincter and
in-utero passage of meconium. Fetal hypoxia aso results
in utero gasping efforts and aspiration of meconium.

Meconium aspiration resultsin lung injury by various
mechanisms, including complete airway obstruction by
particulate meconium resulting in atelectasis, partial airway
obstruction resulting in air trapping, chemical inflammation
by complement activation and cytokine production,
inhibition of surfactant synthesis and function and
increased pulmonary vascular resistance. Persistent
pulmonary hypertension of the newborn (PPHN) often
complicates MAS resulting in severe hypoxia and
myocardia dysfunction.®

Clinical features

M econium aspiration syndrome manifests shortly after
birth with tachypnea, grunting, nasal flare, retractions and
cyanosis. Most of these neonates are post-term and have
meconium staining of nails, skin, and umbilical cord.
They also have features of perinatal asphyxia due to fetal
hypoxia that also precipitates in-utero passage of
meconium. Examination shows a hyper inflated or barrel
shaped chest due to air trapping and crepitations on
auscultation. Chest X-ray shows bilateral heterogenous
patchy infiltrates with areas of localized air-trapping.
If the diseaseis predominantly associated with air-trapping,
hyper-inflation and flattening of the diaphragm, is noted
with pneumothorax and pneumomediastinum in severe
MAS. If atelectasisis predominant bilateral consolidation
isnoted. Arterial blood gases reveal hypoxemia.

M anagement

All infants born through MSAF and manifesting
respiratory distress should be transferred to neonatal
intensive care unit. Normotherrmiaand euglycemiashould
be ensured. Oxygen saturation and RD severity should be
monitored. Mild distress may be managed with continuous
positiveairway support or heated humidified nasal cannula
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while40% of MAS cases may need mechanical ventilation.
Target preductal oxygen saturation is 91-95%.
Both hypoxia and hyperoxia can exacerbate pulmonary
arterial vasoconstriction and exacerbate PPHN.

Mechanical ventilation ischallengingin MAS due to
the heterogenous pathol ogy-atel ectatic areas require higher
mean airway pressure (MAP) to recruit while hyper inflated
areas pose arisk of pneumothorax. Therefore, the pressure
values must be set individually- PIP should be sufficient
enough to deliver atidal volume of 4-5 ml/kg body weight
with optimal positive end expiratory pressure (PEEP) of
4-6 cm H,O to avoid alveolar hyper distention.
The respiratory rates should be lower with adequate
expiratory times to avoid air trapping. When MAP
requirements exceed 12 cm H,0 high frequency oscillatory
ventilation (HFOV) can be considered. Inintubated infants
with MAS and oxygen requirements more than 50%,
surfactant therapy can be considered as it improves
oxygenation and reduces the need for extracorporeal
membrane oxygenation (ECMO). However, surfactant
therapy does not decrease the risk of mortality, chronic
lung disease or risk of air-leak. Since the absolute volume
of surfactant required in term neonates with MASis more
compared to smaller preterm infantswith RDS, surfactant
use in MAS should be considered on case-by-case basis.
In severe MAS with oxygen index 15-25 and evidence of
pulmonary hypertension, inhaled nitric oxide therapy
should be started at an initial dose of 20 ppm after
optimizing lung recruitment and hemodynamic support.

Prevention

Passage of meconium and itsaspiration occursin-utero
and most interventions have proven to be not useful in
randomized trials.® Before delivery, amnioinfusion (the
infusion of isotonic solution into the amniotic cavity viaa
catheter) to thin the meconium, to decrease the risk of
oligohydramnios, cord compression and meconium
aspiration was practised. Amnioinfusion was shown to
improve outcome (risk of MAS and perinatal mortality)
only in settings where facilities for perinatal surveillance
are limited. Intrapartum oropharyngeal suction before
delivery of the body in cases of meconium-stained amniotic
fluid is also not recommended. Similarly, elective
intubation and tracheal suction in both vigorous and non-
vigorous neonates born through M SAF does not alter the
risk of MAS or neonatal mortality and isnot recommended.

Prognosis

MASisassociated withamortality of 5% to 25% due
to the associated asphyxia and pulmonary hypertension.
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About a third havepulmonary complication of
pneumothorax/pneumomedi astinum.PPHN and myocardial
dysfunction are risk factors for mortality.
Long term neurodevelopmental outcomes need to be
monitored.

Pneumonia

Neonatal pneumonia due to infections can manifest
asisolated pulmonary involvement or asapart of systemic
sepsis.’*Congenital pneumoniarefersto onset of infection
in fetal life with transfer of infection across the
chorioamniotic membranes or transplacental route.
Early onset pneumonia refers to onset within 72 hours of
life dueto ascending infection viavaginal route or acquired
at the time of birth or shortly thereafter. Late-onset
pneumoniamanifests after 72 hoursand isdueto infection
from the environment transmitted through caregivers.
Risk factors for neonatal pneumonia include maternal
group B streptococcus (GBS) carriage, chorioamnionitis,
maternal fever, prolonged rupture of membranes,
prematurity. The clinical manifestations of pneumonia
resembl e that of sepsisand include poor feeding, lethargy,
apnea, hypo/hyperthermia and respiratory symptoms of
tachypnea, retractions and grunting. CXR may show
reticulogranular opacities, streakiness and atelectasis.
The radiographic findings in GBS pneumonia may
resemble RDS. Sepsis screen, blood culture and
cerebrospinal fluid analysis must be considered in
investigations.

Management includes supportive care and prompt
initiation of empirical antibiotics. Generally, ampicillinand
an aminoglycoside are the first line antibiotics for early
onset pneumonia. Cefotaxime may be substituted for
gentamicin when there is a strong suspicion of associated
bacterial meningitis. If there is significant concern for
herpes simplex virus, acyclovir should be started
immediately. In hospital acquired pneumonia, the choice
of antibiotic depends on local patterns of antibiotic
resistance and severity of the disease. Theempirical choice
should include two antibiotics with cover for both
Gram-negative and Gram-positive bacteria. Vancomycin
should be added if methicillin-resistant Saphylococcus
aureus (MRSA) is suspected. The duration of therapy is
7-14 days with longer duration therapy if blood cultureis
positive.

2023; 25(2):127
Points to Remember

e Themajor signsof neonatal respiratory distressare
tachypnea, chest retractions and grunting whereas
cyanosisisalate sign.

The common causes of RD in a term neonate are
transient tachypnea, meconium aspiration syndrome,
pneumonia, air-leak syndromeand rarely surfactant
deficiency.

Cardiac causes must be ruled out in any neonate
presenting with respiratory distress.

Management involves supportive care, maintaining
oxygen saturation targets through optimal
respiratory support.
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PULMONOLOGY

PNEUMONIA - MANAGEMENT UPDATE

* Kamal Kumar Singhal
** Megha Goyal

Abstract: Pneumoniakills more children under the age of
five yearsthan any other disease. It is defined asinfection
of lung parenchyma and viruses are the most common
infective cause. World Health Organization hasrevised the
classification and treatment of childhood pneumonia at
health facilitieswith the objective of providing appropriate
treatment to more children. These revised guidelines will
simplify the management of pneumonia at first level health
facility and outpatient department and achieve better
treatment outcomes. Oral amoxicillin is recommended as
the first-line treatment for the treatment of both fast
breathing pneumonia and chest in drawing pneumonia.

Keywords: Pneumonia, World Health Organization,
Amoxicillin.

Pneumonia is the single largest infectious cause of
death worldwide in children under 5 years of age.
The estimated death due to pneumonia was
740,180 children under the age of 5 in 2019, accounting
for 14% of all deaths of children under five years of age
and 22% of all deaths in children aged between 1 and 5,
globally.* Pneumoniamortality isclosely linked to poverty.
More than 99% of cases of pneumonia in children are
reported from low-and middle-income countries.
India contributes to 20% of deaths due to pneumoniain
the world.?

Etiology

Although the most common etiology is infectious,
non-infectious causes like aspiration (of food or gastric
acid, foreign bodies, hydrocarbons and lipoid substances),
hypersensitivity reactions and drug or radiation can also
calse pneumonia.
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New Delhi.

*%

18

Infective agents may enter the pulmonary system by
aspiration, droplet infection or by hematogenous spread.
Aspiration of oropharyngeal secretions may result in
aspiration pneumonia due to virulent organisms such as
Sreptococcus pneumoniae, Haemophilus influenzae type b
(Hib) and non-typeable H. influenzae (NTHi).
Droplet inhalation may result in pneumonia due to
organismssuch aslegionella, mycoplasma, chlamydiaand
adenoviruses. Hematogenous spread of organismsto lungs
may be associated with organisms such as Staphylococcus,
as pulmonary circulation acts as filter for venous blood.

In community acquired pneumonia(CAP), child’'sage
isthe singlemost important predictor of thelikely pathogen
(Tablel1).34

Single most common infective cause of community
acquired pneumonia in children between the ages of
1 month to 5 years is viral infections. Using molecular
diagnostic techniques, virus can beidentified in 40 to 80%
of children with community acquired pneumonia.
Among viruses, the most commonly identified to cause
pneumoniain children arerespiratory syncytial virus (RSV)
and rhinovirus, especially in patients less than 2 years of

age®

Additionally, co-infection with either a virus and a
bacterium or two or more viruses is common in children,
with co-infection rate in infants being reported as high as
75%.5

Among bacterial causes, Sreptococcus pneumoniae
(pneumococcus) is the most common bacterial pathogen
in children of 3 weeks to 4 years of age, whereas
Mycoplasma pneumoniae and Chlamydophila pneumoniae
are the most frequent bacterial pathogensin children aged
5 years and older. Saphylococcus aureus pneumonia is
known to complicateillness caused by viral pathogen such
as influenza or measles. Although, S. pneumoniae,
H. influenzae and S. aureus are the major contributors to
morbidity and mortality from bacterial pneumoniaamong
children in developing countries; other causes that should
be considered are HIV infection, Mycobacterium
tuberculosis, atypical mycobacteria, salmonella,
Escherichia coli and Pneumocystis jiroveci.
Routine vaccination against H. Influenzae and
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Table I. Common agents causing CAP according to age

Newborns 1-6 months

6-12 months >1Year

e Group B streptococcus e Viruses

e Enteric Gram-negative bacilli e Spneumoniae
e RSV e H. influenzae
e S aureus

e M. catarrhalis

e B pertussis

e Chlamydia trachomatis

¢ Ureaplasma urealyticum

e \iruses e \iruses

e Spneumoniae e M pneumoniae
e H. influenzae e Spneumoniae

e S aureus e C pneumoniae

Spneumoniae has significantly reduced the incidence of
pneumonia caused by these agents. Certain
immunocompromised states predispose children to
pneumoniawith unusual organisms, e.g. Pseudomonas spp.
commonly seen in patients with cystic fibrosis.®

Factors that increase risk of pneumonia in children
include overcrowding in household, lower socioeconomic
status, low parental educational status, younger maternal
age, exposure to indoor pollutants such as tobacco smoke
and outdoor air pollution.” Lack of breastfeeding and
malnutrition are also important factors contributing to
increased risk of pneumoniain developing countries.”

Clinical features

Children with pneumonia can present with wide
variety of symptoms like cough, fever, fast breathing,
difficulty in breathing, chest pain, abdominal pain (common
in lower lobe pneumonia) and headache. The sighs may
include chest retractions (intercostal, subcostal, sternal,
suprasternal), nasal flaring, grunting, groaning and head
bobbing. Auscultation may reveal bronchial breathing,
rales, wheeze and decreased breath sounds. These signs
and symptoms have variable sensitivity and specificity.
Signs of severeillnesslike cyanosis, grunting respiration,
dehydration, general danger signs like lethargy should be
assessed in addition to vital signs and saturation.®®
There may be clinical pointers suggesting a particular
etiological agent (Tablell).

Age-specific criteriaof the World Health Organization
(WHO) are the most widely used, to diagnose and assess
the severity of pneumonia. It recommends using
“fast breathing” (tachypnea) and lower chest wall
indrawing to diagnose pneumoniaat the community level.*°
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Since younger children have higher respiratory rate, the
definition of fast breathing is different for different age
groups (Table 111). Respiratory rate should be counted for
complete one minute while the child is afebrile and not

crying.

Among all clinical signs, tachypnea is the most
sensitive and consistent clinical manifestation of
pneumonia. Auscultatory findings are not sensitive.®
In infants less than 1 year of age, respiratory rate of
70/min or more can predict hypoxemia with a sensitivity
of 63% and specificity of 89%.* WHO defined tachypnea
in preschool children has a sensitivity of 74% and
specificity of 67% to predict radiographically defined
pneumonia.’? Increased work of breathing, compared to
fast breathing is more specific for the diagnosis of
pneumonia. Without the danger signs, fast breathing alone
was associated with radiological pneumonia and lobar
pneumoniain 14% and 1% of the cases respectively.'®

Acute onset fast breathing may be due to either
respiratory or non-respiratory causes. Respiratory causes
include asthma, bronchioalitis, viral croup, foreign body
ingestion, pneumonia, pleural effusion, empyema and
pneumothorax, while non respiratory causes include
congestive heart failure, raised intracranial pressure,
metabolic acidosis(e.g., DKA) and renal failure. A focused
history and examination are imperative to rule out non-
respiratory causes of fast breathing and to diagnose likely
complications.

Investigations

Inaclinically stable child presenting in the outpatient
setting, community acquired pneumonia(CAP) isaclinical
diagnosisand no investigationsarerequired. Investigations



Indian Journal of Practical Pediatrics

2023; 25(2):130

Table II. Etiological types and characteristic differentiating features

Viral pneumonia | Streptococcal pneumonia

Saphylococcal pneumonia

Atypical pneumonia

e Follows short e Moretoxic

upper respiratory
tract infection
(URTI)

e Gradual onset
cough

¢ High grade fever
e Low gradefever | e Rapid progression

e Lesstoxic look e Lobar pneumonia

¢ \Wheeze may be e Gastrointestinal manifestations
associated (lower lobe pneumonia)
(bronchiolitislike
features)

e Usudlly, bilateral
affecting all lobes

e L asts 3-5 daysand
resolves
spontaneously

e Empyema

e Cellulitis/ abscess

o Necrotizing pneumonia

e Pneumatocele formation

e More like viral pneumonia

e Wheezing

e May not be sick (walking
pneumonia)

e Diffuse lung involvement

Table III. WHO age specific criteria for fast
breathing

Age Respiratory rate
(breaths per minute)

< 2 months 60 or more

2 months up to 12 months 50 or more

12 months up to 5 years 40 or more

are required in sick children requiring hospitalization.
The radiological, microbiological and biochemical
(acute phase reactants) investigations can be used to
evaluate a child admitted with pneumonia. Among the
radiological investigationsto eval uate pneumonia, the most
useful oneis chest radiograph. Chest X ray should not be
routinely done in ambulatory patients with CAP* It may
be done in children with severe pneumonia when
complications are suspected, if diagnosis of pneumoniais
not clear, associated with severe acute malnutrition and
post measles infections (Fig.1A to 1D). An infiltrate on
chest radiograph may suggest the diagnosis of pneumonia.

20

Viral pneumoniaisusually characterized by hyperinflation
with bilateral interstitial infiltrates and peribronchial
cuffing. Confluent lobar consolidationistypically seenwith
pneumococca pneumonia. The radiographic appearance
aone is not diagnostic, and overal clinical picture must
be considered. Repeat chest radiographs at completion of
treatment is not required in patients with uncomplicated
pneumonia.®

Microbiological investigations are also routinely not
indicated in patients with non severe pneumonia.
These are needed in pneumonia severe enough to require
admission to the paediatric intensive care units (ICU) or
with complications, in those who fail to improve and who
have progressive deterioration.* Available investigations
include culture, polymerase chain reaction (PCR), immuno
fluorescence and serology. Blood culture positivity is
uncommon, especially when patients have received
antibiotics. Nasopharyngeal secretions and nasal swabs
may be used for viral detection using PCR and/or immuno
fluorescence techniques. Serology may be used in both
acute and convalescent phase of pneumonia if the likely
etiologies include respiratory viruses, mycoplasma or
chlamydia. In children with complicated pneumonia,



Indian Journal of Practical Pediatrics

2023; 25(2):131

Fig.1. (A) Right sided pleural effusion showing meniscus sign and costophrenic angle blunting.
(B) Right sided tension pneumothorax with mediastinal shift to left. (C) Right upper zone
cavitary lesion with areas of breakdown in the right middle zone and left upper and middle

zone. (D) Right upper zone consolidation.

pleural fluid may be subjected to microscopy, culture,
pneumococcal antigen detection and/ or PCR.

Acute phase reactants include procalcitonin, C reactive
protein (CRP), erythrocyte sedimentation rate (ESR),
cytokines and white blood cell count. Without assessing
the overal clinical picture, these reactants individually or
in combination are of no clinical utility in distinguishing
viral from bacteria infections and should not be tested
routinely.#

Community vs hospital acquired pneumonia

Community acquired pneumonia (CAP):Acuteinfection
of the pulmonary parenchymain apreviousy healthy child,
acquired outside of a hospital setting and not hospitalized
within 14 days prior to the onset of symptoms.*
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Hospital acquired pneumonia (HAP):Pneumonia
acquired within ahospital environment that occurs48 hours
or more after admission.*

Changes in World Health Organisation (WHO)
classification and treatment of pneumonia in children
(2- 59 months).

The recommendations for the classification and
management of pneumoniain health facilitieshave recently
been modified.*>*® The revisions have been based on new
evidence in the last decade. The original guidelines
classified the respiratory symptoms of children
2 to 59 months of age into four categories.®
Evidence suggests that the majority of childhood
pneumonia deaths are due to severe pneumonia/severe
disease.’® Thus the management of these severe cases



Indian Journal of Practical Pediatrics

requires early identification, prompt referral and the
availability of good-quality higher-level care. Therevised
classification included three categories instead of four,
along with changes in admission criteria and choice of
antibiotics (Table 1V). The revised treatment
recommendations are:

Recommendation 1: Children with fast breathing
pneumoniawith no chest indrawing or general danger signs
should be treated with oral amoxicillin, at least
40mg/kg/dose twice daily (80mg/kg/day) for five days.
In areas with low HIV prevalence, give amoxicillin for
three days.

Children with fast-breathing pneumonia who fail on
first-linetreatment with amoxicillin should have the option
of referral to afacility where there is appropriate second-
line treatment.

Recommendation 2: Children aged 2-59 monthswith chest
indrawing pneumonia should be treated with oral
amoxicillin, at least 40mg/kg/dosetwicedaily for five days.

Recommendation 3: Children aged 2-59 months with
severe pneumonia should be treated with parenteral
ampicillin (or penicillin) and gentamicin as a first-line
treatment.

o Ampicillin 50 mg/kg, or benzyl penicillin: 50,000 units
per kg IM/IV every 6 hoursfor at least five days

e Gentamicin:7.5 mg/kg IM/1V once aday for at |east
five days

Ceftriaxone should be used as a second-line treatment
in children with severe pneumonia having failed on the
first-line treatment.
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Recommendation 4: Ampicillin (or penicillin when
ampicillinisnot available) plus gentamicin or ceftriaxone
arerecommended asafirst-line antibiotic regimen for HI V-
infected and -exposed infantsand for children under Syears
of age with chest indrawing pneumonia or severe
pneumonia.

For HIV infected as well as exposed infants and for
children with chest indrawing pneumonia or severe
pneumonia, who do not respond to treatment with
ampicillin or penicillin plus gentamicin, ceftriaxone
(80mg/kg IM or 1/V oncedaily) aloneisrecommended for
use as second-line treatment.

Recommendation 5: Empiric co-trimoxazol etreatment for
suspected Pneumocystisjirovecii (previousy Pneumocystis
carinii) pneumonia(PCP) isrecommended as an additional
treatment for HIV-infected and exposed infants aged from
2 months up to 1 year with chest indrawing or severe
pneumonia.

Empirical co-trimoxazoletreatment for Pneumocystis
jirovecii pneumonia (PCP) is not recommended for
HIV-infected and exposed children over 1 year of agewith
chest indrawing or severe pneumonia

Indications for admission / referral

Thefollowing areindicationsfor admission/ referral
to higher centre: age < 3 months, oxygen saturation (SpO,)
< 92%, severe respiratory distress, general danger signs,
intermittent apnea and grunting, failure of outpatient
department (OPD) treatment. General danger signs in a
child with pneumoniaincludeinability to drink, persistent
vomiting, convulsions, lethargy or unconsciousness, stridor
inacam child or severe manutrition.

Table IV. Revised classification and treatment for childhood pneumonia at health facility-

2 months to 59 months

Age Symptoms /signs

Diagnosis

M anagement

Child age 2-59 months
with cough and/or
difficult breathing

Cough and cold

No pneumonia

Home care advice

Fast breathing and /or
chest indrawing

Pneumonia

Oral amoxicillin and home
care advice

General danger signs*

Severe pneumonia or very
severe pneumonia

First dose antibiotic and referral to
facility for injectable antibiotic/
supportive therapy

*Not ableto drink, persistent vomiting, convulsions, lethargic or unconscious, stridor ina calmchild or severe malnutrition

22
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Indicationsfor transfer to pediatric intensive care unit
(PICU) include shock, need for ventilatory support, oxygen
saturation less than 92% on more than 50% FiO,.

Treatment

The treatment will depend on the severity of illness,
age of the child and clinical pointersto an etiology.

In children with pneumonia(non-severe), oral
amoxicillin should be given for 3-5 days.

Co-amoxiclav is used as a second-line treatment in
children, having failed on the first-line treatment.
In children aged more than 2 months with severe
pneumonia, the first line antibiotics are a combination of
ampicillin and gentamicin administered intravenously.
If there is improvement after 48 hours of 1V antibiotics
(ampicillin + gentamicin), antibiotics may be deescalated
to oral amoxicillin to complete 7-10 days of total duration
of antibiotics. If thereisno improvement after 48 hours of
first line 1V antibiotics, complications of pneumonia like
empyema or pneumothorax and other likely aternative
diagnosis should be ruled out, before considering a
diagnosis of drug resistance. Cloxacillin may be added if
staphylococcusinfectionislikely. In casesof severe sepsis/
septic shock, vancomycin should be added.

In children less than 2 months of age with severe
pneumonia, combination of intravenous ampicillin +
gentamicin may be administered for 7-10 days. If thereis
no response in 48 hours, one can consider upgrading to a
combination of IV cefotaxime/ceftriaxone + gentamicin,
after ruling out complications of pneumoniaand alternative
diagnosis. The antibioticsmay be given for atotal duration
of 7-10 days. Cloxacillin may be added if staphylococcus
infection is likely. Clinical indicators which may suggest
staphylococcal infections in pneumonia include rapid
progression of the disease, presence of pneumatocele/
pneumothorax/ pleural effusion on chest X ray, large skin
boilg/ abscess/ infected scabies or post meases pneumonia.

If the likely etiology for pneumonia is viral, only
symptomatic and supportive treatment should be given.
Oseltamivir can be given if HIN1 infection is suspected,
but it should be initiated within 3 days of symptoms.

Macrolides should not be used routinely for all cases
of pneumonia. Likelihood of mycoplasma pneumonia is
highif the onset is subacute or if there are extrapulmonary
manifestations.

Supportive care

Limited evidence suggeststhat reduction of fever with
antipyretics and external cooling methods may increase
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the blood oxygen saturation, although it may not indicate
improved respiratory condition.? Intravenousfluidsshould
be given if the child is dehydrated or unable to take orally
or with impending respiratory failure. Oxygen should be
started to maintain saturation above 92%. Bronchodilators
should be used judicioudly if there is presence of wheeze
to decrease the work of breathing.?

Complications

Complicationsof pneumoniainclude pleural effusion,
empyema, pneumothorax, lung abscess, bronchiectasisand
pericarditis. Meningitis, suppurative arthritis and
osteomyelitisarerare complications of hematol ogic spread.
It isimportant to have a high index of suspicion for these
complications, before considering change of antibioticsin
children, not improving on first line antibiotics.

Discharge criteria

A child should be considered for discharge if the
respiratory distress has resolved, there is no hypoxemia
(oxygen saturation more than 90%), child is feeding well,
and is ableto take oral medications or completed a course
of parenteral antibiotics. Additionally, parents should have
understood the danger signs indicating the need to return
to hospital, in case of worsening of child’s clinical
condition.

Points to Remember

e Pneumonia is the leading infectious cause of

mortality in children aged lessthan 5 yearsglobally.

Tachypnea is the most sensitive and consistent
clinical sign of pneumonia.

Pneumoniaisaclinical diagnosisin stable children
who are being managed in outpatient settings and
investigations are required only in sick children
requiring admission.

Asper theWHO revised classification, therespiratory
symptoms of children 2 to 59 months of age are
classified into three categoriesinstead of four.

Oral amoxicillin replaces oral co-trimoxazole as
first-line treatment of pneumonia.
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PULMONOLOGY

ASTHMA - CURRENT GUIDELINES
* Pallab Chatterjee

Abstract: Asthma is a common disease condition in
children that leads to significant morbidity.
The under standing of the disease haschanged froma single
disease to an umbrella term covering a group of diseases
with similar symptoms as a result of different etiologies,
phenotypes and endotypes. There is now a sea change in
theinitial management, which emphasizes on confirming
the diagnosis before starting controller medications,
avoidance of short-acting beta2 agonists alone and to use
single maintenance and reliever therapy (SMART) in
adolescents and adults. Add-on therapies like tiotropium
and biological monoclonal antibodies have been approved
for use in some children with severe asthma.

Keywords: Asthma, Phenotypes, Short-acting beta2
agonists, Tiotropium.

As the understanding of asthma has changed from a
single disease to an umbrella term covering a group of
diseases with similar symptoms as a result of different
etiologies, phenotypes and endotypes, there is now a sea
change in the management of the disease, from a
‘one-size-fits-all’ concept to a more ‘personalized’
management of the disease.

Definition and diagnosis

Asthma is a heterogenous disease defined by
history of respiratory symptoms (eg. wheeze, shortness of
breath, chest tightness and cough) that vary over time and
in intensity, together with variable expiratory airflow
limitation.* Diagnosis is based on a typical history of
characteristic symptoms and evidence of variable
expiratory airflow limitation obtained from bronchodilator
reversibility testing or other tests. A characteristic history
of wheeze, chest tightness, shortness of breath and cough
of varying intensity changing over time, usualy at night

*

European Diplomate in Pediatric Pulmonol ogy,
Apollo Multispeciality Hospital,

Manipal Hospital, Fortis Hospital,

Kolkata.

email : pallabchatterjee@gmail.com
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and worsening with exercise, laughter, allergens, cold air
and viral infections are features supporting a preliminary
diagnosis of asthma. It is recommended to obtain and
document evidence of asthma and confirm the diagnosis
before starting controller therapy. This is to avoid
inappropriate treatment or missing other diagnoses.
In under-fives, asthmaismorelikely in cases of coughing
or wheezing with exercise/crying/laughing or in the absence
of respiratory infectionsandif they haveahistory of eczema
or adlergic rhinitis.

Various tests that are recommended include
demonstration of variable expiratory airflow limitation,
demonstrating bronchodilator (BD) reversibility or
responsiveness, a positive bronchial provocation test,
excessive variability during peak expiratory flow (PEF)
monitoring, excessivevariationin FEV, between visits, or
asignificant increase in FEV | after inhaled corticosteroid
(ICS) treatment. An increase in FEV | of >12% measured
10-15 mins after a 200-400 mcg of salbutamol from the
pre-BD reading (having restricted short-acting beta2
agonists (SABA) for at least 4 hoursand LABA for at |east
24 hours) is considered significant. In resource limited
settings, or where spirometry isnot available or feasible, a
daily diurnal variability over 2 weeks of the peak expiratory
flow (highest of three readings) of >13% is considered
significant. Thediurnal variability iscalculated astheday’s
highest minus the day’s lowest PEF divided by the mean
of theday’shighest and lowest, where the PEF ismeasured
twiceaday and averaged over aweek, using the same meter
each time. The BD reversibility may be lost during viral
respiratory infections and severe exacerbations and there
may be a variation of up to 20% on using different PEF
meters. A fall in FEV by 12% and PEF by 15% after
exercise or in between two visitsis significant, though the
latter has a good specificity but poor sensitivity.
The exercise challengeisanon-specific indirect bronchial
provocation test and is performed by running for 6-8 mins
on atreadmill inclined at 5.5-10° with arapidly increasing
speed till a steady heart rate of 90-95% of the calculated
maximum is reached and maintained for
4-6 mins at room temperature that should preferably be
between 20 to 22 °C) with a relative humidity of ~40%.
FEV, is measured immediately after and 3, 6, 10, 15 and
20 mins after running. The methacholine challengetest is
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adirect bronchial provocation test that should be performed
in a competent laboratory with equipment necessary to
handle severe bronchospasm, and they have a moderate
sensitivity but limited specificity.?

The concentration of fractional exhaled nitric oxide
(FeNO) is higher in asthma with type 2 airway
inflammation and also in atopy, alergic rhinitis, eczema,
eosinophilic bronchitis and intake of arginine containing
food (like vegetables). It is lower during
bronchoconstriction, viral respiratory infections and some
asthma phenotypes (eg neutrophilic inflammation).
Thenormal rangeisfrom 15 partsper billion (ppb) in early
childhood to 25 ppb in adolescence, being slightly higher
in males. A high FeNO above 40-50ppb is strongly
suggestive of eosinophilic airway inflammation.
Various other tests, like measurement of the interrupter
resistance (Rint), airway resistance by theforced oscillation
technique, plethysmographic specific airway resistance,
induced sputum cytology, exhaled breath condensate
(EBC), peak cough flow (PCF), whistle mouth pressure
(Pmw) as a test of expiratory muscle strength?, are not
validated and not yet included in the current guidelines.
Allergy testing by skin prick (SPT) or specific
Immunoglobulin E (sIgE) does not indicate that theallergen
iscausing asthmasymptomsand ispositivein only asubset
of asthmatic phenotypes.

Assessment of asthma

Asthmaseverity isdefined retrospectively after giving
treatment for a few months, Mild asthmais one which is
controlled with as-required SABA/ICS-formoterol or low-
dose ICS. Moderate asthmaisonethat is controlled with a
low-to-moderate dose of ICS in a combination of long
acting beta agonist (LABA). Severe asthma is poorly
controlled despite a high dose of ICS and a second
controller drug [like LABA or long-acting muscarinic
antagonists (LAMA) or leukotriene receptor antagonist
(LTRA)], with good compliance and technique and
treatment of comorbidities.! However, for management,
asthma should be classified as well controlled, partly
controlled and uncontrolled.

Management of asthma

Asthma management is not a ‘one-size-fits-all’
treatment and should be personalized and adjusted in a
continual cycle of assessment, treatment and review to
minimize symptoms and prevent exacerbations.
Assessment includes confirmation of diagnosis, if
necessary, symptom control and modifiable risk factors
(including lung function), comorbidities, inhaler technique
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and adherence and patient / parent preference and goals.
Adjustments include treating the modifiable risk factors
and comorbidities (see below), non-pharmacological
strategies (like alergen avoidance, etc), education and skills
training and medications (according to thelevel of contral).
They should bereviewed at regular intervalsfor symptoms
and exacerbations, growth monitoring and any side-effects
of the medications, lung function and patient / parent
satisfaction. Consider symptom control, risk factors for
exacerbations and side effects, lung function,
comorbidities, self-management skills and patient and/or
caregiver goals, preferences and satisfaction.

Asthma medications are categorized as controllers,
relievers, and add-on therapies:

e Controllers contain ICS, which reduce airway
inflammation, control symptoms and reduce the risks
of exacerbations, even in mild asthma and of asthma
death. Treatment with ICS may reduce exacerbation-
related declines in lung function. “Maintenance’
therapies are controllers that are prescribed for daily
use.

Relievers (low-dose |CS-formoterol or SABA) are
rapid-onset bronchodilators. They are used “as
needed” (i.e. for quick relief of symptoms, including
during exacerbations). Using ICS-formoterol as a
reliever (often called an “anti-inflammatory reliever”
or “AlR") alsoreducestherisk of severe exacerbations,
compared with aSABA reliever, both with or without
maintenance controller treatment. SABA or ICS-
formoterol is aso recommended before exercise if
needed to prevent exercise-induced bronchoconstriction.

Add-on therapiesaremainly for patientswith difficult-
to-treat or severe asthma (see below). These include
addition of long-acting muscarinic antagonists
(LAMA), liketiotropium and biologicalslikeanti-1gE
(omalizumab), anti IL-5 (mepolizumab), IL-5 receptor
antagonist (benralizumab), anti 1L-4 al pha (dupilumab)
and anti-thymic stromal lymphoprotein (Tezepelumab).
However, these are rarely needed in the regular day-
to-day management of asthmaand should be used only
by specialized centers dealing with such situations.
When choosing medications, consider local guidelines,
regulatory approvals and affordability.t

Asthma control is defined as the extent in which the
features of asthma are apparent or have been reduced or
eliminated by controller treatment.! The treatment of achild
with asthma is decided based on whether he or she is
treatment naive or already getting treatment. Initial therapy
of achild with asthma, who isnot receiving any treatment,
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is decided based on the frequency of daytime/nocturnal
symptoms, activity limitation and risk of a future asthma
attack. At follow-up, asthma control is assessed as
controlled, partly controlled and uncontrolled. A child is
labelled aswell controlled if daytime symptoms have been
lessthan twice aweek, SABA usagelessthan twice aweek,
no night awakenings and no activity limitation. They are
evaluated for risk factorsfor asthmaflare-ups and treatment
is optimized stepwise after ensuring correct asthma
diagnosis, good compliance and inhal er technique (Figs.1
and 2). FEV, should be measured at the start of treatment,
after 3-6 monthsof controller trestment to record thechild’'s
personal best lung function and then periodically for
ongoing risk assessment.

Risk factorsfor exacerbations may be modifiable and
non-modifiable. An important modifiable risk factor is
having uncontrolled asthma symptoms. Additional
potentially modifiable risk factors for flare-ups
(exacerbations), even in patients with few symptoms
include:

e Medications: High SABA use (associated with
increased risk of exacerbations and mortality
particularly if >1 x 200-dose canister per month),
inadequate I1CS, not prescribed ICS, poor adherence
and incorrect inhaler technique

Other medical conditions: Obesity, chronic
rhinosinusitis, GERD, confirmed food allergy and
pregnancy

Exposures: Smoking, allergen exposure if sensitized
and air pollution

Context: major psychological or socioeconomic
problems

Lung function tests showing low FEV 1, especially
<60% predicted, high BD reversibility

Other major independent non-modifiablerisk factors
for flare-ups (exacerbations) include

e Ever intubated or in intensive care unit for asthma
e >1 severe exacerbation in last 12 monthst

The updated stepwise management of asthma as per
Global Initiative for Asthma (GINA) 2022 is summarized
inFig.1 and Fig.2.! The preferred step 1 treatment islow-
dose ICS taken whenever SABA is taken and single
maintenance and reliever therapy (SMART) is suggested
for step 3 and step 4 in children. The change in step 1
management isbased ontwo trials, the TREXA trial4, done
in 5-18 y of age and a pragmatic trial®, donein 6-17 y of
age. Overuse of SABAs (>3 x 200-dose a buterol canisters
per year) is associated with incrementally increasing risk
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of asthmaexacerbationsand mortality, including in patients
treated with SABA alone. Regular use of SABA, even 2to
4 times per day for 1-2 weeks, is associated with
[2-receptor downregulation, loss of bronchodilator
response, increased airway hyperresponsiveness and
increased airway inflammation.® Importantly, from a
cognitive and behavioural perspective, starting treatment
with SABA aone trains the patient to regard it as their
main asthma treatment, increasing the challenges for
adherence with any subsequent advice to take ICS every
day even when asymptomatic. Further, there is a risk of
severe exacerbations with SABA-alone therapy, and there
is a concern of poor compliance with daily ICS for mild
asthma. By contrast, in mild asthma, as-needed ICS-
formoterol decreases the risk of severe exacerbations
requiring oral corticosteroid (OCS) by >60% compared
with SABA alonet, including in patients without elevated
type 2 inflammatory markers, with a very small average
daily ICS dose.

Regular daily usein SMART isdefined as1to 2 puffs
once to twice daily. As needed use in SMART is defined
as 1 to 2 puffs every 4 hours as needed for asthma
symptoms, up to a maximum of 12 total puffs per day for
individualsaged 12 yearsor older.® In step 5, add-on therapy
may be used like long-acting muscarinic antagonist
(LAMA) or biological monoclonal antibody. Tiotropium,
aLAMA, isrecommended in children as add-on therapy.

Comorbid conditionssuch asalergicrhinitis, obesity,
obstructive sleep apnea, dysfunctional breathing,
gastroesophageal reflux, anxiety and stress should also be
assessed and treated. Addressing allergen exposure, indoor
and outdoor pollution and tobacco smoke exposure are
essential steps in asthma management. The recent expert
panel working group guidelines suggested multicomponent
allergen specific mitigation interventions (e.g., air purifiers/
filters, pesticides, mattress covers, etc.) only for those
asthma patients who had symptoms related to specific
allergens (confirmed by history or allergy testing), not for
all asthma patients.®

Sepping down to find the minimum effective dose

When good asthma control has been achieved and
maintained for 2-3 months, consider stepping down to find
thelowest effective step. Do not completely withdraw ICS,
except if needed temporarily while confirming the
diagnosis of asthma. Adults and adolescents with well-
controlled asthma while on daily low-dose controller
therapy can step down to either as-needed | CS-formoterol
or to as-needed ICS + SABA taken together.
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Fig.1. Updated asthma treatment as per GINA 2022 guidelines for children 5-11 y of age.

ICS - Inhaled corticosteroids; LABA Long acting beta-2 agonist; LAMA- Long acting muscarinic antagonist;
SABA-Short acting beta-2 agonist. Diagramreproduced fromJat KR, Gupta A. Recent Advancesin Long-Term Management
of Asthma. Indian Journal of Pediatrics 2022; 89(4):378-386.

Management of exercise-induced symptoms

For patients with dyspnoea or wheezing on exertion,
distinguish between exercise-induced bronchoconstriction
and symptoms due to obesity, poor cardiopulmonary
fitness, or alternative diagnoses such asinduciblelaryngeal
obstruction. For patients with exercise-induced
bronchoconstriction, prescribe 1CS-containing controller
treatment and advise sufficient warm-up before exercise.
Patients using as-needed | CS-formoterol as their reliever
can use the same medication before exercise, if needed,
and do not need a SABA inhder.

Per sonalised asthma treatment

Asthma had various phenotypes (clinical
presentations) and endotypes (distinct mechanistic
pathways). The asthma clinical phenotypes include’:
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(i) Allergic asthma: Asthma starting in childhood and it
is associated with personal or family history of atopy.
Sputum examination may reveal eosinophilsand they
respond well to ICS.

(ii) Nonallergic asthma: Thisasthmaisnot associated with
allergy, and sputum profile may be neutrophilic, pauci
granulocytic, or eosinophilic. These patients have a
short-lasting response to ICS.

(iii) Late-onset adult asthma: This asthma presents first
timein adults, mainly inwomen, and hasan inadequate
responseto ICS.

(iv) Asthma with persistent airflow limitation: In some
long-standing asthma, airway remodelling leads to
fixed or incompletely reversible airway obstruction.

(v) Asthmawith obesity: This asthma is associated with
obesity; patients may have less eosinophilic
inflammation but more asthma symptoms.
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Fig.2. Updated asthma treatment as per GINA 2021 guidelines for children >12 y of age.

ICS Inhaled corticosteroids, LABA Long acting beta-2 agonist; LAMA- Long acting muscarinic antagonist; SABA-
Short acting beta-2 agonist. Diagram reproduced from Jat KR, Gupta A. Recent Advances in Long-Term Management of
Asthma. Indian Journal of Pediatrics 2022; 89(4):378-386.

Two types of asthma endotypes had been described:
T-2 (type 2) high and T-2 low.2 T-2 high inflammation is
characterized by high eosinophils, high immunoglobin E
(IgE) and increased fractional exhaled nitric oxide (FeNO).
It results from increased activity of IL-4, IL-5and IL-13.

Therefore, biologicals active against IgE and these
T-2 high interleukins may be helpful for severe asthma.
In personalized asthma treatment, asthma management is
tailored to symptom control and treatment of modifiable
risk factors for asthma attack or poor asthma control and
considering asthma phenotype/endotype and patient/
parent’s preferences

Uncontrolled, difficult-to-treat and severe asthma

Uncontrolled asthma is defined as poorly controlled
asthmain theform of frequent daytime symptomsor rescuer
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use, night awakening or exercise limitation or having
>2 per year exacerbations or >1 per year severe
exacerbation requiring hospital admission.® Difficult-to-
treat asthma is defined as uncontrolled asthma despite a
medium to high dose of ICS and another controller
medication or maintenance oral steroids (GINA step-4 or
step-5 treatment). It may be dueto incorrect diagnosis, poor
compliance, poor inhaler technique, or comorbidities in
the majority.

Severe asthmaisdefined as poorly controlled asthma
despite a high dose of inhaled corticosteroids (ICS) along
with a second controller drug with good compliance and
technique, and treatment of comorbidities. Severe asthma
issometimes called severerefractory asthmaand it accounts
for a subset of difficult-to-treat asthma. Severe asthma
accounts for about 5%-10% of overall asthma.
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Fig.3. Management of severe asthma based on GINA 2022 guidelines.

LAMA Long-acting muscarinic antagonist. Diagram reproduced from Jat KR, Gupta A. Recent Advancesin Long-Term
Management of Asthma. Indian Journal of Pediatrics 2022; 89(4): 378-386.

Severe asthma in children should be managed by a
multidisciplinary team at a specialized centre by experts
in Pediatric pulmonology using pediatric-specific
guidelines. The children with severe asthma should be
evaluated for the clinical or inflammatory phenotype to
decide on add-on therapy. The assessment includes atopy
(eczema, dlergic rhinitis), blood eosinophil levels, FeNO,
sputum eosinophils, total IgE, aspergillus-specific, or other
allergens-specific IgE and chest radiograph or HRCT chest.
An algorithm for the management of severe asthma is
summarized in Fig.3.3 Type 2 airway inflammation is
characterized by blood eosinophils >150/uL, FeENO
>20 ppb, sputum eosinophils >2%, allergic asthma or
requiring oral maintenance steroids.* If Type 2 responseis
there, consider biologicalsasper eligibility and giveatrial
for at least 4-6 months. If there is a good response to
biologicals, titrate the other therapy and decide the duration
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of it. However, these cases should best be managed in
higher centers with experience in handling such children.

Asthma exacerbations or ‘flare-ups

Asthma exacerbations represent acute or subacute
worsening in symptomsand lung function fromthe patient’s
usual status. In some cases, a patient may present for the
first time during an exacerbation. All patients should be
provided with a written AsthmaAction Plan. Action plan
recommendations for responding to worsening asthma
depend on the patient’s usual therapy.

Patients prescribed as-needed | CS-formoterol astheir
reliever, either alone or in MART, should increase their
as-needed doses as symptoms increase. Those on a
maintenance |CS-containing controller should increase to
a high dose temporarily (e.g. for 1-2 weeks).
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Assess exacerbation severity from the patient’s mental
state, degree of dyspnoea, vital signs, oxygen saturation,
and lung function (PEF or spirometry) while starting
treatment with repeated administration of SABA (in most
patients, by pressurized metered-dose inhaler and spacer)
and controlled flow oxygen (sufficient flow to maintain
oxygen saturation at 93-95% for adults, 94-98% for
children 6-11 years), if available. Repeated administration
of salbutamol (up to 4-10 puffs every 20 min for the first
hour) is effective for rapidly reversing airflow limitation.*
Avoid nebulization except for life-threatening asthma;
delivery of rapid-acting f2-agonist via a pressurized
metered-doseinhaler and spacer or viaadry-powder inha er
is as effective in patients with moderately severe acute
asthma and avoids the risk of disseminating infectious
particles. Current evidence does not support the routine
use of intravenous P2-agonists in patients with severe
asthma exacerbations. Start OCS early after presentation
with prednisolone 1-2 mg/kg (maximum, 20 mg in children
0-2years, 30 mginchildren 3-5yearsand 40 mginchildren
6 years and above) or dexamethasone 0.6 mg/kg/day for
3-5 days. Tapering is not needed if administered for
<2 weeks. Review response of symptoms, vital signs,
oxygen saturation and lung function after 1 h (or earlier if
worsening). Give ipratropium bromide only for severe
exacerbations. Consider intravenous magnesium sul phate
for patients with severe exacerbations not responding to
initial treatment.

Diagnosisand management of asthmain children below
5yearsof age

Recurrent wheezing occurs in a large proportion of
children 5 years and younger, typically with viral
respiratory infections. Recognising when thisistheinitial
presentation of asthmais difficult. In young children with
ahistory of wheezing, adiagnosisof asthmaismorelikely
if they have any of the following:

e Wheezing or coughing that occurs with exercise,
laughing, or crying, particularly in the absence of an
apparent respiratory infection.

e Allergic sensitization, eczema, allergic rhinitisor food
allergy or asthmain first-degree relatives.

¢ Clinical improvement during 2-3 months of controller
treatment and worsening after cessation.

Itisparticularly important in thisage group to consider
and exclude alternative causes of wheeze, cough and
breathl essness.
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Wheezing episodes in young children should be
treated initially with inhaled SABA, regardless of whether
the diagnosis of asthmahasbeen made. A trial of controller
therapy (e.g. for 3 months) should be givenif the symptom
pattern suggests asthma, alternative diagnoses have been
excluded and respiratory symptoms are uncontrolled and/
or wheezing episodes are frequent or severe (GINA).
The response to treatment should be reviewed before
deciding whether to continue it. If the response is absent
or incompl ete, reconsider alternative diagnoses. The choice
of inhaler device should be based on the child's age and
capability. The preferred device is a pressurized metered-
dose inhaler and spacer, with a face mask for children
younger than 3 years and a mouthpiece for most aged
3-5 years. Children should be switched from a face mask
to a mouthpiece as soon as they can demonstrate good
technique.

The treatment steps are as follows:
Step 1

Provideinhaled SABA for relief of wheezing episodes.
A need for SABA morethan twice aweek on average over
1 month indicates the need for a trial of controller
medication. NAEPP recommends In children aged
0-4 yearswith recurrent wheezing triggered by respiratory
tract infections and no wheezing between infections,
starting a short course of daily ICS at the onset of a
respiratory tract infection with as-needed SABA for quick-
relief therapy, as opposed to as-needed SABA for quick-
relief therapy only.®

Step 2

The preferred option is regular, daily, low-dose ICS
plusas-needed SABA, givenfor at |east 3 months. Regular
montelukast isless effective than low-dose | CS and parents/
caregivers should be counselled about potential neuro
behavioural adverse effects, asin asafety-related warning
from the US Food and Drug Administration.

Step 3

The preferred option is to step-up to double the
low ICS dose. However, before doubling the dose, one
should check for concomitant or alternative diagnoses,
check and correct inhaler technique and adherence and
ask about risk factors such as exposure to allergens or
tobacco smoke. ICS-LABA is not recommended in
children <4 yearsold, asthere areinsufficient data about
efficacy and safety.
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Step 4

Refer the child for expert advice if symptoms and/or
flare-ups persist, or at any timeif side effects of treatment
are observed or suspected, or if there are doubts about
diagnosis.

Primary prevention of asthma

The development and persistence of asthmaare driven
by gene-environment interactions. For children, a“window
of opportunity” to prevent asthma exists in utero and in
early life, but intervention studies are limited.
Current advice and recommendationsfor preventing asthma
in children, based on high-quality evidence' or consensus,
include the following:

e Avoid exposure to environmental tobacco smoke
during pregnancy and after birth.

Encourage vagina delivery where possible.

Where possible, avoid the use of paracetamol and
broad-spectrum antibiotics during thefirst year of life

Identification and correction of vitamin D
insufficiency inwomen with asthmawho are pregnant,
or planning pregnancy, may reduce the risk of early-
life wheezing episodes, but not asthma.

Allergen avoidance strategies directed at a single
allergen have not been effectivein preventing asthma.

Multifaceted strategies may be effective, but the
essential components have not been identified.
Breast-feeding is advised for its general health benefits.

Over the past 2 years there have been many advances
made in the understanding of the natural course, risk
factors, mechanisms and optimal treatment of asthma.
Aswe have noted above, many findings have opened novel
avenues for prediction of disease progression and
intervention. A greater understanding of the mechanisms
underlying responses and nonresponses to novel
therapeutics and across asthma phenotypes also would be
beneficial. Regarding difficult-to-treat asthma or severe
therapy resistant asthma, the majority of asthmain children
can be controlled with conventional treatments and
pediatric studies investigating the efficacy of newer once
daily combined ICS/LABA preparations (eg., Fluticasone
furoate-vilanterol) and SMART regimens are an urgent
unmet need. If undertaken carefully, there is potential to
effectively manage the majority of children with difficult-
to-treat asthmawith these newer approaches. Itisimportant
to remember, there are a group of children in whom all
attempts to optimize therapy adherence may not work and
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the only way to keep these “refractory” children safe may
be prescription of abiological, asasteroid-sparing therapy,
that can be administered as directly observed therapy in
hospital .°

Points to Remember

Asthma is diagnosed by typical history with
characteristic symptoms and evidence of variable
expiratory airflow limitation obtained from
bronchodilator reversibility testing or other tests.

Risk factorsfor exacerbations may be modifiableand
non-modifiable and an important modifiable risk
factor is having uncontrolled asthma symptoms.

Thepreferred step 1 treatment islow-dose | CStaken
whenever SABA is taken, and SMART (single
maintenance and reliever therapy) is suggested for
step 3 and step 4 in children as per GINA 2022
guidelines.

The children with severe asthma should be evaluated
for theclinical or inflammatory phenotype to decide
on add-on therapy.

Primary prevention strategies include encouraging
vaginal delivery where possible, avoidance of
exposure to environmental tobacco smoke during
pregnancy and after birth, and it also includes
avoiding theuseof paracetamol and broad-spectrum
antibiotics during the first year of life.
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CLIPPINGS

Antiseizure medication at discharge in infants with hypoxic-ischaemic encephalopathy: An observational
study

Thisretrospective study aimed to assess variability in continuation of antisei zure medication (ASM) at discharge
and to evaluate if continuation of ASM at discharge is associated with death or disability among infants with
hypoxic-ischaemic encephal opathy (HIE) and seizures.

The study enrolled infants with HIE who survived to discharge and had clinical or electrographic seizures and
weretreated with ASM from three National Institute of Child Health and Human Development Neonatal Research
Network Trials of therapeutic hypothermia from 22 US centres.

Patients who were discharged on ASM were taken as cases and those whose ASM was discontinued at discharge
served as control. The outcomes were death or moderate-to-severe disability at 18-22 months. Multivariable
logistic regression eval uated the associ ati on between continuation of ASM at discharge and the primary outcome,
adjusting for severity of HIE, hypothermiatrial treatment arm, use of el ectroencephal ogram, discharge on gavage
feeds, Apgar Score at 5min, birth year and centre.

302 infants were enrolled of which 61% were continued on ASMs at discharge. Electroencephalogram was
done in 92% of the cohort. Infants with severe HIE comprised 24% and 22% of those discharged with and
without ASM, respectively. Therisk of death or moderate-to-severe disability was greater for infants continued
on ASM at discharge, compared with those infants discharged without ASM (44% vs 28%).

The study concluded that in infantswith HIE and seizures, continuation of ASM at discharge may be associated
with a higher risk of death or disability at 18-22 months of age.

Sewell EK, Shankaran S, McDonald SA, Hamrick S, Wusthoff CJ, Adams-Chapman | National I nstitute of
Child Health and Human Devel opment Neonatal Research Network, et al. Antiseizuremedication at discharge
in infantswith hypoxic-ischaemic encephal opathy: an observational study. Archivesof Diseasein Childhood
- Fetal and Neonatal Edition 2023; 108:421-428.

NEWS & NOTES

OOTY NEOCON 2023
Workshop 20" October 2023

REGISTRATION TARIFF

2023; 25(2):143

Category Up-to 15" September Upto 10" October On Spot Registration
Consultants 6490 7080 7670
PG students 5900 5900 6490
Nurses 3540 3540 4130
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PULMONOLOGY

BRONCHIOLITIS - RECENT UPDATE

* Hema Gupta Mittal
* Sonia Bhatt

Abstract: Bronchiolitis is a common respiratory illness
ininfantswhich contributes considerably to hospitalization
There are many variations in practice in diagnosing,
monitoring and managing bronchiolitis. The focus of this
review is on updates on various diagnostic and treatment
recommendations which will be helpful to practicing
pediatricians. Bronchiolitis is a clinical diagnosis.
No recommendation exists for routine use of laboratory /
radiological investigations. Most guidelines recommend
fluid management and oxygen and supportive care as
mainstay of treatment. Evidence suggests no benefit with
the use of salbutamol, glucocorticoids and antibiotics.
Parental education and counselling remain essential.

Keywords: Bronchialitis, Hypertonic saline, Seroids,
Adrenaline, Oxygen therapy, Heated humidified high flow
nasal cannula.

Bronchiolitis in infants contributes to considerable
morbidity and mortality not only in developed nations but
also in developing countries. There are variations in
practices both in the diagnosis and management of this
disease. This article focuses on existing guidelines and
recommendations across the world.

Definition, burden and epidemiology

Bronchiolitis previously was defined as“aviral lower
respiratory tract infection characterized by obstruction of
small airways caused by acute inflammation, edema and
necrosisof theepithelial cellsliningthe small airwaysaong
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with increased mucus production that typically presents
with a first episode of wheezing before the age of
12 months’.* Later the American academy of pediatrics
(AAP) guidelinesdefined bronchiolitisas“aconstellation
of clinical signs and symptoms occurring in children
younger than two years, including aviral upper respiratory
tract prodromefollowed by increased respiratory effort and
wheezing,” excluding children with recurrent wheezing.?
Bronchiolitisis broadly defined asaclinical syndrome of
respiratory distress that occursin children <2 years of age
and is characterized by upper respiratory symptoms
(eg, rhinorrhea) followed by inflammation of the small
airway/bronchioles, resulting in symptoms of respiratory
distress along with wheezing or crackles.®
Common essential feature in these definitions is that the
first episode of viral-triggered wheezing in children under
age two yearsis considered as bronchioalitis.

Viral infections have been identified as the most
common etiological agents for bronchiolitis. Respiratory
syncytial virus (RSV) isthe most common virus attributing
to bronchiolitisin children. It has been estimated that RSV
infects more than 60% of all infants during the first year
of life.*> The estimated global burden of RSV-caused
infections in under 5 children was reported being
approximately 33 million (range: 21.6-50.3 million), with
3.2 million hospitalizations (range: 2.7-3.8 million) and
120,000 deaths (range: 94,000-149,000) annually® ” with
increasing intensive care admissions.®® Exact prevalence
datafrom Indiaisnot available however in various studies
high rate of RSV-associated lower respiratory tract
infections (LRTI) has been found in pre-term and term
infants beyond six months of age extending up to two years
of life.10

Other viruses causing bronchiolitis are rhinovirus
(RV), parainfluenza virus, metapneumovirus (MPV),
influenza virus, human bocavirus and adenovirus.*
At present evidence on whether coinfections may lead to
severe disease is contradictory.2

Clinical manifestations and outcome

Bronchiolitis usualy presents as mild, self-limiting
condition in most infants, but in some may progress to
severerespiratory distressand respiratory failure. It usualy
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beginswith symptoms of upper respiratory tract infection
with cough, rhinorrhea, fever and followed by difficulty
in breathing and feeding. Low oxygen (O,) saturation
levels, apnea, lethargy, dehydration and fever are common
in bronchialitis. Clinically there will be tachypnea and
dyspneawith, crackles and/or wheezing on auscul atation.™

The symptoms usually peak between 3-5 days of
illness and improvement occursin 7-14 days, with 90% of
infants having a resolution of cough within 2-3 weeks.
The underlying causes for variable course are poorly
understood and may be disease severity, comorbidities,
genetic predisposition and immunological/ inflammatory
responses.'4

Risk factorsfor seriousillnessinclude gestational age
<37 weeks, failure to thrive, chronic lung disease,
congenital heart disease, age at presentation<10 weeks,
breast fed for <2 months, associated neuromuscular
diseases or immunodeficiency, environmental and social
factors.>1% Several clinical scores are available to guide
treatment.

Pediatric early warning score (PEWS) which is a
reliable score for predicting clinical deterioration in
pediatric patients can be used in predicting deterioration
in infants with bronchiolitis too.*” Others include Wang
Bronchiolitis Severity Score (WBSS), Kristjansson
Respiratory Score (KRS), mTAL score and Global
Respiratory Severity Score (GRSS). Most of the scores
use vital parameters and the clinical conditions.®

Criteria for hospitalization include low oxygen
saturation (<90-92%), moderate-to-severe respiratory
distress, dehydration and presence of apnea. Childrenwith
pre-existing risk factors should be carefully assessed.’%%

Differential diagnosis

In a child presenting with fever and crackles,
bronchopneumonia isan important differential diagnosis.
Vira-induced wheeze or early-onset asthmain older infants
and young children should be thought off if they have
persistent wheeze without crackles or recurrent episodes
of wheezeinthebackground of personal or family history
of atopy.®!* Viral myocarditis is a close mimic of
bronchiolitis. Disproportionate tachycardia, lethargy,
forehead sweating, muffled heart sound and gallop should
raise the suspicion of myocarditis and if chest skiagram
shows cardiomegaly, echo cardiogram needsto be done. 4

Outcome and sequel

The most common sequelae is the development of
recurrent wheezing or asthma later in childhood.
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Although, the reported risk varies from 20% to 60% in
infants with severe bronchiolitis (particularly infants
<6 months of age).??? Asthma may occur with increased
frequency ininfantswith atopy or family history of atopy.
Other rare complication include development of
bronchioalitis obliterans.?*

Recommendations on investigations

Asbronchialitisisaclinical diagnosis noinvestigation
isrequired in majority of infants1>1719.25-27

e Blood tests: Complete blood count and blood cultures
are not recommended and have no rolein management
unlessthereisaclinical suspicion of sepsis.’>

Arterial blood gasanalysis: Isindicated only in severe
respiratory distress or respiratory failurewho need
intensive care treatment.'516.1°

Chest X-ray (CXR) : Is done not to diagnose
bronchiolitisbut toidentify mimics and complications
as well. Chest radiographs can reveal hyperinflation,
atelectasisor infiltrates, which may not reflect disease
severity or help in management.?

Lung ultrasound: Lung ultrasound is not routinely
indicated in bronchiolitis but may help to identify
complications in bedside.

Virologica testing: Use of nasopharyngeal swab or
aspirate for respiratory viruses are not routinely
indicated in diagnosis and management of
bronchiolitis. These may be donein admitted children
for cohorting, decreasing antibiotic use and
epidemiological surveillance. The Real-time
polymerase chain reaction (RT- PCR) remainsthe gold
standard diagnostic test. High costs of these tests
may prevent their routine used in resource poor
Settl ngSIlS,IG,lQ

Urine microscopy and culture : Indicated if thereisa
clinical suspicion of urinary tract infection.63%32

Pulse oximetry: Guidelines do not recommend
continuous saturation monitoring though it may be
needed if disease severity increases. Indicated in all
children along with clinical monitoring and not a
routine.s 1619

Recommendations on management
I. Indications for hospitalization and discharge

a. Child with bronchiolitis without respiratory distress
can be managed at home with counselling and
education of parents about signs of worsening.
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Hospitalization is recommended in those with,
inability to maintain adequate hydration, having O,
saturation persistently below 92% and those infants
withrisk factorsfor severe disease (prematurity, BPD,
congenital heart disorder, cystic fibrosis,
neuromuscular disease, Down syndrome).
Rapid deterioration,>*"1° poor oral intake, respiratory
rate >70/minute, infants < 3 months and low
confidence level of caretakers are other indications
for hospitalisation.t’

Criteriafor dischargeinclude child’sability to maintain
saturation above 93% in room air without respiratory
support, ableto take oral feedsadequately, and genera
condition of child becoming stable.’>*"1

I1. Treatment recommendations

Treatment recommendations are mainly supportive
and are aimed to control respiratory and systemic
symptoms.*-%” Following are the evidence-based
recommendations in the management of bronchiolitis

a) Clearingthenasd cavity: Nasal suctionisnot routinely
recommended in older infants. A superficial nasal
suction may be donein young childrenwith nasal block
which may help to improve the nasal airway patency
and to some extent oxygen saturation. Deep nasal
suction is not recommended routinely.'>171°

b) Respiratory support and oxygen therapy: Oxygen
support is recommended to those children with
hypoxia whose saturation is persistently below 92%.
Thelevelsof O, saturation used asaguidefor starting
supplemental O, therapy ranges from <90% to <95%
among guidelines.™>° It may be administered through
a simple nasal prongs or non-rebreathing mask

depending on the level of hypoxia

Heated humidified high flow, nasal cannula (HHHFNC)
therapy: Heated humidified high flow oxygen via nasal
cannulashould be considered asmodality of choiceinthose
with hypoxia and moderate to severe retractions.>1%
Evidence shows that HHHFNC can improve respiratory
scores, respiratory rateand o, saturation faster than standard
low flow oxygen therapy and may reduce the frequency
of infants going in for respiratory failure.
Also HHHFNC treatment has been shown to reduce the
need for intubation and invasive ventilation if started in
emergency room in those with severe respiratory distress
on presentation.?® It has to be noted that HHHFNC does
not modify the disease pathology but is only a better way
of administering oxygen and reducing the energy
expenditure of the body by its heated humidified supply of
oxygen at supraphysiological flow.
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¢) Continuous positive air pressure (CPAP) (Nasal):
This modality of non-invasive respiratory support is
frequently used . It generates a positive end-expiratory
pressure (PEEP) which counteracts airway resistance
and prevents atelectasis.®

In general, the hypoxemia can be treated with low-
flow oxygen administered vianasal prongs at rates of up
to 2-3 L/min, or by HHHFNC therapy.*® Initia high-flow
rate of 2 L/kg/min in HHHFNC improves respiratory
mechanics and breathing effort. Oxygen supplementation
should be continued till child is able to feed and maintain
saturation above 93%.516

d. Hydration maintenance: Feeds may be given by
nasogastric or orogastric tube if they are not able to
take adequatefluidsorally. Intravenousisotonic fluids
may be started in those children who do not tolerate
nasogastric or orogastric feedsor have severe disease
or impending respiratory failure.®

Chest physiotherapy: Chest physiotherapy need not be
given except in those with comorbidities(e.g., spinal
muscular atrophy, severe tracheomalacia) to improve
mucus clearance.’>1"1°

M edications

e Inhaled B2 Agonist-:These are not recommended in
treatment of bronchiolitis. Salbutamol (albuteral) in
infants does not improve O, saturation, duration of
symptoms or length of hospital stay and there is a
potential risk of harm. %14

Nebulized adrenaline: Nebulized adrenaline is being
used in majority of centres as first line therapy for
moderate to severe bronchiolitis. It can reduce the
edema of the mucosain nasal cavity. Due to its short
duration of action and potential adverse effects,
nebulized adrenaline is not recommended.>1"19

Nebulized and systemic steroids: Both treatments do
not prevent hospital admission, do not affect thelength
of stay in hospital and do not improve short and long-
term outcomes in patients with bronchiolitis.*-4
Using nebulized and systemic corticosteroids alone
or in combination with other therapies (epinephrine
or bronchodilators) in treating acute bronchiolitis is
not recommended.*>1719

Nebulized 3% hypertonic saline: Multiple randomized
trails and systematic reviews on usage of nebulized
3% saline in bronchiolitis in infants have concluded
insignificant reduction in severity or duration of
hospital stay.***Based on currently available evidence,
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nebulized 3% saline is not presently being
recommended in treatment of bronchiolitis.*>

Combined bronchodilator and corticosteroids aso do
not have any proven efficacy."”

Antibiotics: The use of antibiotics in bronchiolitis is
not recommended except in cases with a strong
suspicion or clear evidence of a secondary bacterial
infection.™>*” There is no data supporting benefits
with the use of macrolides in children with

bronchiolitis.*>*:

e Antivirals and other therapies: Antivirals (ribavirin)

2023; 25(2):147

e Other therapies: Medicationslike montel ukast, inhaled

DNase, inhaled furosemide, inhaled ipratropium
bromide, magnesium sulphate, helium, surfactant and
methylxanthine in children with acute bronchiolitis
are not supported by the current evidence.’>1"%°

Evidences of various treatments in bronchiolitis are

summarized in Tablel.

I11. Preventive strategies

Certain preventive strategies should be followed to

reduce the prevalence, morbidity and severity of

isnot recommended by guidelinesfor management of o

bronchiolitis.1>171°

bronchialitis. These may include:

Environmental prophylaxis: Exposure to tobacco
smoke must be discouraged.*” Frequent handwashing

Table I. Summary of evidence of various treatments in bronchiolitis!5-17:19

Treatments Indications Evidence quality recommendation / Strength
Supportive treatment | Recommended Evidence Quality:
A Recommendation Strength: Strong
Oxygen therapy Recommended (when S00,<92%) Evidence Quality:
A Recommendation Strength: Strong
HFNC Recommended when standard subnasal Evidence Quality: B

supplemental O, failsin infants who
are hypoxic. (It should not be used as
a primary treatment modality)

Recommendation Strength: Moderate

Nebulized hypertonic
saline solution Inhaled

Not Recommended

Evidence Quality: B
Recommendation Strength: Strong

Bronchodilators

Not Recommended

Evidence Quality:A
Recommendation Strength: Moderate

Chest physiotherapy

Not Recommended

Evidence Quality: B
Recommendation Strength: Strong

Nebulised adrenaline

Not Recommended

Evidence Quality: A
Recommendation Strength: Strong

Nebulised steroids

Not Recommended

Evidence Quality: A
Recommendation Strength: Strong

Systemic steroids

Not Recommended

Evidence Quality: B
Recommendation Strength: Strong

Antibiotics

Not Recommended (Except in case of
strong suspicion or clear evidence of a
secondary bacterial infection)

Evidence Quality: B
Recommendation Strength: Strong
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and decontamination of hands using alcohal solutions
by parents or caregiversand other household contacts
are recommended. Cleaning of solid surfaces using
water and disinfectants or sodium hypochlorite is
strongly supported. Sharing kitchen utensils and
personal effects must be avoided.

Exclusive breastfeeding for at |east six months should
be encouraged.*®4°

¢ Prophylaxis with monoclonal antibodies:

R/

<+ Theonly currently licensed immunoprophylaxis
for RSV is the monoclonal antibody (mAb)
palivizumab produced by recombinant DNA
technology and targeting the fusion (F) protein
of the virus. Palivizumab effectively reduces
hospitalization and prevents lower respiratory
tract infections in preterm infants. It is
administered via intramuscular injection once
each month during the RSV season for five doses
(i.e. 15 mg/kg).

< A newer mAb, nirsevimab, has been recently
approved. It offers protection of 5 months,
enabling coverage of the entire RSV season with
a single intramuscular dose. In a recent study,
Nirsevimab reduced medically attended
RSV-associated LRTI by 70% and RSV
hospitalization by 78% versus placebo in healthy
preterm infants.505t

Palivizumab prophylaxis during RSV season

(November-March) is recommended as follows. =719

a. Infants of gestational age < 29 weeks and age

<12 months

. Infants of 29-35 weeks gestational age and age
< 6 months

. Infants diagnosed with BPD (during their first year of
life)

. Infants with hemodynamically significant congenital
heart disease

. Immunoprophylaxis can be considered for infantswith
cystic fibrosis, Down syndrome, congenital
diaphragmatic hernia, neuromuscular diseases and
immunodeficiency

Points to Remember

e Bronchiolitisis a common condition in infants and

children under 2 years of age and diagnosed on the
basis of history and clinical examination.
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Respiratory syncytial virus remains the most
common cause.

It may be mildly symptomatic or lead to a severe
disease with fulminant course and respiratory
failure.

Themainstay of treatment remainssupportivein the
form of humidified oxygen therapy, adequate
hydration and proper nutrition.

There is no role of nebulised drugs (salbutamol,
adrenaline, steroids, magnesium sulphate),
antibiotics, azithromycin, antivirals or chest
physiotherapy in routine management.

In severe bronchiolitis with respiratory failure,
HHHFNC and other non invasive respiratory
support have been successful in reducing the need
for invasive ventilation.

Preventive strategies includes hand hygiene and
immunoprophylaxis in preterm infants.
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PULMONOLOGY

MANAGEMENT OF CHILDHOOD
TUBERCULOSIS

* Kalpana S

Abstract : The National Srategic Plan 2017-2025 has set
an ambitioustarget of elimination of tubercul osisby 2025.
InIndia, an estimated 3.33akh childreninthe 0-14 years
age group become ill with tuberculosis each year which
contributes to 28% of global childhood tuberculosis
burden. Improving the diagnostic and treatment strategies
in children will contribute in a major way in controlling
this menace. Investigations for the diagnosis includeboth
radiological and microbiological. Treatment includes
preventive strategies, treatment of drug sensitiveand drug
resistant tuberculosis.

Keywords. Cartridge based nucleic acid amplification
test, Treatment regimen, Preventive therapy.

Managing tuberculosis in children is a challenge as
the diagnostic and treatment approaches employedin adults
are not directly translatable to the pediatric population.
Newer molecular diagnostics like cartridge based nucleic
acid amplification have revolutionized case diagnosis.
Newer treatment regimens have been proposed that can
significantly shorten the treatment duration. This article
focuses on the diagnostic modalities and treatment
strategies in the management of tuberculosis.

I. Investigations

Chest X-ray: X-rays still remain the first line of
investigation in children with symptoms of presumptive
tuberculosis. The algorithm recommended by National
tuberculosis elimination programme (NTEP) for children
recommend classifying X-raysasthosethat are suggestive
of TB like milliary pattern, fibrocavitory disease and hilar
or mediastinal lymphadenopathy or X-rays with
nonspecific findings- like consolidations, non-homogenous
or ground glass opacities and thin walled cavities.!

The importance of characterizing X-rays lies in the
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fact that symptomatic children with radiological findings
suggestive of tubercul osis can be subjected to nucleic acid
amplification tests (NAAT) like GeneXpert or Truenat
upfront. Children with presumptive symptomswhose chest
X-ray is not suggestive of TB must be given a course of
antibiotics and if they do not improve clinically and
radiologically, are subjected to further evaluation by NAAT.
Antibiotics like linezolid and fluroquinolones should not
be used, as they have anti TB action and may show a
temporary improvement in symptoms.

Theinterpretation of chest X-rays (CXR) remains an
important skill and the impact of rotation, phase of
respiration, exposure, motion artefacts and confounders
like thymic shadows should al betakeninto account during
interpretation.

However, despite the high sensitivity when interpreted
by experienced radiol ogists, CXR hasitschallenges, mostly
duetoitsmodest specificity and high inter and intra-reader
variability.

In a rapid communication in 2020,
WHO recommended computer assisted detection (CAD)
software for the automated interpretation of chest
radiograph.? Thistechnology may be used asan alternative
to human reader interpretation of plain digital CXR for
TB screening and triage among adults and adol escents more
than 15 years of age. Such machine learning and deep
learning technologies in CAD might aso be utilized for
interpretation of X-rays in younger children in the near
future.

Microbiological diagnosis: Obtaining representative
samples is the corner stone of getting a microbiological
diagnosis.

Resting gastric juice (RGJ)/Gastric lavage (GL): Thisis
the preferred method of collection of sample used in
children who cannot produce arepresentative sample either
by expectoration or induced sputum. Ideally gastric
aspiration on each of two consecutive mornings should be
performed. Thisisthe number that seemsto maximize the
yield. The samples can be pooled for NAAT. RGJ is
preferably donein hospitalised children. Gastric aspiration
is generally not an aerosol-generating procedure.
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Thefollowing points need to be adhered while performing
RGJ

e Performing the test properly usually requires two
people (one doing the test and an assistant). The child
should fast for at least 4 hours (3 hours for infant)
before the procedure.

e After collection of gastric juice, add an equal volume
of sodium bicarbonate solution to the specimen (in
order to neutralize the acidic gastric contents and so
prevent destruction of tubercle bacilli). Thisisacritical
step especidly if the contents are being subjected to
cultures.

e |f it islikely to take more than 4 hours for the
specimens to be transported, place them in the
refrigerator (4-8 °C) and store until transported.

e RGJ may be done as an ambulatory procedure with
somelossinyield.

Sputum induction: Sputum induction does not require
overnight hospitalization and can be performed in an out-
patient setting. The yield from one induced sputum
(IS) sample has been found to be equivalent to three GL
samples.® Thishas shifted clinical practicetoincludelSas
adiagnostic procedure in young children and infants with
suspected pulmonary tuberculosis (PTB). The safety of 1S
ininfantsand young children is now well established with
thousands of procedures having been performed with no
documented serious adverse events. Recent studies have
shown that this procedure can safely be performed evenin
young infants. Samples have been successfully collected
from children asyoung as 1 month of age.® It isimportant
to note that, unlike gastric aspiration, sputum inductionis
an aerosol-generating procedure.

Expectorated sputum: Expectorated sputum sampling can
be performed in older children and adolescents.
The procedureis asfollows: Instruct the child to take two
deep breaths, holding the breath for a few seconds after
each inhalation and then exhaling slowly. Ask him to
breathe in athird time and then forcefully blow theair out.
Then, breathe in again and proceed to cough. This should
produce sputum from lower respiratory tract. The sputum
container isheld closeto thelipsand sputumis spit into it
gently after a productive cough.

Nasopharyngeal aspirate (NPA):Nasopharyngeal aspiration
is an attractive diagnostic procedure, requiring minimal
facilitiesand training. Since passing anasal cannulaélicits
acough reflex in many children, NPA may be regarded as
aform of sputum induction. The New WHO Consolidated
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Guidelines for Management of Tuberculosis in Children
and Adol escents, 2022 recommendsthe use of Xpert MTB/
RIF Ultrain nasopharyngeal aspiratein addition to gastric
lavage and sputum for the diagnosis of pulmonary
tuberculosis.* Two drops of sterile saline areinstilled into
each nostril and the nasopharynx issuctioned using asterile
catheter with a mucus trap.

Stool sample: The WHO guidelines also recommend the
use of stool as an aternative to other specimensincluding
gastric lavage (GL), sputum and nasopharyngeal aspirate
(strong recommendation, moderate certainty of evidence).

A Cochrane meta-analysisreported that sensitivity and
specificity of Xpert MTB/RIF Ultra (Ultra) in stool
specimens as 53% and 98%, respectively, whilein GL, it
was 64% and 95%.° Ultrais more sensitive than X pert for
stool and GL is more sensitive than stool for diagnosis of
childhood TB. While stool iseasier to collect as compared
to other specimens, it needs special processing techniques.
Adoption of stool for TB diagnosisby NTEPislimited by
the need to retrain the personnel in processing techniques,
lower sensitivity, and nonavailability of Ultra.

Bronchoalveolar lavage: Broncho alveolar lavage (BAL)
isaless popular sample, asit isan invasive procedure and
also the yield seems to be lower than multiple gastric
aspirates.

Microbiological diagnosis must be attempted in all
cases of presumptive tuberculosis. The preferred number
of samples for microbiological diagnosisis given below.

e Smear for acid fast bacilli - 2 samples
e WHO approved NAAT - 1 sample
e Culture- 1 (pooling of samplescanincreasetheyield)

e CSF - Amount of CSF that can be safely collected:
In the neonate, 2ml in total can be safely collected
and in an older child 3 to 6 ml can be sampled
depending on the child's size. If the sample obtained
is very minimal, the sample be processed for Xpert
MTB/RIF rather than culture.

e Pleural fluid is a suboptimal sample for the bacterial
confirmation of pleural TB, using any method.
A pleural biopsy is the preferred sample.
The sensitivity of Xpert MTB/RIF in pleura fluid is
very low.

Nucleic acid amplification tests (NAATS)

The pros and cons of the currently available NAATs
approved under NTEP are given in Table|.
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Table I. Nucleic acid amplifications tests under NTEP

Truenat® M TB-RIF Dx

XpertMTh /Rif

Both use PCR to detect Mycobacterium tuberculosis (M. Th) and rifampicin sensitivity

Developed an Indian firm - Molbio

Cephaid, USA

to the chip

Requires a 2 step process - DNA extraction and then addition

e Fully automated

Technician time - 20 - 30 min

Techniciantime—-5 min

interface for data sharing

Portable, battery operated, direct connectivity with mobile

Requires continuous power supply,
airconditioning, data sharing is through a
computer

Limit of detection - 105 colony-forming units (CFU)

Detects 112 CFU (with Xpert Ultra-16 CFU)

Specimens that can be processed by either Xpert
MTB/RIF/Xpert MTB/RIF Ultra include GL, sputum,
nasopharyngeal aspirate, stool and BAL. Other samples
that can be processed include CSF, lymph node aspirate
and biopsy, pleural fluid, peritoneal fluid, pericardial fluid,
synovia fluid or urine specimens.

In HIV-positive adults and children with signs and
symptoms of disseminated TB, Xpert MTB/RIF may be
used in blood, asaninitial diagnostic test for disseminated
TB.

Xpert MTB /RIF ULTRA™: Thelimit of detection of Ultra
islower (16 CFU per ml compared with 112 CFU per ml
with Xpert).® Initial assessments have shown better
performancein specimens contai ning low number of bacilli
like those from Human Immunodeficiency Virus (HIV)
positive persons, pediatric specimens and extrapulmonary
specimens especially CSF. Rifampicin resistance is also
detected more accurately. In the 2022 WHO guidelines,
itisrecommended that for children aswell aspeopleliving
with HIV who are being evaluated for pulmonary
tuberculosis (PTB), and for persons being evaluated for
extrapulmonary tuberculosis(EPTB), the*M. tuberculosis
complex (MTBC) detected trace” Ultra result should be
considered as bacteriological confirmation of TB.
Unfortunately, astherearemore Truenat machinesin NTEP
than Xpert machines, there are practical hurdles in
upgrading to Xpert Ultrain India, but when available it
should beused in preferenceto X pert MTB/RIF, especialy
for extrapulmonary TB/TB meningitis.

AFB smear: Smear is less preferred as a single test for
diagnosis of TB for several reasons, mostly because of its
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poor sensitivity (10%) in paucibacillary TB and no
significant increase in yield even with fluorescent
microscopy.

Universal drug sensitivity testing: We are currently moving
into an era of drug sensitivity based treatment of
tuberculosis. Universal drug sensitivity is now
recommended for all cases of tuberculosis. “Universal”
refersto drug sensitivity testing for all casesof presumptive
tuberculosis and not for al the anti Th drugs used.

e Thisismainly by testing for rifampicin resistance for
all cases if accessto abody fluid or tissue specimen
is available by Genexpert or Truenat.

e |t alsoamsat testing for INH resistance

e This is possible by using Line probe assay
(FL- LPA). However dueto technical difficulties
wecan do LPA only in caseswith asmear positive
sample.

MTB culture: Both solid cultures by L owenstein Jensen
medium and automated liquid cultures like
Mycobacterium growth indicator tube (MGIT) can be
utilized. MGIT is now available through NTEP lab
network with a turnaround time of 2-3 weeks. Under
the universal drug testing strategy, if molecular testing
is negative, MGIT should be sent.

Urine Lipoarabinomannan (LAM): Tests based on the
detection of mycobacterial lipoarabinomannan (LAM)
antigen in urine have emerged as potential point-of-care
tests for TB. Currently, the urine lateral flow LAM assay
(LF-LAM) strip-test-Alere LAM-isthe only commercially
available urinary LAM test.
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Ininpatient settings, WHO strongly recommendsusing
LF-LAM to assist in the diagnosis of active TB in HIV-
positive adults, adolescents and children in the following
situations:

e with signs and symptoms of TB (pulmonary and/or
extrapulmonary) (strong recommendation); or

e with advanced HIV disease or who are serioudly ill
(strong recommendation; moderate certainty in the
evidence about the intervention effects)

e irrespective of signsand symptoms of TB and with a
CD4 cell count of less than 200 cellsf/mm3

Line probe assay (LPA): Line probe assay (eg. Hain test,
MTBDR plus™, MTBDRd ™) cannot be used asaprimary
diagnostic test in pediatric presumptive TB as it can be
performed only on smear positive specimens. The use of
LPA in pediatric samples comes in the rapid detection of
drug resistance in culture samples. LPA detects presence
of MTB and detects resistance to rifampicin (R) and
isoniazid (H) (First line LPA). It can also detect resistance
to fluoroquinolones and second line injectables (SLI).
LPA can help in deciding the regimen for drug resistant
tuberculosis (DRTB); short vs. long drug resistant TB
regimens. For e.g. the shorter regimens can be used only if
we can demonstrate that there is no fluoroquinolone
resistance. Interpretation of LPA results is given in
Tablell.

Mantoux and IGRA: Both detect TB infection. Mantoux
is still preferred due to its cost effectiveness.
WHO guidelines recommend either a tuberculin skin test
(TST) or interferon-gammarel ease assay (IGRA) be used
totest for TB infection. IGRA ispreferred in children more
than 5 years of age to detect infection and Mx is preferred
in children < 5 years.

Table II. Interpretation of line probe assay
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C-Th: May replace conventional Mx in the near future.
Modified Mantoux technique isasimilar technigque,except
that instead of PPD, it uses Mtb specific antigens ESAT 6
and CFP 10. Hence false positive results with atypical
Mycobacteria and BCG vaccination is avoided.
An induration >5mm reaction is taken as positive.

II.Treatment
TB Preventive therapy

Removing the age barrier for TB preventive therapy
isone of the huge steps taken by NTEP 2022 towards TB
elimination. The term “Latent TB infection” has been
replaced by “TB infection.”

Target population for preventive therapy

e Should be given to all children < 5 years of age, who
are household contacts of bacteriologically confirmed
pulmonary TB, even if TB infection testing is
unavailable

e May be given to al children > 5 years, adolescents
and adults who are household contacts of people with
bacteriologically confirmed pulmonary TB, who are
found not to have TB disease by an appropriateclinical
evaluation

e People who are initiating anti-TNF treatment, or
receiving dialysis, or preparing for an organ or
hematological transplant, long term steroids/
immunosuppressive therapy should be systematically
tested and treated for TB infection

e Systematic TB testing and treatment can also be
considered for health care workers in countries with
high TB burden

No mutation detected

Drug sensitivity testing (DST) as required

gyrA MUT 3C, 3D, 3B

Resistance to levofloxacin and high level resistance to moxifloxacin (Mfx)

gyrA MUT 1,2,3A, gyrB mut 1,2

Genotypic low level resistance, Mfx can be used in higher doses but should be
correlated with phenotypic DST at clinical break point

rrs mutation Resistancein SLI

els mutation

Kanamycin resistance detected, amikacin can be used

rpoB mutation

Rifampicin resistance

inhA

Low level INH resistance, INH can be used in higher doses

KatG

High level INH resistance
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¢ Infantsand children living with HIV should be started
on tuberculosis preventive therapy(TPT) even if they
are symptom screen negative

e Newborn born to mothers with TB disease

¢ Post treatment to children living with HIV (CLHIV)
- all CLHIV who have completed treatment for TB
disease should receive a course of preventive therapy
after completion of course of ATT.

TB preventive therapy options that are available include
e 6 or 9 months of daily isoniazid, or

e 3-month regimen of weekly rifapentine plus
isoniazid,(in children more than 2 years) or 3-month
regimen of daily isoniazid plus rifampicin.

e 1-month regimen of daily rifapentine plus isoniazid
or 4 months rifampicin daily are other aternatives.

e Preventive therapy is a'so now offered to household
contacts of drug resistant pulmonary cases (Tablelll).

Treatment of drug sensitive TB

e Current regimen for all new cases and retreatment
cases (i.e. treatment after failure, recurrent and
treatment after loss to follow up, if found to be drug
sensitive) include 2 months of daily isoniazid,
rifampicin, pyrazinamide and ethambutol followed by
4 monthsof daily isoniazid, rifampicin and ethambutol
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(2ZHRZE + 4 HRE). In case of CNS TB and
osteoarticular TB, continuation phase should be
extended to 10 months. The dose of the various first
lineanti TB drugisgivenin TablelV.

Fixed drug combinations (FDCs) are preferred asthey
are safe, permit convenient dosing and reduce the risk of
missing one or more of the combination drugs and thereby
reduce the risk of emergence of resistance. The pediatric
formulation consists of 50mg isoniazid along with 75mg
rifampicin and 150mg pyrazinamideinasingle FDC along
with 100mg ethambutol. The adult formul ation consists of
75mg isoniazid, 150mg rifampicin, 400mg pyrazinamide
and 275mg ethambutol.

The number of FDCsfor the various pediatric weight
bandsisgivenin Table V.

Routine pyridoxine supplementation is offered to all
children receiving either ATT or IPT.

Dose of pyridoxineis as follows
e 10mg daily

e |f on DRTB regimen 50-100mg depending on drugs
included in regimen (higher doses are required if the
regimen contains cycloserine)

e |f thereis evidence of pyridoxine deficiency - 50mg
daily

Table III. Preventive therapy for contacts of drug resistant TB

Drug resistance of index case Preventive ther apy Duration
Fluoroquinolone sensitive MDRTB daily levofloxacin 6 months
INH monoresistance or poly resistance daily rifampicin 4 months
Rifampicin resistance and INH sensitive daily isoniazid 6 months

Table IV. Dose of first line antituberculous
drugs

Table V. No. of FDCs for pediatric weight
bands (0- 18 years)

Range Average | Maximum Weight Band (K Q) No. of FDCs

mg/kg/day |mg/kg/day | dose (mg) 4-7 1P+ 1E
Rifampicin | R[10-20 15 600 8-11 2P+2E
Isoniazid H|[7-15 10 300 12- 15 3P+3E
Pyrazinamidg Z | 30-40 35 2000 16-24 4P+4E
Ethambutol | E |15-25 20 1500 25-29 3P+3E + 1A
Streptomycin| S | 15-20 20 1000 30-39 2P+2E +2A
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Newer TB treatment regimens

There is constant research to reduce the duration of
TB therapy all over the world. WHO in its' consolidated
TB guidelines 2022 has given a key recommendation
pertaining to shortening of therapy from 6 months to
4 months for non severe TB (strong recommendation,
moderate certainty of evidence) in children aged 3 months
to 16 years.

Non-severe TB : Peripheral lymph node TB; intrathoracic
lymph node TB without airway obstruction; uncomplicated
TB pleural effusion or paucibacillary, non-cavitary disease,
confined to one lobe of the lungs, and without a miliary
pattern.

This is based on the results of the SHINE trial-
a noninferiority, open-label trial, which randomized
children below 16 years from 3 countries in Africa and
India with symptomatic, non severe, smear-negative and
presumably, drug-sensitive tuberculosis to 6-months
regimen of 2HRZ(E) and 4HR(E) or 4-months regimen of
2HRZE and 2HRE. Treatment success was reported in
97.1% in the 4-months regimen versus 96.9% in the
6-monthsregimen. Theratesof drug-related adverse events
were similar. While shortening of the drug regimen will
result in reducing drug costs and improving compliance,
there are concerns about adoption of the shorter regimen
in the Indian setting. The trial was conducted with intense
review and monitoring by experts, which may be difficult
to replicate in field setting. The classification of disease
into severe and non severe may be flawed due to errorsin
the interpretation of the chest radiograph. Note: children
with severe acute malnutrition (SAM) istaken asageneral
danger sign, and children with SAM and with non severe
diseases should be treated with 6 month regimen.

Shorter treatment optionsfor adolescents from 12 years of
age: Another implementation consideration is that
adolescents aged 12 years and above with TB can benefit
from the 4-month regimen that consists of isoniazid,
rifapentine, moxifloxacin and pyrazinamide (HPMZ),
which is now conditionally recommended by WHO.
(conditional recommendation panel concludes that the
desirable effects of adherence to a recommendation
probably outweigh the undesirable effects).

Monitoring for potential relapseisapriority for shorter
regimens especially when they are introduced into
programmatic settings. Therefore, follow-up of children
and young adolescentsfor up to 12 months after completion
of the 4-month regimen isimportant.
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Shorter treatment regimens for TB meningitisin children
and adolescents: The guidelines also discuss switch to an
aternativeregimenfor TB meningitisin children (clinically
diagnosed/bacteriologically confirmed, with no risk for
drug resistance). The ethionamide regimen hasbeen widely
used in South Africa for many years and exploits the
excellent CNS penetration of ethionamide.

In children and adolescents with bacteriologically
confirmed or clinically diagnosed TB meningitis (without
suspicion or evidence of MDR/RR-TB), a 6-month
intensiveregimen (6HRZEto) may be used asan adternative
option to the 12-month regimen (2HRZE/10HRE)
(Conditional recommendation, very low certainty of the
evidence).

The regimen includes isoniazid, rifampicin,
pyrazinamide and ethionamide and is dosed as follows:

e |soniazid: 20 mg per kg, maximum 400 mg daily

e Rifampicin: 20 mg per kg, maximum 600 mg daily

e Pyrazinamide: 40 mg per kg, maximum 2000 mg daily
e Ethionamide: 20 mg per kg, maximum 750 mg daily

While the ethionamide-based regimen appears
promising and merits further evaluation by operational
research in the Indian setting, it cannot be adopted at this
time dueto lack of high-quality data and background INH
resistance in India

Monitoring of childrenin ATT

e First follow up visit is recommended at 2 weeks to
recheck doses and assess tolerance

e Thereafter, the child is reviewed every month to
e monitor adherence

e response to therapy : symptom improvement,
weight gain, adherence, adverse events

e X-ray isdone only at completion of treatment

e Remember : defervescence and reduction in cough
takes 2-4 weeks

weight gain starts by 4 weeks but 25% will not
show any weight gain

peripheral lymph nodes sometimes may not
regress completely

tuberculomas may not resolve completely
radiologically.
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Approach to non responders to treatment

o Verify whether they aretrue non responders. Symptom
improvement should be the purview rather than
radiological resolution

¢ Verify dosing and adherence
e |sit TB? Reverify the diagnosis

e May be dueto comorbid conditionslike HIV or other
intercurrent infections

e Consider drug resistance
e Paradoxical reactions - diagnosis of exclusion

Management of drug induced liver injury (DILI)
DILI isdiagnosed in the following circumstances

e Elevation of AST and ALT > 5 times upper limit of
normal (ULN)

e Elevation of enzymes more than 3 times ULN and
symptomatic child - nausea, vomiting, fatigue,
abdominal pain

e Elevation of serum bilirubin > 1.5mg/dl or clinical
jaundice
In case of DILI, ATT should be stopped. In case of

sick child (e.g. TBM) - start on levofloxacin, streptomycin
(amikacin ) and ethambutol. The period during which the

child is on alternative drugs should not be counted while
calculating the final duration of treatment.

If the child is not sick, withhold all ATT for 7 days.
Repest liver enzymes at the end of aweek.

e |f AST and ALT < 2times ULN restart rifampicin in
full dose

e Check enzymes after 3 days, if < 2 times ULN, add
isoniazid

e Check enzymesafter 3 days, if <2timesULN, restart
pyrazinamide

o |f the hepatotoxicity issevere, AST > 10timesnormal,
it may be hazardousto restart PY Z; hence, permanently
discontinue Z and complete 9 months of HRE

Managing interruptions in treatment: Treatment options
in a child with interruptions to therapy isgivenin Fig.1.

Management of drug resistant TB

Drug resistant TB: With the availability of bedaquilineand
delamanid we are moving towards shorter and all oral drug
regimen, even for multidrug resistant TB. Shorter duration
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means 9 to 10 months of therapy and longer means
18 - 20 months of treatment.

INH monoresistance: In patients with confirmed
rifampicin-susceptible, isoniazid-resistant tuberculosis
(Hr-TB), treatment with rifampicin, ethambutol,
pyrazinamide and levofloxacin is recommended for a
duration of 6 months. The same FDC asin NTEP can be
used to complete treatment with added levofloxacin RMP
resistance/ MDRTB.

A shorter al-ora bedaguiline-containing regimen of
9-12 months duration is recommended in eligible patients
with confirmed multidrug- or rifampicin-resistant
tuberculosis (MDR/ RR-TB) who have not been exposed
to treatment with second-line TB medicines used in this
regimen for more than 1 month, and in whom resistance to
fluoroquinolones has been excluded. (Conditional
recommendation, very low certainty in the evidence).
The shorter regimenisto be used for non severe pulmonary
and extrapulmonary TB. Theremoval of theagerestriction
for the use of bedaguiline means that children of all ages
with confirmed M DR/RR-TB and without fluoroguinolone
resistance may be offered the shorter, all-oral regimenwith
bedaquiline, if they meet the eligibility criteria.

Under NTEP, bedaquiline can be given to children
more than 5 years of age and weighing atleast 15 Kg.
WHO has removed the age barrier for bedaquiline useg;
can be used in children of any age.

Shorter regimen
The eligibility criteria are:
¢ No extensive TB disease

e No severe EPTB (any forms other than TB
lymphadenopathy)

e No resistance or suspected ineffectiveness of a
medicine in the shorter regimen (except isoniazid
resistance). The shorter regimen should not be used
inthe presence of mutationsin both theinhA promoter
and katG on first-line LPA inthe child, asthissuggests
that both isoniazid at high dose and thicamides are
not effective.

e No exposure to previous treatment with second-line
medicines in the regimen for more than one month
(unlesssusceptibility to these medicinesis confirmed).

Thisregimen includes 6 months of bedaquiline, along
with 4- 5 months of levofloxacin (Lvx), clofazimine (Cfz),
pyrazinamide (Z), ethambutol (E), high dose INH (Hh) and
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interruptions in
treatment

> 4 weeks

< 4 weeks

Duri During
uring o
Intensive phase (IP) Contlméét}%n phase

Reinvestigate for
DRTB

RMP resistance

if on retreival , patient
has no clinical e/o active
disease, complete
remaing course

Resume therapy,
restart if missed
during the 1st 4 weeks

detected
RMP resistance not treat as MDR TB
detected , |
retreat with 1st line
drugs

Fig.1. Management of interruption to treatment

ethionamide (Eto) followed by 5 months of |evofloxacin,
clofazimine, pyrazinamide and ethambutol. [(6) Bdq,
(4-5) Lvx, Cfz, Z,E, Hh, Eto followed by (5) Lvx, Cfz,
Z,E].

Bedaquiline is not approved for use in children less
than 5yearsin India, and hencetheregimenismodified as
4-6 months of high dose moxifloxacin, kanamycin/
amikacin. ethionamide, clofazimine, pyrazinamide, high
dose isoniazid and ethambutol followed by 5 months of
high dose moxifloxacin, clofazimine, pyrazinamide and
ethambutol.

Longer regimensfor multidrug- or rifampicin-resistant
tuberculosis (MDR- or RR-TB).

In MDR/RR-TB patientson longer regimens, all three
Group A agents and at least one Group B agent should be
included to ensure that treatment started with at least four
TB agentslikely to be effective, and that at |east three agents
are included for the rest of treatment if bedaquiline is
stopped.

If only oneor two Group A agentsare used, both Group
B agents are to be included. If the regimen cannot be
composed with agents from Groups A and B alone,
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Group C agents are added to complete it. (Conditional
recommendation, very low certainty in the estimates of
effect)

Group A: Fluoroquinolones (levofloxacin and
moxifloxacin), bedaquiline and linezolid were considered
highly effective and strongly recommended for inclusion
in al regimens unless contraindicated.

Group B: Clofazimine and cycloserine or terizidone are
conditionally recommended as agents of second choice.

Group C: Includes all other medicines that can be used
when aregimen cannot be composed with Group A and
B agents. The medicines in Group C are ranked by the
relative balance of benefit to harm, usually expected of
each.

The WHO recommended longer regimen is
18-20 months of bedaquiline, levofloxacin, linezolid,
clofazimine and cycloserine.

(18- 20) Lvx, Bdq (6 months or longer), Lzd, Cfz, Cs

For <5yearsin NTEP, theregimen ismodified using
SLI agentsand Group C drugs employing alonger regimen
as bedaqguiline is not approved in this age group
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Points to Remember

e Nucleic acid amplification tests CBNAAT and
Truenat have improved case diagnosis of
tuberculosis.

e Radiology, inspite of modest specificity still remains
an important part of the armamentarium.

e Point of caretest likeurineLAM have been approved
in children with HI'V.

e Shorter treatment regimens have been proposed by
WHO in non severe TB, adolescents and TB
meningitis.
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CLIPPINGS

Potential for Maternally Administered Vaccine for I nfant Group B Streptococcus

In an ongoing phase 2, placebo-controlled trial involving pregnant women, safety and immunogenicity of a
single dose of various GBS6 formulations were assessed. Maternally transferred anti-CPS antibodies were
assessed. In a parallel seroepidemiologic study conducted in the same population, serotype-specific anti-CPS
IgG concentrations associated with areduced risk of invasive disease among newborns through 89 days of age
were assessed to define protective thresholds.

Naturally acquired anti-CPS 1gG concentrations were associated with areduced risk of disease among infantsin
the seroepidemiologic study. |gG threshol ds that were determined to be associated with 75 to 95% reductionsin
the risk of disease were 0.184 to 0.827 ug per milliliter. No GBS6-associated safety signals were observed
among the mothers or infants. The incidence of adverse events and of serious adverse eventswere similar across
the trial groups for both mothers and infants; more local reactions were observed in the groups that received
GBS6 containing aluminum phosphate. Among the infants, the most common serious adverse events were
minor congenital anomalies (umbilical hernia and congenital dermal melanocytosis). GBS6 induced maternal
antibody responsesto all serotypes, with maternal -to-infant antibody ratios of approximately 0.4 to 1.3, depending
on the dose. The percentage of infants with anti-CPS 1gG concentrations above 0.184 ug per milliliter varied
according to serotype and formulation, with 57 to 97% of the infants having a seroresponse to the most
immunogenic formulation.

GBS6 dlicited anti-CPS antibodies against group B streptococcus in pregnant women that were transferred to
infants at levels associated with areduced risk of invasive group B streptococcal disease.

Madhi SA, Anderson AS, Absalon J, Radley D, Simon R, Jongihlati B, et al. Potential for Maternally
Administered Vaccine for Infant Group B Streptococcus. N Engl J Med. 2023 Jul 20; 389(3):215-227.
doi: 10.1056/NEJM0a2116045. PMID: 37467497.
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PULMONOLOGY

PROTRACTED BACTERIAL BRONCHITIS
* Sarath Balaji B

Abstract: Protracted bacterial bronchitis is not an
uncommon cause to consider in a child with chronic
(>4weeks) wet cough without constitutional symptomsand
specific cough pointers. Itisincreasingly being recognised
across the globe after introduction of diagnostic clinical
criteria. It is a forerunner of bronchiectasis and needs to
be treated with appropriate antibiotics for adequate
(2-4 weeks) duration. But in countries like India, common
causes such as tuberculosis and foreign body should be
ruled out before considering the possibility of PBB.

Keywords: Protracted bacterial bronchitis, Chronic
cough.

Cough, despite being aprotectivereflex and adefence
mechanism! is the most common reason for pediatric
consultations and can influence the quality of life (QOL)
of both children and their parents by reducing sleep quality,
creating emotional distress and limiting participation in
normal activities.? Chronic cough is defined as cough
lasting for more than 4 weeksduration.®* As cough caused
by upper respiratory tract infection (URTI) usually resolves
in 1-3 weeks, cough persisting beyond that could indicate
underlying ailments and should be evaluated for other
etiologies.*

Protracted bacterial bronchitis (PBB) is one of the
most common causes of chronic wet cough in childrenin
western world. PBB isoften under-diagnosed dueto alack
of awareness, but is increasingly being recognized, if
clinical criteria are fulfilled without the need for
bronchoscopy or microbiological evidence. Thiscondition
isoften misdiagnosed asasthma, primary ciliary dyskinesia,
tuberculosis, cystic fibrosis and primary
immunodeficiencies resulting in inappropriate
investigations and unnecessary drugs.® PBB should be
identified early and managed with appropriate antibiotics
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in adequate doses and duration. Inappropriately or
inadequately treated PBB can often progress to
bronchiectasisin some children.® Literature search on PBB
in India turned out to be futile. PBB should often be a
diagnosis of exclusion in our country where common
causes of chronic cough such as neglected foreign body,
tuberculosis etc. should be ruled out.

Definitions

Bacterial infections of lower respiratory tract may
manifest as either typical bacterial pneumonia or PBB.’
In simple terms, PBB is defined as an isolated persistent
wet cough lasting more than 4 weeks in the absence of
other dternative disorders, that show resolution with a
prolonged course (2-4weeks) of antibiotics.

Thereareclinical (PBB - clinical) and microbiological
(PBB-micro) case definitions for PBB.*¢ PBB-micro
criteria includes i) presence of chronic wet cough
(>4 weeks), ii) lower airway infection (recognized
respiratory bacterial pathogens growing in sputum or
bronchoalveolar lavage (BAL) at density of a single
bacterial species >10* colony-forming units/mL and
iii) resolution of cough following a 2-week course of an
appropriate oral antibiotic. As it is impractical and
cumbersome to perform bronchoscopy for all children
presenting with chronic cough and al so difficult to procure
good quality sputum specimensfrom older children ,criteria
were modified to PBB-clinical criteria, which requires
absence of signs and symptoms of other causes of chronic
wet cough. PBB-extended is where symptom resolution
is seen with 4 weeks of antibiotics instead of 2 weeks.
Recurrent PBB is 3 or more episodes of PBB in a year
(Box 1).

Specific cough pointers® that suggest other underlying
causes of wet cough are mentioned in Tablell.

Pathophysiology

The pathophysiology of PBB is not completely
understood.® One of the hypothesesisimpaired mucociliary
clearance caused by recurrent viral infections and gastro-
oesophageal reflux(GER) predisposed by structural
abnormdlities, particularly airway malacias.>** Thisleads
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Box 1. Diagnostic criteria for protracted
bacterial bronchitis (PBB)

Original diagnostic criteria (PBB-micro)
Chronic wet cough > 4 weeks

Documented lower airway infection (single bacterial
species >10%) in sputum or in BAL

Resolution of cough after a2 weeks course of appropriate
antibiotic

M odified diagnostic criteria (PBB-clinical)

Chronic wet cough >4 weeks

No symptoms or signs of other causes of wet or
productive cough

Resol ution of cough after 2 weeks course of appropriate
antibiotic

PBB Extended

All the criteria of PBB- clinical/PBB- micro

Resol ution of cough after 4 weeks course of appropriate
antibiotic

PBB Recurrent >3 episodes of PBB in one year

to chronic bacterial infection and the formation of bacterial
biofilmintheairway.’*t Initia viral infection often disrupts
surface morphology and ciliary function which leads to
chronic inflammation with the formation of bacterial
biofilms leading to PBB.1%*® Airway malacias like
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tracheobronchomalacia, causes airway collapse and
mucous impaction, preventing clearance of secretions'.
GER and aspirations cause disruption of respiratory
epithelium and colonization of organismslike H.Influenza
resulting in protracted infection.®®

Studies also suggest that PBB is associated with
marked inflammatory mediator response due to activation
of innate immune system. High levels of various
inflammatory mediators such as interleukin-8 (IL-8) and
matrix metall opeptidase MM P-9 a ong with increased NK
cells (CD 56 and CD 16) are found in PBB compared to
control subjects.®

Microbiology

As the distribution of organisms in PBB is
heterogeneous, better bacterial yield is found when BAL
istaken from multiplelobesrather than asinglelobe (right
middle lobe).’ It is not unusual to find more than one
organism in BAL culture. The most common organisms
found in PBB are non-typeable H. influenza, Sreptococcus
pneumonia, Moraxella catarrhalis and Saphylococcus
aureus.>t"8

In most of the western studies, the most common
organism isolated was H. influenza, while in the Chinese
population, the most common organism isolated was
Sreptococcus pneumonia.t’ Many virusesare a soisolated
in the BAL fluid, but there is no way to prove them to be
causative of PBB.®®

Table I. Clinical clues for children with chronic cough

Findings

Possible diagnosis

Spontaneously resolving cough, good health

Post infectious cough

or adlergy

Wheezing, dry nocturnal cough, atopy, positive family history for asthma | Asthma

Protracted airway infections, wet cough, positive sputum or BAL culture

PBB, bronchiectasis

chronic sinusitis, hemoptysis, steatorrhea

Recurrent lower respiratory tract infections, growth failure,

Cystic fibrosis

Recurrent severe or atypical infection

Immunodeficiency (Primary/secondary)

VVomiting, sialorrhea, neurodevelopmental disorders

Gastroesophageal reflux disease

Stridor, metallic, biphasic cough

Airway anomalies (Tracheomalacia-
bronchomalacia)

airway infections

Situs inversus, recurrent sinusitis and/or otitis, recurrent lower

Primary ciliary dyskinesia
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Clinical features

PBB is usually seen in preschool children, although
it isalso found in adolescents. It usually presents with an
initial event like lower respiratory tract infection (LRTI)
or pneumonia. Inastudy donein UK, about 42% had L RT]I
and 40% had pneumonia as the preceding event.*
Children suffering from PBB usually don’t have any
systemic symptoms and generally look and do well except
for the presence of cough.?%%

Viral infections can cause exacerbations due to the
release of planktonic bacteriafrom biofilm, similar to cystic
fibrosis. After resolution of the infection, they usually
return to baseline status®. PBB is often misdiagnosed as
asthma. Features that differentiate PBB from asthma’ are
mentioned in the Table II. In older children, spirometry
can also be used to diagnose asthma. It is to be noted that
PBB can coexist with asthma.” In a study done in UK,
43 % of the children with persistent wheeze on treatment
for asthmawere found to have bacterial bronchitis.?

Diagnosis

The diagnosis can be made based on the clinical
criteria. Obtaining a history from the parent or caregivers
regarding symptomsisvital for thediagnosis. Information
regarding the nature, duration and therapy so far, along
with the duration of antibioticsif used, should be obtained.

Aswe currently lack a straightforward non-invasive
test that allows for a strong diagnosis, over and under
diagnosiswill be common, asis till the casefor asthma.’®
CXR may be normal or can have minor abnormalities.?*
If hyperinflation is seen in X-ray, it should raise the
suspicion of asthma or co-existing asthma.

Bronchoscopy and BAL analysisremainsthe mainstay
for definitive diagnosis but should be interpreted with
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caution. This may be considered if there is relapse after
three courses of extended oral antibioticsor if parentsinsist
on microbiological confirmation of diagnosis.?*

Natural course

Untreated PBB triggers avicious cycle of infection
and inflammation, resulting in the damage of the conductive
airways, leading eventually to bronchiectasis. Efforts to
break this cycle will help full recovery of the epithelium,
which include antibiotics for infection and physiotherapy
for clearance of secretions.*

A cohort study donein Australiaidentified recurrence
(>3 episodes/year) of PBB and the presence of H. influenza
infection of the lower airways as major risk factors for
bronchiectasis and also found that H. influenza infection
increased the chance of bronchiectasis by more than seven
times when compared to no infection.®

During thefiveyear follow-up in the same cohort they
found that about 56% of cases developed bronchiectasis
by the second year of follow-up. Interestingly, it also found
that 27% of PBB cohort found to have asthma at final
review, with predictive factors in multivariate analysis
including allergy specific IgE and bronchomalacia.®

In aretrospective analysisdone on 81 childrenin UK,
for threeyears, 40% of those with chronic wet cough but
no signs of bronchiectasis at presentation had clear
evidence of bronchiectasis on repeat bronchography.*?

Management

Antibioticsremain the mainstay of treatment for PBB.
When PBB is suspected in a case, efforts should be made
to limit the antibiotics and refer to a specialist for further
evaluation and management. It is not advised to start
antibioticsin primary care in such cases.® %

Table II. Differentiating features between protracted bacterial bronchitis and asthma

Protracted bacterial bronchitis

Asthma

Persistent wet cough

Dry cough

Cough typically worsens with change of posture

Often nocturnal cough;
Shortness of breath not related to cough

Rattle sound

Wheeze sound

Clinical improvement after antibiotics

Clinical improvement after bronchodilator, corticosteroids
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Theinitial course of treatment isintended to address
morhbidity whilea so contributing to the diagnostic process,
with aclear and unambiguous cessation of coughing seen
as confirmatory evidence of the diagnosis.®®

The most commonly used antibiotic is oral
amoxicillin-clavulanate, which is active against beta-
lactamase-producing strainsof H. influenza, M. catarrhalis
and S.aureus, though alternatives such as oral second- or
third-generation cephalosporins, trimethoprim-
sulfamethoxazole or a macrolide may be used if an
IgE-mediated reaction to penicillin has occurred.

There is no evidence regarding the optimal duration
of antibiotics.® Different studiesmention different duration
ranging from 4 weeks to 8 weeks.®?" A double-blinded
randomized controlled trial in 50 children with protracted
bacterial bronchitis observed that antibiotic therapy with
co-amoxiclav for 2 weeks resulted in cough resolution in
48% of children compared to 16% of childrenwho received
aplacebo.®

According to one recent study, patientswho received
6 weeks of antibioticswerelesslikely to develop recurrent
PBB than those who received it only for 2 weeks® and
another study indicated that if there is no response after
4 weeks of antibiotics, there is a high risk of developing
bronchiectasis® If there is no significant response after
2 weeks of antibiotics, it can be extended to 4 weeks.!

Treatment failure

Failure to initial treatment can be due to poor
adherence, incorrect diagnosis, unknown host or bacterial
factors.’® These children need further investigations and
evaluation to look for progression of the disease.

Points to Remember

e PBB isincreasingly being recognised globally as a
common cause of chronicwet cough in healthy under
five children.

PBB should be suspected in all healthy children who
develop persistent wet cough of more than 4 weeks
duration with normal physical examination and
imaging.

This condition responds promptly to a course of
amoxycillin-clavulanic acid given for 2-4 weeks.

Other conditions like foreign body airway and
tuberculosis should be ruled out.
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CLIPPINGS

Adenovirusinfection isarisk factor for recurrent intussusception in pediatric patients

Human adenoviruses are the most common pathogens to be isolated from cases of pediatric intussusception.
Medical records of pediatric patients < 18 years of age with febrile episodes, treated for intussusceptions over a
6 year period were reviewed -27 with and 29 without adenovirusinfections (the latter serving as control group).
The adenovirus group exhibited a significantly longer febrile duration than the control grou. The recurrence
rates were 48.1% and 13.8% in the two groups (p = 0.008). The researchers concluded that adenovirus-related
intussusception is associated with a longer febrile period and a higher rate of intussusception recurrence.
They recommend that patients suspected of adenovirus-related intussusception should be observed for longer

than others prior to discharge.

Tseng WY, Chao HC, Chen CC, Lai MW, Chang YJ. Adenovirus infection is a risk factor for recurrent
intussusception in pediatric patients. Pediatr Neonatol. 2023 Jul;64(4):428-434. doi: 10.1016/

j-pedneo.2022.03.024. Epub 2023 Jan 2. PMID: 36641360.
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PULMONOLOGY

BRONCHIECTASIS - NON CYSTIC
FIBROSIS

*Rashmi Ranjan Das
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Abstract: ‘Non-cystic fibrosis bronchiectasis' is an end
stage lung disease characterized by dilatation and
thickening of airways secondary to diverse etiologies
causing chronic inflammation and recurrent infections.
It isa common chronic respiratory morbidity in children.
The etiologies are diverse and depend on the geographic
region and availability of diagnostic work up of underlying
illness. The most common cause is idiopathic followed by
post-infectious. The diagnosis should be suspected in
children presenting with chronic wet cough of >4 weeks
duration. Clinical presentation depends on the severity of
illness and underlying cause and Computed Tomograph
of chest isthe diagnostic modality of choice. Management
is mainly medical with surgery reserved for localized
disease not responding to medical management.

Keywords: Suppurative lung disease, Primary ciliary
dyskinesia, Chronic cough, Wet cough, Protracted bacterial
bronchitis.

‘Bronchiectasis’ is end stage lung disease
characterized by dilatation and thickening of airways
secondary to diverse etiologies causing chronic
inflammation and recurrent infection.*
‘Chronic suppurative lung disease’ (CSLD) is often used
in the same context, with slightly different meanings.?
Bronchiectasisis a pathological diagnosis confirmed by a
computed tomography (CT). CSLD isaclinical diagnosis
secondary to endobronchial suppuration, without CT
evidence of bronchiectasis. Both bronchiectasisand CSLD
arethe end result of protracted bacterial bronchitis (PBB),
and PPB progresses to bronchiectasis through stages of
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CSLD. PBB is characterized by isolated persistent wet
cough lasting for >2 weeks that resolves with 2-4 weeks
course of oral antibiotics.®> Bronchiectasis on the other
hand is characterized by recurrent (>3) or persistent
episodes of chronic productive cough (>4 weeks duration)
associated with coarse crackles and clubbing with or
without hypoxemia* Two broad types of bronchiectasis
are often described in clinical medicine - cystic fibrosis
(CF) related and non-CF related. Non-CF bronchiectasis
includes a wide variety of diseases, some of which are
treatable.

Epidemiology

The precise etiology of non-CF bronchiectasisis not
known. Thisisbecause of the heterogeneity in definitions,
limited access to diagnostic technology in some areas and
lack of epidemiologic data from developing countries.
Wheat isclear isthat low-income popul ations have ahigher
incidence of bronchiectasis, generally of infectiousorigin,
with early severe manifestations in some populations.*®
CF is a major cause of bronchiectasis in developed
countries, whereas in developing countries non-CF
conditionsarethe major causes. After adeclineintheearly
part of the 20" century, the prevalence of bronchiectasis
has again started increasing over the last decade. Thisis
because of wide availability of CT scan, the gold standard
imaging modality of bronchiectasisin place of symptoms
and chest radiographs for diagnosis of bronchiectasis.*®

Though the overall prevalencein Indiais not known,
studies have predicted the prevalence from pneumonia
studies. The prevalence of bronchiectasis may vary from
27,22,814 10 3,38,40,694 per year dueto pneumoniaalone.®
It gives a figure of 212 to 2646 children developing
bronchiectasis per one million children under-five years
of age. These numbers may not be actuals, but indicates
the huge burden of non-CF bronchiectasis. A survey in
New Zeadand estimated an overall incidence of 3.7 per
100,000inan year among children under 15 yearsof age.®
Prevalence in Central Australian indigenous population,
was estimated to be 1470/100,000.”

Etiology

A large number of diseases or precipitating factors
other than CF can lead to bronchiectasis in due course of
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Fig.1. Etiology of non-CF bronchiectasis

time and are enumerated in Fig.1.4®* However, the list is
not exhaustive. A large number of patients are labeled to
have'‘idiopathic’ bronchiectasiswhentheinitial evaluation
for underlying causesis not successful in identifying one.
It may represent thelimited availability of medical facilities
at that time and might also be because incomplete
manifestation of the disease. Over aperiod of time, specific
causeshave beenidentified in alot of theseidiopathic cases.
In one large study of nearly 1000 patients, the etiologies
were as follows: Idiopathic (34%), infectious (19%),
primary immunodeficiency (17%), aspiration or foreign
body inhalation (10%), primary ciliary dyskinesia (PCD)
(7%), congenital malformations (4%), secondary
immunodeficiency (3%), asthma (2%), bronchiolitis
obliterans (1%), skeletal causes (1%) and others (1%).*
In the largest Indian study in children, following causes
were identified: Idiopathic (36.2%), post-infectious
(23.8%), primary ciliary dyskinesia (15%), allergic
broncho-pulmonary aspergillosis (7.5%), congenital
malformations (3.7%), aspiration syndromes (2.4%),
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primary immunodeficiency (6.2%), foreign body (1.2%),
Steven Johnson’s syndrome (1.2%), HIV infection (1.2%),
and asthma (1.2%).> Among the infectious causes,
tubercul osis was the commonest.

Pathophysiology

Whatever be the disease, the common cause of
bronchiectasis is repeated or persistent airway injury,
mucus stasis, infections and predominantly neutrophilic
inflammation. The detailed process has been outlined in
Fig.2.8 Infection leads to airway mucosal infiltration by
neutrophils and T lymphocytes causing increased
concentrations of inflammatory mediators such as IL-8,
neutrophil elastase, TNF-a and prostanoids.® A complex
interaction among these mediators results in permanent
dilatation and remodeling of airways, which is the end-
stage lung disease or bronchiectasis. The initiating event
may differ in patients, ranging from a inborn error of
immunity, to an accidentally aspirated foreign body in a
previously healthy child. It has been suggested that under-
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Fig.2. Suggested patho-physiology of non-CF bronchiectasis

recognition and inappropriate treatment of PBB may lead
to bronchiectasis in both developing and developed
countries.® Overall, based on the gross appearance of
airways, bronchiectasisisclassified ascylindrical, varicose
and cystic, in increasing order of severity.

Clinical features

The median age of diagnosisin developed countries
is4to 5 years. A study from India found the mean age to
be around 9 years (range, 2 to 15 years) with nearly 2/3"of
children being under five years of age with male
preponderance.’ The ‘sine qua non’ of bronchiectasis is
persistent or recurrent productive or wet cough. Reliability
of caretakers in reporting wet cough might be poor,
therefore, it isbest to hear the cough for oneself and decide.
Cough and expectoration of mucopurulent or purulent
sputum might be most marked in the early morning, asthe
child wakes up. Other symptoms are exertional dyspnea,
tachypnea, poor weight gain and restriction of activity.
On examination, failureto thrive, clubbing, hyperinflation
in early disease or signs of volume lossin advanced stage
are present. Examination should be carefully done to look
for findings of associated conditions, and devel opmental
assessment. Auscultation may reveal coarse crackles over
the most affected regions or may be normal.
Reduced oxygen saturations and abnormal cardiac sounds
associated with pulmonary hypertension arevery latesigns
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in bronchiectasis. Triad of Kartagener syndrome is only
seen in 50% of children with PCD.

In a study from India, the clinical presentations in
decreasing order of frequency are as follows - cough,
breathlessness, expectoration, fever, wheezing, repeated
pneumonia, chest pain, sneezing, repeated nasal discharge,
pain abdomen, hemoptysis, recurrent vomiting, failure to
thrive, ear discharge (active or in the history) and salt
craving.®

A patient may present with an acute exacerbation,
which is commonly associated with increase in cough,
increase in amount of sputum and consistency, dyspnea
and new findings on auscultation. Fever and hemoptysis
may sometimes be present. A recent European Respiratory
Society (ERS) guideline recommendsthat an exacerbation
should be considered when the symptoms have increased
for at least 3 days and that dyspnea and/or hypoxia should
be considered as severe exacerbation, irrespective of
duration.®

Diagnosis

Diagnosis of bronchiectasis should be suspected in
children presenting with any of the following clinical
symptoms: Persistent wet cough lasting for >4 weeks,
asthmanot responding to appropriate treatment, persistence
or recurrent pneumonia, pertussoid cough lasting for
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>6 months, persistent crepitations in the chest without
obvious explanation, recurrent respiratory problems with
associated esophagitis and upper respiratory illnessesand
unexplained hemoptysis.*

Chest imaging is the cornerstone of diagnosis of
bronchiectasis. Chest X-rays (CXR) are not sensitive
enough and early lung changes may be missed.
CXR abnormalities that suggest bronchiectasis include -
prominent broncho-vascular markings, dilated bronchus,
loss of lung volume and peri-bronchial thickening.
Bronchography used previoudly is not used now-a-days.
Multidetector CT (MDCT) scan with HRCT reconstruction
is the current imaging modality of choice.>
Contrast study may berequired if tuberculosis, masslesion
or lymphnodes are suspected to be the underlying
pathology. The characteristic CT finding is a dilated
bronchus, with an elevated bronchoarteria ratio (BAR).
BAR istheratio of theinner diameter of the airway to the
outer diameter of the adjacent artery and the recent
recommendation is to use a pediatric specific cut off
of 0.8.%° Other associated changeson CT includefailure of
airways to taper toward the periphery, bronchial wall
thickening, mucusimpaction, air-fluid levelsinside airway
lumen and sometimes, frank cystic changes.
Central bronchiectasis suggest ABPA (allergic broncho-
pulmonary aspergillosis), or bronchiectasis secondary to
recurrent aspirations.®

Once a diagnosis of bronchiectasis is made, further
investigations are oriented to find out the etiology and
should be prioritized based on theclinical picture. The panel
of tests as recommended by ERS include sweat chloride
estimation (to exclude CF), lung function test (spirometry),
complete blood count, tests for immune function
(immunoglobulin profile - 1gG, 1gA, IgM and IgE,
flow-cytometry for CGD) and tests to rule out TB and
HIV.2° Further, speciaized tests like bronchoscopy and
bronchoalveolar lavage (BAL) might be needed based on
the yield from the initial tests. Fiber optic bronchoscopy
helps in identification of airway abnormalities and
obtaining samplesfrom the airways. It can identify airway
abnormalities like laryngotracheomalacia very well.*?
PCD needs to be ruled out by demonstration of ciliary
motility or structure (under electron microscope), nasal
nitric oxide (NO) measurement and genetic studies(clinical
exome sequencing) may be required. ABPA diagnosis
requires a set of clinical and laboratory criteria.®

Bacterial culture of lower airway secretions is
warranted at diagnosis, during exacerbations and
sometimes, for routine surveillance. A spontaneously
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expectorated or induced sputum (following 3%to 7% saline
nebulization) sample usually suffices. Otherwise, a BAL
might help in organism isolation. Oropharyngeal and
nasopharyngeal specimens are sometimes used as
surrogate, but might lack specificity.

It isimportant to monitor children with bronchiectasis
to assess progression of the illness and effect of the
treatment.® In older children, spirometry may be repeated
every 3 to 6 months. In younger children, symptom relief
and weight gain may be used as surrogate markers of
disease control.> Sputum examination during follow-up
visitsmay give clear ideaabout colonization of theairways.
It may also help in deciding about antibiotic regimen for
pulmonary exacerbations. CXR and CT chest are not
required routinely. These may be obtained in pulmonary
exacerbations that are not responding to the treatment.

Management

Mainstay of treatment in children with bronchiectasis
ismedical, with surgery being reserved for rareindications.
Medical treatment includes nutritional support, keeping
airways clear and antibiotics treatment of exacerbation.

General measures

These include adequate protein and calories intake,
good hydration, vaccination against respiratory pathogens
(pneumococcal, influenza, measles, Haemophilus
influenza, and pertussis) and avoidance of exposure to
smoke (biofuel, tobacco) or environmental pollution.®

Specific therapy

It is possible in a handful of conditions like airway
foreign body, ABPA and active infections (e.g. TB).
Children with aspiration syndromes may benefit from
medical (treatment of reflux) or surgical treatment (in case
no response to medical treatment). Those with
hypogammaglobulinemia may benefit from monthly
intravenous gammaglobulin supplementation (0.5 g/kg).
In case of evidence of reactive airway disease (e.g. presence
of wheezing), inhaled steroids (ICS) and bronchodilators
can be used. Treatment if started early in the course of
disease, the airway changes can be reversed, especially in
younger children.

Supportive therapy

(8 Airway clearance therapy: It is the mainstay of non-
pharmacol ogical treatment of bronchiectasis. To keep
secretions thin, child should be encouraged to drink
plenty of fluids and avoid dehydration. Daily chest
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physiotherapy for draining impacted secretions is an
essential part of treatment and needsto be emphasi zed
to the family early. Traditional chest physiotherapy
has four components: postural drainage, percussion,
vibration of the chest wall and coughing. Various
techniques of physiotherapy including active cycle of
breathing techniques (ACBT), forced expiration
techniques (FET), autogenic drainage, postural
drainage, oscillating positive expiratory pressure
(OPEP) and high frequency chest wall oscillation
(HFCWO) may be used by taking into consideration
the age of the patient, compliance and available
resources.® Current ERS recommendations are not to
use mucoactive agents as a routine in non-CF
bronchiectasis. Hypertonic saline (3% to 7%)
nebulization 2 to 3 times as a mucoactive agent may
be considered in selected patients.°lnhaled mannitol
has similar effect ashypertonic saline, but availability
may be an issue. Pre-treatment with a bronchodilator
might be essential to avoid bronchospasm. Chest
physiotherapy usually follows the mucoactive agent
inhalation. Recombinant human DNase may worsen
lung function and should be avoided.

Treatment of infections: Both viral and bacterial
infections may cause exacerbations and need to be
treated aggressively. Efforts should be made for
eradication after the first isolation of Pseudomonas
aeruginosa. Inhaled antibiotics (Tobramycin) may be
added to systemic ones for this purpose. Intermittent
exacerbationsare al so treated with systemic antibiotics
for 14 days, guided by culture of sputum or BAL and
sengitivity patterns. Severe exacerbations often require
admission and intravenous antibiotics. Long term
macrolides are now a part of recommendation in
patients with recurrent exacerbations.*

(b)

Surgical treatment

The indications of surgery are limited and include
localized disease that is uncontrolled with medical
treatment or localized bleed, which may be an indication
for resection of alobe or whole lung.® Lobectomy should
beviewed only asalast resort and hasfew indicationslike
poor control of symptoms and growth failure despite
optimal medical management and uncontrolled hemoptysis
despite bronchial artery embolization. Surgery is usualy
not avalid option in extensive or diffuse disease.

Follow-up

Long term regular follow-up is usualy essential for
patients with monitoring of growth, lung function and
airway microbiology.> Poor prognostic factors include
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asthma, bilateral lung disease, saccular bronchiectasis,
frequent exacerbations and Pseudomonas col onization.

Prognosis

With better understanding of pathophysiology and
diagnostic workup, prognosis of bronchiectasis has
improved. In a study from India, 11% patients died of
pulmonary infections. Morbiditiesin children who survived
included poor growth in 76.3%, pulmonary hemorrhage
in 16.2%, chronic hypoxemia in 10% and pulmonary
hypertension in 3.8%. Surgical intervention was needed
in 17.5% children.®

Conclusions

Bronchiectasis is a common chronic respiratory
morbidity in children. The etiologies are diverse; depend
on the geographic region and availability of diagnostic work
up of underlying illness. Common causes of non-CF
bronchiectasisin Indian children are post-infectious, PCD
and ABPA. The diagnosis should be suspected in children
presenting with chronic wet cough of >4 weeks duration.
Clinical presentation depends on the severity of illnessand
underlying cause and CT chest is the diagnostic modality
of choice. Management is mainly medical with surgery
reserved for localized disease not responding to medical
management.

Points to Remember

e Non-CF bronchiectasis occurs secondary to diverse

etiologies except cystic fibrosis.

Common causesof non-CF bronchiectasisin I ndian
children are post-infectious, primary cilliary
dyskinesia, and allergic bronchopulmonary
aspergillosis.

The diagnosis should be suspected in children
presenting with chronic wet cough of >4 weeks
duration.

Clinical presentation depends on the severity of
illness and underlying cause; CT chest is the
diagnostic modality of choice.

Management ismainly medical with surgery reserved
for localized disease not responding to medical
management.
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CLIPPINGS

Childhood and Adolescent television viewing and metabolic syndrome in Mid adulthood

Excessive sedentary behaviors, such as television viewing or other screen time, may have adverse metabolic
effects. The authors hypothesized that television viewing timein childhood would be associated with the risk of
metabolic syndrome at 45 years of age.

They studied a population-based birth cohort bornin Dunedin, New Zealand in 1972 and 1973. Parent- and self-
reported weekday television viewing times were recorded at ages 5, 7, 9, 11, 13, 15, and 32 years. The primary
outcome was metabolic syndrome at age 45 years, defined as 3 or more of : high glycosylatedhemoglobin; high
waist circumference; high blood triglyceride; low high-density lipoprotein cholesterol; and high blood pressure.
Reported television viewing time and metabolic syndrome data were available for 870 (87%) of 997 surviving
participants.

Mean television viewing time between ages 5 and 15 years was associated with metabolic syndrome at 45 years
of age. This association persisted after adjusting for sex, socioeconomic status, and BMI at age 5 and after
further adjustment for adult television viewing. Childhood television viewing was also associated with lower
cardiorespiratory fitness and higher BMI at 45 years of age.

The authors conclude that time spent watching television during childhood and adolescence is associated with
the risk of metabolic syndrome in mid-adulthood. Interventions to reduce screen time for children and young
people may have long-lasting benefits for health.

MacDonell N, Hancox RJ. Childhood and Adolescent Television Viewing and Metabolic Syndrome in Mid-
Adulthood. Pediatrics. 2023 Jul 24:e2022060768. doi: 10.1542/peds.2022-060768. Epub ahead of print. PMID:
37483126.

60




Indian Journal of Practical Pediatrics

2023; 25(2):171

PULMONOLOGY

CYSTIC FIBROSIS
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Abstract: Cystic Fibrosis (CF), an autosomal recessive
condition is being increasingly recognised in India.
Early diagnosisfollowed by prompt initiation of treatment
isimportant to minimize malnutrition and to preserve lung
functions. With the availability of highly effective modul ator
therapy, the prognosis of the disease has improved
remarkably. Global disparitiesin accessto care needto
be addressed.

Keywords: Cystic Fibrosis (CF), Cystic fibrosis
transmembrane receptor (CFTR) gene, Pancreatic
sufficient (PS), Pancreatic insufficient (PI), Highly effective
modulator therapy (HEMT).

Cystic fibrosis, no longer considered an exclusive
Caucasian disease, isbeing diagnosed frequently in India.
This autosomal recessive, monogenic condition due to
mutation in the CFTR gene has a diverse phenotype.
From a life limiting condition encountered only in
paediatric practice, it has now changed to a chronic
morbidity with near normal life expectancy.

Epidemiology

Cystic fibrosis affects approximately 89,000 people
worldwide.? Prevalence of cystic fibrosis in the US is
7.97 per 100,000° and similar figures are reported from
Europetoo. Among Caucasians, theincidence of CFvaries
from 1 in 2500 to 3500. No systematic studies have ever
been done in India to understand the true prevaence of
the condition.

Pathophysiology

Pathophysiological changes in cystic fibrosis are
primarily due to loss of Cystic Fibrosis Transmembrane
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Regulator (CFTR) protein function. CFTR protein is an
epithelial chloride channel, encoded by CFTR gene. It has
acrucial rolein maintaining hydration of luminal surface
of many ducts in the human body.

Absent or deficient CFTR protein leadsto disturbance
in optimal hydration of airway surface liquid layer.
Dehydrated mucus layer paralyses the mucociliary
clearance system. Ensuing obstruction of airways due to
thick mucus, predisposition to infection and inflammation
setsthe stagefor relentlessdestruction of thenormal airway
anatomy, development of bronchiectasis and eventual
respiratory failure.

Dysfunctional or absent CFTR proteinin lining cells
of pancreatic duct interferes with normal chloride and
bicarbonate ion transport across the cell. This leads to
decreased secretion of arelatively acidic fluidinto the duct,
precipitation of proteins, injury and inflammation of the
duct and eventual pancreatic atrophy and pancreatic
insufficiency.

Increased viscosity of intestinal fluid can lead to
constipation and sometimes distal intestinal obstruction
syndrome (DIOS). Inspissated bowel contents can cause
meconium ileusin approximately 10% of patientswith CF
in the neonatal period.

CFTR gene and classes of variants

CFTR gene resides in the long arm of 7" human
chromosome. More than 2000 variants in the gene have
been described and 700 are classified as pathogenic.*
Based on functional consequence of amutant gene and its
impact on synthesisof CFTR protein within the cell, these
variants are grouped into six classes (Tablel).

Genotype - Phenotype correlation

Generally, variants of class 1 to 3 result in severe
phenotype, often associated with high sweat-chloride
values, severe lung disease, and pancreatic insufficiency
while class 4 and 5 variants are associated with milder
phenotype and may be associated with pancreatic
sufficiency in the affected individual. Pancreatic
insufficiency is predictable by the genotype, but other
clinical features correlate poorly with the genotype.
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Table I. Classes of CFTR variants, their site of dysfunction and effect of CFTR protein on cell

surface
Classes | Siteof CFTR Satusof CFTR protein Examples of common
dysfunction on cell surface variants
1 Transcription phase in the early part of No CFTR protein present G542X
CFTR protein synthesis
2 Interferes with processing of the CFTR No CFTR protein present phe508del
protein, resulting in misfolded form
3 Affect the regulation of CFTR channel Chloride transport doesn’'t occur | G551D
across the cell, though protein
is present
4 Decrease the chloride conduction property | Less amount of functional protein | R117H
of the CFTR protein
5 Reduction in synthesis or maturation Reduced amount of protein 3,849+10kbC—T
6 Result in unstable protein production Fewer functional channels Q1412X
available for chloride transport

Clinical features

Clinical features and rate of progression are very
variablein patients affected by CF. Inthe mgjority, recurrent
or chronic pneumonias eventually lead to bronchiectasis.
Complications like allergic bronchopulmonary
aspergillosis, pneumothorax, hemoptysis and pulmonary
hypertension can devel op. Upper respiratory symptomslike
recurrent sinusitis and nasal polyposis are also seen.
Most common cause of death is respiratory failure.
Children with pancreatic insufficiency present with aily,
bulky and foul smelling stools, any time after birth.
They may also develop symptoms of fat soluble vitamin
deficiency. Young infants can present with a triad of
oedema, hypoal buminemia and anemia as a consequence
of fat malabsorption. Those with pancreatic sufficiency,
may initially remain well-nourished but can develop
recurrent pancreatitis. CF related diabetes (CFRD) usually
occurs in the 2" decade of life. Gastrointestinal
manifestations include meconium ileus at birth, rectal
prolapsein early childhood and distal intestinal obstruction
syndrome (DIOS). CF also affectsthe liver and the biliary
treeand can lead to portal hypertension aswell ascirrhosis.
Younger children can have hypochloremic hypokalaemic
alkalosisfrom excessive chloridelossthrough sweat during
summers. Delayed puberty is a known endocrine
complication. Maleswith CF can have congenital bilateral
absence of vas deference (CBAVD) leading to infertility
whereas females can have subfertility.
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Diagnosis (Table II)
Sweat testing

Sweat test described by Gibson and Cookein 1959 is
the gold standard test for CF.® Pilocarpine iontophoresisis
used to stimulate localised sweating and the sweat sample
collected in a standardized manner is analysed to estimate
chloride content. Sweat chloride value of >60 mmol/L
suggests that CF is likely, value between 30-59 mmol/L
suggests an equivocal possibility and value less than
29 mmol/L suggeststhat CF is unlikely.®

CFTR genetic testing

Demonstration of presence of two CF causing variants
(biallelic) is diagnostic of CF. When using a panel of
common CFTR variantsfor screening, rare variantswhich
are not included in the panel will not be identified.
Hence, a negative result will not exclude the condition.
CFTR gene sequencing and checking for deletion and
duplication isneeded in such cases. M easurement of nasal
potential difference, another diagnostic test is aresearch
tool as of now.

Benefits of early diagnosis

Early initiation of treatment minimizes malnutrition
and isassociated with better BM 1 and better lung functions.”
It also avoids misdiagnosis and exposure of the child to
other unnecessary investigations and medications, apart
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Table II. Diagnostic criteria for Cystic fibrosis (Cystic fibrosis foundation consensus

guidelines)®

Both the following criteria must be met to diagnose CF

Clinical symptoms consistent with CF in at least one
organ system, or positive newborn screen or having a
sibling with CF

Evidence of CFTR dysfunction(any one of the following):

Elevated sweat chloride >60 mmol/L

Presence of two disease causing mutations in the CFTR
gene, one from each parental alele

Abnormal chloride transport (nasal potential difference)

from offering surviva benefit. Family members can benefit
from genetic counselling and option of prenatal diagnosis.

New born screening (NBS)

Dried blood spot sample obtained by heel prick isused
for measurement of immunoreactive trypsinogen (IRT),
apancreatic enzyme. Babies affected by CF have high IRT
levels, due to pancreatic injury which has onset in utero.
Most countries have developed an algorithm which
involvesa?2 or 3tier testing to improve the sensitivity and
specificity of the screening program. Some strategies are
IRT/ IRT algorithm, IRT/ DNA agorithm and IRT/ DNA/
IRT agorithm.®

Screen positiveinfantsarereferred for sweat chloride
testing for confirmation of diagnosis. Treatment isinitiated
after confirmation generally. However, infants who have
aready manifested early symptoms like steatorrhoea and
poor weight gain, can be started on pancreatic enzyme
supplements empiricaly.

Some countries use estimation of pancreatitis
associated protein (PAP) level, another pancreatic enzyme
inNBSa gorithm to improve the specificity of the system.®

Other investigations recommended when a child is
suspected/confirmed to have CF are

1. Tests for pancreatic insufficiency

e Measurement of faecal elastase - Level >200mcg/gm
of stool confirms pancreatic insufficiency. Thisisan
ELISA test specific for human enzyme and hence
pancreatic enzyme supplements do not affect the result
of thistest.

e 72 hour stool collection and estimation of stool fat
can confirm pancreatic insufficiency.

2. Assessment of fat soluble vitamin deficiency (A, D, E, K).
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3. Sputum culture sensitivity - Coughed up sputum, induced
sputum or a deep throat swab after chest physiotherapy
are acceptable ways for specimen collection.

4. Screening for tuberculosis or atypical mycobacteria
infection.

5. Radiological imaging - Chest X-raysand low dose HRCT
are used to demonstrate bronchiectasis.

6. Pulmonary function tests- Monitoring forced expiratory
volume in 1 second (FEV1) by spirometry helps to track
decline in lung functions over time. Reduction in forced
expiratory flow (FEF) 25-75% reflectsearliest small airway
disease in children with CF.

7. Annual screening of all children with CF - In addition to
routine radiology and sputum test, one should include
estimation fat soluble vitamin levels, serum IgE levels to
monitor for ABPA and oral glucose tolerance test
(>10 years) to screen for CF related diabetes.

8. Metabolic alkalosis, hyponatremia, hypochloremiaand
hypokalemia are encountered during illnesses and
dehydration. These values may be normal when patients
arewell.

9. Liver function tests and ultrasound screening of liver.

10. Where sweat testing facility isnot available, aguagenic
wrinkling isasimple bedside test used to identify children
who have high probability of the condition.

Aquagenic wrinkling test - Wrinkling of fingers and hands
when immersed in water for 3 minutes has a high
sensitivity(81%), but low specificity (56%) for identifying
children with CF who need referral for diagnostic
confirmation.*®
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Additional useful newer tests

Lung clearance index - lung clearance index (LCI)
measured by multiple breath washout isasensitive measure
of ventilation inhomogeneity; reflects abnormalities of the
smaller airwayswhich are considered the site of early lung
injury in CF1

Treatment

Treatment of CF has been largely supportive and
symptomatic.

Pulmonary treatment

With a goal to clear secretions from airways, many
airway clearancetherapy (ACT) techniques are employed.
Theseinclude postural drainage, vibration and percussion,
positive pressure devices + oscillation, various breathing
techniques and physical exercises. There is divergence of
opinion on the best methods and specific evidence is
lacking on superiority of any particular modality.
Supervision by atrained physiotherapist and adherenceto
a regime that is acceptable/suitable for the patient is
important.

Nebulised hypertonic saline (HTS) (3 to 7%) is a
hyperosmolar agent which helps to rehydrate the
dehydrated mucus layer thus enhancing mucociliary
clearance. It has been proven to be helpful in decreasing
frequency of infective exacerbations.? Dose used is 4 ml
of 3-7% HTStwice a day.

Recombinant human DNAse is the inhaled form of
enzymethat cleaves extracellular DNA of neutrophilsand
bacteria accumulated in CF airways. This is used in
conjunction with ACT and is usually administered
anywhere between 30 min to 8 hours before a chest
therapy.'? Recommended dose is 2.5 mg per day.
Another hyperosmolar agent mannitol when used asinhal ed
dry powder preparation can improve sputum Viscosity.
Dose recommended is 400 mg twice aday.®® Both DNAse
and mannitol are not yet available in India.

The recommended protocol for airway clearance
therapy (ACT) involves bronchodilator administration first
followed by hypertonic saline nebulization. Thisinturnis
followed by chest tapping, vibration or use of devices for
airway clearance. Following this, the child is taught to
effectively cough out any airway secretions. Any prescribed
inhaled medications (e.g. nebulised antibiotics, inhaled
steroids etc) are used after the above steps.
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Antibiotics

Antibiotics are used in CF for 3 main indications -
infective exacerbations, eradication of pathogens like
pseudomonas aeruginosa and for chronic maintenance
therapy (inhaled antibiotics) to suppress bacterial load.

Indicators of pulmonary exacerbation include
decreased exercisetolerance, increased cough and sputum,
loss of appetite or weight and increase in the intensity of
adventitious sounds on examination of the lung.*

Antibiotic choicefor aninfective exacerbationismade
based on the on the available sputum culture results;
conventionally 2 sensitive antibioticsare used for aduration
of 2 weeks.

Eradication of initial Pseudomonas aeruginosa
infection

Many strategies are reported

1. Inhaled tobramycin 300 mg twice a day for 28 days
(most widely used regime)

2. Inhaled gentamicin (intravenous preparation 80 mg
for those <12 years and 160mg for >12 years) twice a
day combined with ora ciprofloxacin for 3 months
(this regime has been used in resource poor country
i.e. Africa).®

Anti-inflammatory treatment

Azithromycin - Chronic therapy is used in patients
colonised with Pseudomonas aeruginosa

Dose for <40 kg body weight is 250 mg and > 40 kg
body weight is 500 mg as a single dose three days aweek.

Ibuprofen can be used in patientsaged 6 - 18 years, to
limit annual decline in lung function (FEV1).*2 However
this drug is not routinely used.

Useof inhaled steroidsisrestricted to those who have
asthma.

Vaccination

Routine vaccination is mandatory as many of the
vaccine preventable diseases (measles, chicken pox etc)
can cause rapid deterioration of pulmonary status in
children with CF.

Pancreatic enzyme replacement ther apy

Pancreatic enzyme replacement therapy (PERT) refers
to the administration of pancreatic enzymes (porcine or
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(Commonly followed)

Older children and adolescents

Methods Doses
Infants < 12 months of age 2000 - 5000 lipase unit per feed or 120 ml of formula
Meal method 12 monthsto 4 years Initial doseis 1000 units per kg /meal

Starting dose is 500 lipase units per kg per meal

Fat gram method

500 to 4000 lipase units per gram of fat ingested

bovine origin) along with all fat containing foods in
individuals with pancreatic insufficiency (Table I11).

Indications of PERT include presence of features of
frank fat malabsorption, evidence of pancreatic
insufficiency as proven by tests, and when a patient has
2 CFTR mutations known to be associated with PI.

Young infants under evaluation for CF, may be
initiated on PERT, as soon as a diagnosis of CF is
considered highly likely, even while awaiting results of
the tests. This is a life saving measure as any delay can
result in fatal outcome.

Dosage of PERT can be decided by meal method or
fat gram method.

Adequacy of PERT dose is indicated by passage of
one to two non greasy, non foul smelling stools per day
and adequate gain in body weight.

Administration of PERT

Enzymes are dispensed as enteric coated granules
within each capsule. Strength of the enzyme is expressed
as International Units of lipase content. Commonly
available strengthsin Indiaare 10000 IU and 25000 1U.

When a lower dose is prescribed for an infant, the
capsule needs to be opened and the contents divided into
small portions approximately containing required dose
(e.g. /5" of 210000 U capsule to give 2000 V).

It is preferably administered mixed with a small
amount of acidic food so that the activation is delayed till
it reachesthe alkaline medium of the duodenum. Fruit jam,
yoghurt, apple sauce etc. are usually used for this purpose.

Vitamin supplementations

Supplementation of fat soluble vitamins is required.
The dosage guideisgivenin Table I V.
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Salt supplementation

Addition of extra salt is very important in infants to
ensure growth and prevent salt loss symptoms.
Childrenwho play outside or exercise need extrasalt intake.
Thisis especially important on hot days.

Suggested doses for infants -
1/8" of teaspoon of table salt till 6 months of age
1/4™ of teaspoon after 6 months of age

This amount should be measured and evenly divided
and added to feeds throughout the day.

Precision therapy for CF
CFTR Modulator treatment

Last couple of decades have seen unprecedented
progressin CF care with the advent of CFTR modulators.
Modulators are highly effective small molecules which
through their intracellular action, help to improve CFTR
function at the cell surface.

There are 2 types of modulators.

Potentiators enhance the opening of the CFTR
channels which are already existing on the cell surface to
alow transport of chloride and bicarbonate ions.

Correctors increase the CFTR channel quantity.
Thisisdone by helping the protein fold correctly, enabling
transport to the surface of the cell.

Four molecules have been approved for clinical use.
Ivacaftor (potentiator), lumacaftor, tezacaftor (both first
generation correctors) and elexacaftor (second generation
corrector).

Available therapies are

e |vacaftor as monotherapy for patients aged >1 month
with > 1 copy of 97 variants including G551D, 3849
+10kbC—T etc.
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Table IV. Doses for VITAMIN A, D, E, K supplementation in CF!5

Fat soluble vitamins Age category Daily doses
VitaminA Infants 1500 1U
(Recommendations based on retinal form) Toddlers 5000 1U
410 8 years 5000-10,000 1U
> 8 years 10,000 1U
Vitamin D Infants 400-500 1U
(Cholecalciferal is the preferred form for supplementation) 1to 10 years 800-1000 1U
> 10 years 800-2000 1U
Vitamin E Infants 40-501U
toddlers 80-150 1U
4-8 years 100-200 1U
> 8 years 200-400 1U
Vitamin K All age groups 0.3-0.5mg

¢ Combination of lumacaftor and ivacaftor approved for
patients >1 year of age with 2 copies of del508phe.

e Combination of elexacaftor-tezacaftor-ivacaftor
approved for children above 2 years with at least
1 copy of del 508phe and other variants.

Theratyping: A technique used to check for invitro response
of a certain mutation to the modulators. If there is a
response, apatient with that mutation isgiven atrial of the
modul ator combination even though elaborate clinical trials
have not been done to prove that the drug is useful.

Side effects commonly encountered during treatment
with CFTR modulatorsincludeliver function derangement
(monitoring needed every 4 months), cataract, drug
interactions and gastrointestinal symptoms

Whileivacaftor and triple drug combination treatment
are considered highly effective modul ator treatment proven
toimprovelung functions, BMI, quality of lifeindicesand
decrease the sweat chloride values, issues related to the
cost (roughly USD 300000 per year per person) and
nonavailability, make these drugs inaccessible for most
children in the low and middle income countries.
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Treatment modalities other than modulators in the
therapeutic pipeline’® and their proposed mechanism
of action.

Stahilizers: Rescuing the protein stability at the plasma
membrane

Read-through agents and NMD Inhibitors: Rescuing
the protein synthesis

Amplifiers: Increasing the abundance of protein
substrate

Antisense oligonuclectides: Correcting the aberrant
splicing
Gene therapy

Prognosis of CF

There has been a steady increase in life expectancy
of patients with CF over the years.

Now, adults comprise 58.3% of the total US cystic
fibrosis population. In 2021, the median age of survival in
the US was approximately 53.1 years (95% CI, 51.6-
54.7 years) for people born from 20172 through 2021.
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High infant mortality and severe morbidity are
associated with late diagnosis of CFin Indian subcontinent.
Life expectancy in the mgjority is upto the second decade
only. However, with increasing awareness and concerted
efforts of al stake holders, this is sure to change in the
next decade.

Points to Remember

e Cysticfibrosis(CF) an autosomal recessive condition
existsin India, determination of its precise magnitude
is urgently needed considering its implications on
childhood mortality.

e Sweat chloride estimation is the gold standard test
for diagnosis of CF. Elevated sweat chloride level
>60mmol/L or demonstration of the presence of two
disease causing variantsin the CF TR gene confirms
the diagnosis.

e Earlyinitiation of treatment with pancreatic enzyme
replacement therapy, good nutrition and airway
clearance therapies minimizes malnutrition,
improves quality of life and is associated with better
lung functions.

e |In thiserawhen highly effective modulator therapy
(HEMT) has changed the trajectory of disease
progression, global disparitiesin accessto careneed
to be urgently addressed.
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PULMONOLOGY

PULMONARY MANIFESTATIONS IN
PRIMARY IMMUNODEFICIENCY

* Sagar Bhattad
** Neha Singh

Abstract: Primary immunodeficiency diseasesarea group
of inherited disorders characterized by susceptibility to
infections, allergies, autoimmunity and malignancies.
These disorders are better known as inborn errors of
immunity. Whileinborn errorsof immunity can affect every
organ system, therespiratory systemisthe most commonly
afflicted. Sinopulmonary infections cause significant
morbidity and mortality, however, the spectrum of
sinopulmonary involvement also includes immune
dysregulation, bronchiectasis, interstitial lung disease and
malignancies. In this article, we discuss the pulmonary
manifestations of inborn errors of immunity and provide a
diagnostic approach and simplified algorithms to ensure
a timely diagnosis in these patients.

Keywords: Inborn errors of immunity, Pneumonia,
Immune dysregulation.

Primary immunodeficiencies (PIDs) are a group of
genetically heterogenous diseases that predispose the
affected individuals to recurrent infections, allergy,
autoimmunity and malignancy.! The term inborn errors of
immunity’ (IEI) wasintroduced by the International Union
of Immunological Societies (IUIS) expert committee in
2017 to highlight the wide spectrum of manifestations noted
in these diseases. As per the recent 1UIS 2022 update,
485 |El have been described to date and this list keeps
evolving with better understanding and advancements in
molecular genetics. It is estimated that 1% of the world's
population isaffected by an I1El; however, 70-90% of these
cases remain undiagnosed.? I[UIS 2022 update has
classified | El into 10 broad groups based on the underlying
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fundamental immune defect.® Combined immune
deficiencies with severe T-cell deficiency are likely to
present at a younger age and have poor outcomes unless
treated with a hematopoietic stem cell transplant (HSCT).
Humoral immune deficiencies with B cell defects often
present beyond six months of age, as placentally transferred
maternal 1gG levels diminish in the body.*

Pulmonary manifestations in IEI

While IEls can affect any organ system in the body,
the respiratory system is the most commonly affected in
patients with 1EI.# Upper respiratory tract infections
(otitis media, sinusitis) and lower respiratory tract
infections (bronchitis, pneumonia) are often the presenting
manifestations in 1El. Undue delay in diagnosis resultsin
irreversible lung damage and bronchiectasisin a subset of
these patients. Interstitial lung diseaseisanother significant
complication and needs special mention in the context of
IEl. In this article, we shall discuss infectious and
non-infectious manifestations of 1El and present afew real-
life case scenarios highlighting the diagnostic approach.
Pediatricians and physicians must be aware of these
diseases to ensure a timely diagnosis and appropriate

Table I. Pulmonary manifestations of IEI

1. Infections

a. Bacteria

b. Fungal

c. Vird

2. Immune dysregulation

a) Granuloma

b) Pulmonary fibrosis

¢) Inflammation

d) Bronchiectasis

€) Obliterative Bronchiolitis
f) Interstitial lung disease

g) Pulmonary fibrosis

3. Maignancy
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therapy. The complete spectrum of pulmonary
manifestationsin 1EIl has been summarised in Table .

1. Infections

Sinopulmonary infections are a dominant
manifestation of humoral defects and contribute
significantly to morbidity and mortality. Classically
described as severe, persistent, unusual and recurrent
(SPUR), respiratory infections in IEI differ from non-IEI
patients.* The underlying immune defect determines the
profile of infections.

a. Primary antibody deficiency (PAD) / Humoral
immune deficiency

Antibody deficiency predisposes patientsto recurrent
infections with encapsulated organisms, including
Sreptococcus pneumoniae, Haemophilus influenzae and
Saphylococcus aureus.* All the diseases in the group
present with pneumonia, sinusitis, otitis media and upper
respiratory illness. As these infections readily respond to
routinely used antimicrobials, the diagnosisis often delayed
by monthsto years. X- linked agammaglobulinemia(XLA),
common variable immunodeficiency (CVID) and hyper
IgM (HIgM) syndrome are the common humoral immune
deficiencies*

i) X- linked agammaglobulinemia (XLA)

XLA isahumoral defect where patients do not have
B-cells and as a result, fail to produce antibodies.
XLA was the first officially reported IEI, described by
Colonel Bruton in 1952 and has a variable pulmonary
presentation.® Besides the encapsulated organisms,
Mycoplasma pneumoniae and Bordetella pertussis have
also been reported in XLA patients.#®

ii) Common variable immunodeficiency (CVID)

CVID is characterized by defective antibody
production and is the most common symptomatic |EI
known to manifest in adults.”® These patients are
predisposed to devel op secondary complicationsincluding
cavitation and pneumatocel e formation.® Haemophilus and
streptococcal infections cause acute exacerbation, while
pseudomonas and staphylococcal infections cause
progressive lung damage.® Opportunistic infections like
mycobacterial infections, mycoplasma and ureaplasma
have also been reported in CVID.*1° Cytomegalovirus
(CMV), varicella-zoster virus (VZV) and herpes simplex
virus (HSV) have been reported to cause severe pulmonary
infectionsin CVID patients.#
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iii) HIgM syndrome

Thisisagroup of disorders characterised by defective
class-switch recombination and as a result, these patients
only produce IgM antibodies. Patients with HIgM
syndrome havethe predisposition to develop Pneumocystis
jirovecii pneumonia (PJP). Candida, cryptococcus and
histoplasma have been isolated in these patients.
Rare organisms like Talaromyces marneffei and viral
infections caused by CMV and adenovirus have also been
reported in HIgM syndrome patients.**2

b. Defects of cellular immune response

Combined immune deficiency disorders involve
cellular and adaptive immunity, predisposing the patients
to a broad range of pathogens. Severe combined
immunodeficiency (SCID) is a type of combined defect
that presentsin early infancy and has a poor outcome.

i) SCID

SCID is an inherited disorder with functional or
quantitative defects in T lymphocytes with variable
involvement of B and NK cells or large granular
lymphocytes (LGL). This is a severe form of immune
deficiency that predisposes young infants to several
opportunistic infectionsand isuniversally fatal, unlessthe
patient is subjected to an HSCT. A large multi-centric study
of SCID patients from India has reported pneumonia in
82% of SCID patients.®* The common viral infections in
SCID include parainfluenzatype 3, CMV, adenovirus and
respiratory syncytial virus (RSV). Mortality due to
persistent RSV bronchiolitishasal so been reported in SCID
patients.* SCID is the most common |EIl associated with
PJP

ii) Combined immune deficiency (CID)

This group of disorders encompasses combined
defects with a milder presentation compared to SCID.
Signal transducer and activator of transcription 3 (STAT3)
deficiency and dedicator of cytokinesis 8 (DOCKS8) are
two prototype diseases described as autosomal dominant
and autosomal recessive hyper IgE-syndrome (HIES)
respectively. Patients with STAT 3 deficiency can develop
large pneumatoceles due to poor collagen remodelling.
Aspergillus and Scedosporium species have also been
isolated in STAT3 deficient patients.*

c. Phagocytic disorders

Phagocytes(neutrophils and monocytes) are the
primary drivers of the innate immune response.
Chronic granulomatous disease (CGD), congenital
neutropenia and leukocyte adhesion defect (LAD) are the
common disorders included in the group.
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i. Chronic granulomatous disease (CGD)

CGD is the prototype macrophage defect with
defective NADPH oxidase necessary for effectively killing
bacterial and fungal pathogens. Pulmonary infections
constitute 80% of the disease burden, with the most
common manifestation being pneumonia, followed by lung
abscess formation.*® The common pathogens are
catalase positive organisms, including
Staphylococcus aureus, Serratia marcescens,
Burkholderia cepacia, Klebsiella pneumoniae, Nocardia
and pseudomonas species. Mycobacterium tuberculosis,
BCG and Salmonellaalso affect CGD patientsin endemic
countries.Organisms like Legionella pneumoniae,
Actinomyces species and Neosartorya udagawae are
pathognomonic in CGD.* Aspergillusisthe most common
fungal infectionin CGD and isaleading cause of mortality
in these patients. Aspergillosis may not be picked up on
plain radiographs and require computed tomography (CT).
CT signs include ground-glass opacities suggestive of
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pulmonary haemorrhage and aclassic “air crescent sign”,
indicating the evolving cavity formation. Other organisms
like candida are a so frequent.* Pulmonary botryomycosis
isarareinfection reported in CGD.¢1solation of organisms
isalwayschallenging in CGD patients and the successrate
isonly around 52% despiteinvasive procedureslike needle
biopsy or bronchial lavage.®

ii. Congenital neutropenia

Congenital neutropenia is a group of disorders
associated with low neutrophil counts (<1500 cells/mm?)
predisposing patients to recurrent infections. It may be
intermittent or permanent, mild (500 - 1500 cells'/mm3) or
severe(<500 cells'mmd) and affect organ systems such as
the central nervous system, heart, pancreas and skin.
The infection risk increases profoundly if the neutrophil
counts are less than 200 cellsmm?®.'” Severe congenital
neutropenia is associated with freguent staphylococcal
infections. Aspergillosisisa so known in severe congenital
neutropenia.*

Fig.1. Common immune deficiencies known to present with recurrent sinopulmonary

infections.

(SCID - Severe Combined Immune Deficiency, CGD - Chronic granulomatous disease, LAD - Leucocyte adhesion defect,
XLA - X linked agammaglobulinemia, HIgM - Hyper-IgM, CID - Combined Immune Deficiency, LSSA- Lymphocyte
Subset Analysis, CVID - Common Variable Immune Deficiency) , NBT/DHR - Nitrobl ue tetrazoliumtest/ Dihydrorhodamine

(DHR) test
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iii. Leukocyte adhesion defect (LAD)

LAD isan autosomal recessive leukocyte functional
defect where the neutrophilsfail to emigrate towards sites
of inflammation from the bloodstream, which leads to
reduced inflammatory response despite significant
neutrophilia. Theinfection profileissimilar to patientswith
neutropenia.* Delayed cord fall, omphalitisand non-healing
cutaneous ulcers are peculiar features of this disease.

d. Complement deficiencies

Complement system deficienciesare rare and present
with life-threatening pneumonia. Early complement system
involvement (C1-C4) is associated with pyogenic
infections, while terminal complement defects present with
neisserial infections. C3 deficiency is associated with
recurrent streptococcal pneumonia.’®

e. Other immune deficiencies

Certain |Els predispose to peculiar infections.
Epstein Barr virus (EBV) is reported in numerous IEls,
including patientswith activated phosphoinositide 3 kinase
deltasyndrome (APDS) and X-Linked lymphoproliferative
disease.’®

Various immune deficiencies known to present with
sinopulmonary infections based on the typical age of
presentation have been highlighted in Fig.1.

2. Immune dysregulation
a. Granulomas

Granulomas have been widely reported in CVID and
CGD patients. Pulmonary granulomas in CGD are non-
caseating and composed of multinuclear giant cells.
They involve the main bronchus and cause obstructive
symptoms. They are often sterile, suggesting the underlying
inflammation can be independent of infections. Nocardia,
aspergillusand Burkholderia cepacia infectionshave been
implicated in granuloma formation.?>22 Granulomas have
also been reported in CVID. They have been described
under the broad spectrum of granulomatous-lymphocytic
interstitial lung disease (GLILD). The exact pathogenesis
remains unclear. There have been associations with
infections, including human herpesvirustype 8, EBV and
CMV.4

b. Lymphoproliferation

Abnormal proliferation of lymphocytes in lymphoid
organs causes lymphadenopathy, adeno tonsillar
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hypertrophy and hepatosplenomegaly.Lymphoproliferation
is well known in CVID and CVID-like illnesses
{lipopolysaccharide responsive and beige-like anchor
protein (LRBA), Cytotoxic T lymphocyte antigen 4
(CTLA-4), activated phosphokinase delta syndrome
(APDS)} APDS patients have mucosal lymphoid
hyperplasiapresent throughout the airway and may develop
into B-cell lymphomas.®®

c. Primary alveolar proteinosis

Primary alveolar proteinosis (PAP) is characterized
by the accumulation of pulmonary surfactant, leading to
respiratory insufficiency and recurrent infections. It may
be an autoimmune condition due to anti-granulocyte-
macrophage colony-stimulating factor (GM-CSF)
autoantibodies or congenital due to colony stimulating
factor 2 receptor subunit alpha (CSF2RA) mutations and
ADA deficiency. It has been reported in HIgM with PCP2
Guanine Adenine Thymine Adenine binding protein 2
(GATA?2) deficiency is another condition where alveolar
macrophages fail to clear the proteins and lipids, leading
to the deposition of this lipoproteinaceous material in the
alveoli. PAPhas been documented in up to 43% of patients
with ADA-deficient SCID.*

d. Allergy

Patients with primary humoral defects have allergic
complaints such as allergic rhinitis and asthma.
Patients with CVID have a chronic productive cough
indicative of chronic bronchitis and sinusitis.
Severe eczema has been noted in patients with
Wiskott Aldrich syndrome, DOCKS8 deficiency, STAT3
deficiency etc.

e. Angioedema

Hereditary angioedema belongs to the complement
pathway disorders associated with reduced or dysfunctional
Clinhibitor. Laryngeal involvement can belife-threatening
in these patients.®® Patients often present with recurrent
non-pruritic swelling involving various parts of the body
and recurrent pain abdomen. Low serum C4 levels can be
asimple screening test.

f. Bronchiectasis

Recurrent pyogenic bacterial infectionsin | El patients
cause air trapping, bronchial hypertrophy, abnormal
dilatation and terminally secondary bronchiectasis.™
Bronchiectasis marks the onset of irreversible or late
end-stage lung disease in these patients. The exact
pathogenesis of bronchiectasisremains poorly understood.
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However, there are certain plausible explanations. Patients
with humoral defects have poor mucociliary functions.
The pathogenic organisms create abiofilm that drives|ocal
inflammation. Once triggered, chronic local and systemic
inflammation can continue without active infection.
Phagocyte recruitment in the local tissue and subsequent
pro-inflammatory cytokine release causes direct airway
damage as bronchial wall fibrosis and atelectasis.
Despitetheincreased number of airway macrophages, these
patients have an impaired ability to clear apoptotic
neutrophils and organisms. Non-typable H. influenza has
been particularly implicated in the pathogenesis of
bronchiectasis in these patients.®

Bronchiectasis predominantly involvesthe middleand
lower lobes more than the upper lobe. It more frequently
affectsthe proximal bronchi andiscylindrical intype. Itis
more common in adults than children with humoral
deficiency.* While 94% of CVID patients have variable
lung involvement by computed tomography(CT), 23% have
evident bronchiectasis.?® Fourteen per cent of
HIgM syndrome patients devel op bronchiectasis. Half of
them have abnormal pulmonary function tests with a
restrictive pattern which may help to pick up the patients
early during the evolution of the disease.’® Patients with
STAT3 deficiency also have a higher risk of developing
bronchiectasis and pneumatoceles.*

g. Obliterative bronchiolitis (OB)

Chronic airway insult from recurrent infections
induces progressive bronchia narrowing and inflammation,
leading to obliterative bronchialitis. It is chalenging to
differentiate OB from bronchiectasis, and subtle changes
like decreased diffusion capacity of the lungs for carbon
monoxide (DLCO), obstructive patterns disproportionate
to the degree of bronchiectasis and oxygen desaturation
on exertion suggest evolving OB changes.®

h. Interstitial lung disease

Interstitial lung disease is a late complication
in IEl. In CVID, a specific entity called
granulomatous-lymphocytic interstitial lung disease or
GLILD isresponsible for high morbidity and mortality in
these patients. GLILD is a broad-spectrum group which
includes follicular bronchiolitis, nodular lymphoid
hyperplasia, reactive lymphoid infiltrates, lymphocytic
interstitial pneumonia, granulomatous lung disease and
organizing pneumonia. The pathogenesisis secondary to a
combination of lymphoid hyperplasia and granuloma
formation. Itisadistinct clinical entity from bronchiectasis
as GLILD is due to immune dysregulation, unlike
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bronchiectasis, where bronchial cicatrization occurs.
Pulmonary nodules have been reported in 20-40% of
patients with CVID, while interstitial lung disese (ILD)
has been reported in 10%.4

3. Malignancy

The overall risk for malignancy in IEIl is 1 to 25%.
It is higher in patients with CVID and
Wiskott-Aldrich syndrome(WAS). Most tumours are
associated with EBV (30-60%) infection. CVID patients
develop pulmonary lymphomas, especially Non-Hodgkin's
lymphoma.?” Solid tumours are rare and sparsely reported
as case reports of pulmonary adenocarcinoma and
leilomyoma. Secondary metastasis, for example, gastric
carcinoma, is more common in the lungs.*?8
Rarely, thymomas have been reported in 1-6% of patients
with primary humoral immunodeficiencies and this
syndromic association is known as Good's syndrome.?®

Diagnosis

The diagnosis of IEI is based on a thorough history
and examination. Jeffrey Modell Foundation’s 10 warning
signs of primary immune deficiency is an easy guide for
screening | El patients.® Specific tests include measuring
the serumimmunoglobulin levels, lymphocyte subset assay
and nitro blue tetrazolium (NBT) / dihydrorhodamine
123(DHR) assay.®

i. Immunoglobulins

B cells produce immunoglobulins or antibodies to
defend the body against infections, especially encapsulated
bacteria. Once activated, B cells secrete four types of
antibodies, including 1gG, 1gM, IgA and IgE. There are
four I1gG subclasses (1gG1, 1gG2, 1gG3 and 1gG4) and two
IgA subclasses (IgA1 and IgA2). During the first few
months of life, children are protected by maternal
antibodies, as aresult, antibody defects begin to manifest
in the second half of infancy. It is, therefore, prudent to
interpret the immunoglobulin levels using age-specific
normative data.

ii. Lymphocyte subset assay(L SSA)

T, B and NK cells can be enumerated using flow
cytometry. Low T cellsin aninfant with recurrent infections
is suggestive of SCID. Children with XLA have low
B cells. Lymphocyte subsets can be affected in a wide
variety of immune deficiencies and this assay is an
important screening tool while evaluating patients with
suspected immune defects.
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Fig.2a. Bluish-black pigment (formazan
granules) formation in slide indicates normal
oxidative burst. This pigment formation will
not be seen in a patient with CGD.

iii. Nitro blue tetrazolium (NBT) and
Dihydrorhodamine (DHR) tests

NBT test is a slide test useful for screening CGD.
CGD patients have a defective oxidative burst identified
by the inability to reduce yellow NBT dye to bluish-black
pigment (Formazan granules) (Fig.2a). However, there is
a high observer bias involved in interpretation; hence
dihydrorhodamine 123 (DHR) assay is the method of
choice. Healthy phagocytes reduce DHR to fluorescent
compounds, and this change in fluorescence of
DHR-loaded granulocytes after phorbol-myristate acetate
(PMA) stimulation is measured by flow cytometry
(Fig. 2b). Thistest can detect CGD patients and carriers.
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iv. Genetic testing

Molecular testing isthe definitive diagnostic modality.
As majority of immune deficiencies are single gene
disorders, Sanger sequencing of the gene involved can be
carried out. However, exome sequencing is the most
commonly usedtest in clinical practice, asit enablestesting
for a large number of genes in a cost-effective manner.
Moreover, immune deficiencieswith asimilar clinical and
immunological phenotype can be caused by defectsin a
variety of genes and hence, exome sequencing seems a
rational choice in this setting.

Following are a few cases of |El where pulmonary
involvement was a predominant manifestation.

Casel

Master A, a seven-year-old boy, presented with
recurrent pneumoniafrom three years of age. Three of his
maternal uncles had expired in childhood due to severe
infections. On examination, tonsilswere absent and lymph
nodes were not palpable.

Investigations:CBC: Hemoglobin (Hb)-11 gm/dL,
Total white cell counts (TC)-11,000/mm® (N L),
Platelet counts (PC)-3,43,000/mm3. CRP 30 mg/L

HIV  rapid test: Negative, Chest X-ray:
Bilateral consolidation, 1gG:<270 mg/dL (608-1572),
IgA <40 mg/dL (33-236), IgM <25 mg/dL (43-207) LSSA -
CD3 80% (1552 cells/cu mm), CD19 0%, CD56 18%
(359 cells/cu mm). Whole exome sequencing-pathogenic
mutation in BTK gene.

Fig.2b. DHR assay in a patient with CGD in comparison to a healthy control.
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Diagnosis. X-linked agammaglobulinemia (XLA)

Hewas started on 1V 1g replacement, following which there
were no further episodes of pneumonia.

Message: Patients with XLA present with recurrent
sinopulmonary infections. Absent tonsils and non-pal pable
lymph nodesin aboy presenting with recurrent infections
- one must think of XLA.

Case?2

Mrs A, a 35-year-old lady, presented with recurrent
pneumoniafor fiveyears. Shewas on home oxygen therapy
for more than two years. She was diagnosed with
bronchiectasis and was under the care of pulmonology
services.
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Investigations: Complete blood count (CBC): Hb-10 mg/dL,
Total count (TC)-10,000/mm? (N60 L35), Platelet count
(PC)-2,43,000/mm?.

Sputum examination - Negative for AFB. HIV rapid test:
Negative. HRCT Chest: Bronchiectasis.

She was referred to the Immunology services and the
following tests were carried out - 1gG:90 mg/dL
(639 - 1349), IgA <25 mg/dL(70 - 312), IgM 24 mg/dL
(56 - 352)

Detailed lymphocyte subset assay showed low un-switched
and switched memory B cells, Diphtheria antibody titres
(post vaccination) - undetectable

Fig.3a. Chest radiograph showed consolidation of right upper lobe. 3b. Bronchoscopy showed
extrinsic compression of right upper bronchus with significant narrowing and mucopurulent
secretions in right upper bronchus and left lower bronchus. 3c. Histopathological examination
(bronchial tissue) - Focal expanded interstitium with mixed inflammation 3d. Chest radiograph
on 3 month follow-up showed complete resolution of patch.
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Whole exome sequencing - negative.

Diagnosis. Common Variable Immune Deficiency

She was started on immunoglobulin replacement therapy.

Message: CVID can manifest with recurrent pulmonary
infections in adulthood. Immunoglobulins must be tested
inall patientswith bronchiectasis, with no clear underlying
diagnosis.

Case3

Master A, athree-year-old boy, presented with non-
resolving pneumonia for three months. He was born to a
third-degree, consanguineously married coupleand had two
episodes of pneumoniain the first year of life.
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Investigations: CBC: Hb-8.8 gm/dL, TC-60,000/mm?
DC-N70, L30, PC-7,43,000/mm?.

CRP 120 mg/L, sputum examination - negative for AFB,
HIV rapid test - negative, chest Xray - consolidation
involving the right lung (Fig.3a).

Bronchoalveolar lavage (BAL) was positive for
galactomannan, and he was diagnosed with aspergillus
pneumonia. Hewastreated with oral voriconazolefor three
months, following which his pneumonia resolved.

Immunological evaluation-1gG: 2520 mg/dL (345-1,236),
IgA: 120 mg/dL (14-159), IgM: 324 mg/dL (43 - 207)

NBT and DHR tests were performed and showed reduced
oxidative burst.

Fig.4a. Chest radiograph showed right upper love consolidation. 4b. Bronchoscopy showed
significant nodularity noted over the posterior membranous wall throughout the tracheobron-
chial tree. 4c. Histopathological examination (specimen - bronchial tissue) high power field
showed lymphoid aggregates in the subepithelial stroma. 4d. Lymphocytic exocytosis in the
mucosal lining with stromal plasma cells entrapping mucosal glands.
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Genetic studies. homozygous pathogenic mutation in
neutrophil cytosolic factor 1(NCF1) gene.

Diagnosis. CGD (due to NCF1 gene defect)) with non-
resolving pneumonia

Message: Patients with aspergillus pneumonia must be
screened for CGD.

Case4

Master K, a seven-year-old boy, presented with
recurrent cough with expectoration for the past four years.
On examination, he had bilateral cervical lymphadenopathy
and hepatosplenomegaly.

Investigations: CBC: Hb-10 mg/dL, TC -10,000/mm?3(N70
L30), PC -2,43,000/mm?3.

HIV rapid test: Negative, Chest X-ray - consolidation
involving the right lung (Fig.4a).

The bronchoscopy showed significant nodularity over the
posterior membranous wall throughout the
tracheobronchial tree (Fig.4b). The histopathological
examination was consistent with follicular bronchialitis.
1gG: 1830 mg/dL (608-1572), IgA: 138 mg/dL (33-236),
IgM: 233 mg/dL (43 - 207), IgE 41 IU/L

LSSA: CD3 67% (1927), CD19 3.6% (104), CD56 28.9%
(829), CD4 17.8%(512), CD8 .40% (1160), CD4/8 0.44

Genetic studies: Heterozygous mutation [¢.1573G>A
(p.Glu525Lys)] in Exon 10 of PIK3CD

Diagnosis: Activated phosphokinase delta syndrome
(APDS)

Message: Follicular bronchiolitis is a form of mucosal
lymphoproliferation and has been reported in patientswith
APDS.

Conclusion

Respiratory involvement isthe most common systemic
involvement in patientswith | El. Both infectious and non-
infectious complications are well-reported.
Patients presenting with recurrent pneumonia, recurrent
sinusitis, non-resolving pneumonia and complicated
pneumonia (empyema, lung abscess) must be screened for
an underlying IEI. Interstitial lung disease at a young age
and unexplained bronchiectasiswarrants eval uation for an
underlying | El. Immunoglobulins must betested in patients
with recurrent sinopulmonary infections.
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Points to Remember

e Respiratory system is the most commonly affected
system in patientswith primary immunodeficiencies
(PIDs), also known as Inborn Errors of Immunity
(IEI).

Humoral defects (antibody deficiencies) arethe most
common group of 1ElI known to present with
recurrent sinopulmonary infections.

| El's can also manifest with immune dysregulation,
bronchiectasis, interstitial lung disease and
malignancies.

Certain organismsmay point towardstheunderlying
diagnosis - Aspergillus pneumonia in chronic
granulomatous disease, Pneumocystis jirovecii
pneumonia in severe combined immune deficiency
(SCID) and hyper IgM syndrome (HIgM).
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PULMONOLOGY

INVESTIGATIONS IN OBSTRUCTIVE
SLEEP APNEA

* Neha Mohan Rao
** Ilin Kinimi

Abstract: Quality sleepisessential for normal growth and
development of a child. Obstructive sleep apneain children
isan under-recognized entity, which if present, significantly
affects a child's quality of life. Early recognition of the
condition and formal eval uation with a polysomnography,
thegold standard for diagnosisof OSA, enhancesthe child’s
daytimefunctionality. Other supportiveinvestigationsthat
help identify the cause of upper airway obstruction are
useful. Clinical correlation of the data obtained fromtests
is essential. Untreated obstructive sleep apnea can have
adverse long term metabolic, cardiovascular and
neurobehavioral effects.

Keywords: Pediatric obstructive sleep apnea,
Polysomnography.

Pediatric obstructive sleep apnea (OSA) has a
prevalence of about 1.2% to 5.7% world-over, depending
on the age group and definitions used.! However, this
number isthetip of theiceberg and OSA isahighly under
recognized entity in the pediatric population.
Timely diagnosis of pediatric OSA isimportant in order to
prevent long-term complications such as behavioral
problems, adverse neuro cognitive, metabolic, cardio
vascular effects and impairment of growth. Pediatric OSA
is a difficult entity to diagnose based on clinical
presentation alone. Polysomnography, which is the gold
standard investigation for OSA in children, helps in
confirmation of diagnosis and grading the severity.
Multidisciplinary input is required for the diagnosis and
treatment of pediatric OSA, with the involvement of
pediatricians, ENT surgeons, speech therapists,
cardiologists and geneticists. Early diagnosis and
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intervention help improve the quality of life of these
children.

All children seen in the pediatric outpatient services
should be evaluated with a sleep history as a part of their
routine eval uation. The most common presenting symptoms
of OSA in children include snoring, mouth breathing,
daytime sleepiness, poor school performance, behavioral
disturbances, hyperactivity, inattentiveness, difficulty
paying attention or difficulty concentrating and nocturnal
enuresis. Children with OSA also havefrequent night time
awakeningsand occasionally parentsal so observe cessation
of breathing followed by audible gaspswhiletheir children
are asleep. Parents also report abnormal postures during
sleep including extension of the neck, which is a posture
assumed in order to attempt to keep the upper airway open.
High-risk population groupsfor OSA include children with
craniofacial syndromes such as Pierre Robin sequence,
Trisomy 21, neuromuscular disorders and obesity.
Co-morbidities like allergic rhinitis and asthma have an
association with OSA.

Clinical signs include examination of the nose for
hypertrophy of turbinate and nasal polypsand examination
of the oral cavity for the presence and grading of enlarged
tonsils. Enlarged adenoids can lead to fluid in both middle
ear cavitiesand hence otoscopy and assessment of hearing
becomeimportant. In addition to looking for adenoid facies
or midfacial hypoplasia, it is important to auscultate the
heart to look for signs of pulmonary hypertension, which
isaconseguence of severe untreated OSA. Untreated OSA
can also lead to systemic hypertension and hence
measurement of blood pressure is essential.
Facial dysmorphism and craniofacial anatomy must be
evaluated and growth including body mass index (BMI)
should beformally plotted on an appropriate growth chart.

Good quality sleep is essential for children to grow,
and impaired sleep can lead to school absenteeism, poor
daytime functioning, mood disorders, impaired growth and
development, poor cardiovascular health and metabolic
syndrome. Not al children with snoring need evaluation
for OSA, since 3-15% of all children may have primary
snoring. Although some children with OSA present with
classical symptoms and signs, it is often a condition that
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presents with no specific symptoms. History and clinical
examination have been reported to have positive predictive
valuefor diagnosis of OSA of 65% and 46% respectively.?
Hence it becomes important to have a high degree of
clinical suspicion, especialy in children with underlying
syndromes and have alow threshold to perform relevant
investigations to confirm the diagnosis of OSA.

Pediatric sleep questionnaires are useful tools for
screening children with suspected OSA. The Obstructive
Sleep Apnoea-18 (OSA-18), the Pediatric Sleep
Questionnaire (PSQ) and the Children’s Sleep Habits
Questionnaire (CSHQ) are afew available questionnaires
and these exhibit varying degrees of performance.
In asystematic review conducted by Incerti Parenti, et al®,
Sleep related breathing disorders-PSQ (SRBD-PSQ)
proved to be the most sensitive questionnaire with the most
robust characteristics. Questionnaires have a good
sensitivity for detecting symptoms of mild OSA in
children.* Additionally, certain questionnaires, for instance
the PSQ could be considered in combination with another
modality such as pulse oximetry as an early detection tool
for diagnosis of OSA in children. The Pediatric Sleep
Questionnaire developed by Chervin, et al is the most
commonly used questionnaire, with its short version of
22 questions available in several languages.®

Investigations

Investigationsto confirm diagnosis of pediatric OSA
can be classified into three groups

1) Investigations for confirmation of diagnosis:
Polysomnography(PSG) is the gold standard for
diagnosisof pediatric OSA. Itisasoknown aslevel 1
sleep study. Other tests such as overnight oximetry
and cardiorespiratory sleep study (CRSS) are useful
in situations where PSG is unavailable.

2) Investigations for upper airway evaluation: This
includes X-ray nasopharynx, nasal endoscopy,

computerized tomography (CT) and magnetic
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resonanceimaging (MRI) of the upper airway. Newer
modalities such as drug induced sleep endoscopy
(DISE) may be used in certain special situations.

3) Newer modalities: This include Watch-PAT(Watch
Peripheral Arterial Tonometry) and biomarkers for
OSA

1) Investigations for confirmation of diagnosis
a) Overnight pulse oximetry

Overnight pulse oximetry measures a change in
oxygen saturation as a surrogate marker for an obstructive
event (Fig.1). The test is simple and easily available;
however, it does not measureairflow. It isimportant to use
the right type of oximeter with recommended averaging
time of 2-3 seconds. While overnight oximetry has a high
specificity of about 98%, it has a sensitivity of only 43%.
On comparing overnight oximetry with PSG, oximetry
showed sensitivity of 60% and specificity of 67% in
detection of moderate OSA .58

However, there are a few practical issues.
The averaging time of the pulse oximeter should be less
than 3 secondsto obtain accurate data. Movement artifacts
with the pediatric oximeter probe are common. Oximetry
provides limited information as children with severe OSA
may have disturbed sleep and an arousal with minimal dip
in saturation. Therefore, overall oximetry alone is
inadequatefor diagnosisbut isuseful for screening patients
and triaging. Advantages are that the test is of low cost,
can bedone at home and hasgood positive predictivevalue
(97%).

The McGill oximetry scoring system, which is the
most common scoring system used for oximetry was
developed by Nixon, et a.® It is based on the number of
dropsin arterial oxygen percent saturation (Sa0O2) and the
number of clusters of desaturation events, with scores
ranging from 1 to 4. A score of 1 indicates a either normal
orinconclusivefor OSA, ascore of 2 designatesmild OSA,
3 indicates moderate OSA and 4 is severe OSA.

Fig.1. Overnight oximetry with oxygen saturation in green and heart rate in red
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Fig.2. Cardiorespiratory sleep study with channels

Wu, et a .4, in their meta-analysis, showed that pulse
oximetry had a high specificity for screening children
without mild OSA. They determined that the combined
use of the PSQ with pulse oximetry can detect OSA in
children, but is only to be used if PSG is not available.

b) Cardiorespiratory sleep study

A cardiorespiratory sleep study(CRSS) incorporates
limited channels for assessment of sleep, and can be
performed either in hospital or at home (Fig.2). Equipment
consists of avideo camera, chest and abdomen bands for
respiratory effort using plethysmography, airflow
measurement via thermistors or nasal cannula,
measurement of heart rate, oxygen saturation and
transcutaneous carbon dioxide.

The advantages of aCRSSisthat it provides adequate
datafor detection of apnea, helpsin differentiating central
and obstructive apneas and helps quantifying the degree
of hypoxia. It can also be done at home. The disadvantages
are that since it does not have an electroencephal ograph
(EEG), it cannot pickup seizures or arousals and the
absence of EEG and electromyograph (EMG) make sleep
staging difficult. Hence it is not an ideal test.

¢) Polysomnogr aphy

A level 1 polysomnography is the internationally
recognized gold standard test for diagnosis of OSA.
Thetest should be supervised by personnel and performed

80

in a dedicated pediatric sleep lab. The test is performed
preferably at night, since night time sleep includes REM
sleep, usualy in the second half of the night. REM sleepis
when muscle tone drops and OSA becomes prominent.
An ideal polysomnography contains at least six hours of
good quality sleep recording. Polysomnography may also
be used for titration of ventilator settings following
treatment of OSA.

PSG records the duration and quality of sleep,
documents episodes of apnea and hypopnea, arousals and
measures oxygenation. It includesthefollowing channels-
electroencephal ography (EEG), electromyography(EMG),
electrooculography (EOG), oxygen saturation (Sp0O,),
heart rate, electrocardiography (ECG), measurement of
respiratory effort by abdomen and thoracic bands
(plethysmography), measurement of airflow via nasal
cannula or thermistor, video camera, microphone and end
tidal carbon dioxide (ETCO2). From the parameters
recorded, a respiratory disturbance index (RDI), apnea
hypopnea index (AHI) and degree of hypoventilation are
derived (Tablel).

Definitions of apnea and hypopnea

As per the American Academy of Sleep Medicine
(AASM)* manual for scoring of sleep and related events,
obstructive eventshave areductionin airflow, asmeasured
by the nasal cannula or thermistor, but with sustained
respiratory efforts, as measured by respiratory and
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Table I. Levels of pediatric sleep studies and channels used

Level of study Name Channelsused

Level 1 Polysomnography Electroencephal ography (EEG)
Electromyography (EMG),

Electroocul ography (EOG),

Oxygen saturation (Sp0,),

Heart rate,

Electrocardiography (ECG),

Abdomen and thoracic bands (plethysmography),
Measurement of airflow vianasal cannula or thermistor,
Video camera,

Microphone

End tidal carbon dioxide (ETCO,)

Level 2 Cardio-respiratory sleep study Video camera,

Chest and abdomen bands for respiratory effort using
Plethysmography,

Airflow measurement viathermistors or nasal cannula,
Measurement of heart rate,

oxygen saturation,

transcutaneous carbon dioxide

Level 3 Overnight pulse oximetry Oxygen saturation
Heart rate
Reduced airflow + Duration + Respiratory Effort Type of event
Yes 2 breaths/20 seconds Present Obstructive
Yes 2 breaths/20 seconds Absent Central
Reduction in airflow >90% --------------- Apnea

Reduction in airflow >30% with physiological consequences (arousal, awakening or >3% fall in

oxygen saturation or in infants, bradycardia) -------------- Hypopnea
Obstructive Central
Apnea Hypopnea Apnea Hypopnea

Apnea Hypopnea Index (AHI) = Total number of events (apneas and hypopneas)
Hours of sleep

Fig.3. Apnea hypopnea index (AHI)
81
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Table II. Severity of OSA based on AHI

Severity of OSA AHI
Mild OSA 1-4
Moderate OSA 5-9
Severe OSA > 10

Box.1 Challenges faced while performing
pediatric PSG

Limited availability

High costs

Personnel dependent

Time consuming

Need for specialized equipment
Long waiting lists

Night to night variability

New sleeping environment for child- inaccurate
representation of events at night

abdominal bands, indicating an obstruction at the level of
the upper airway. A central event, on the other hand, has a
reduction or cessation of airflow, with the absence of
respiratory efforts.

Fig.4. Polysomnography with channels
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An apneais usualy defined as a >90% reduction in
airflow while a hypopneais given by >30% reduction in
airflow. Both obstructive apneas and hypopneas should | ast
for aduration of at least 2 breaths or 20 seconds).

An obstructive apnea in children is scored if a
respiratory event is associated with an absence
(or >90% reduction) of airflow that lasts for 2 or more
missed breaths and is associated with maintained
(or increased) inspiratory effort.

Anobstructive hypopnea is described as having a
>30% reduction in airflow signal and also lasts for 2 or
more missed breathswith preservation of respiratory effort.
An obstructive hypopnea needs to be associated with
aphysiological consequence, namely an arousal, an
awakening or a>3% fall in oxygen saturations (Sp0,) in
order to be scored.

A central apnea is an event associated with absent
inspiratory effort and an absence (or >90% reduction) of
airflow lasting for > 20 seconds duration or lasting for
>2 missed breaths and associated with a physiological
consequence (arousal, avakening, a >3% fall in SpO, or
in infants, bradycardia).

A central hypopneais scored when a 30% reduction
in airflow associated with concurrent reduction in
inspiratory effort lasting >2 missed breaths occurs in
association with a physiological consequence.



Indian Journal of Practical Pediatrics

The Apnea-Hypopnea index (AHI) is the number of
obstructive and mixed apneas and hypopneas per hour of
total sleep time. The AHI is used to identify the presence
of OSA and determine the severity of OSA. Based on the
AHI, the severity of pediatric OSA can be determined
(Fig.3. & Fig.4).

Threedegrees of OSA severity areidentified according
tothe AHI (Tablell).

There are several challengesto performing a PSG, as
listed in Box 1.

C) i. Single channel recordings

Few of the PSG parameters have been studied in
isolation and evaluated based upon their potential as a
single channel recording for pediatric OSA.™ Theseinclude
overnight ECG measuring heart rate variability, overnight
oximetry (discussed above), detection of body position
using actigraphy and assessment of respiratory eventsusing
nasal cannula. All have limited ability to detect OSA on
their own, but when used in combination with other testing,
have shown promise. Further studies are needed.

Similarly, Thomas RJ, et al recently developed and
tested a scoring system for sleep videos taken at home by
caregivers during episodes of abnormal breathing.
The authors found that low scores ruled out moderate-
severe OSA, while higher scores showed a sensitivity and
negative predictive value of 100%, for moderate to severe
OSA. They concluded that this newly validated clinical
scoring system is valuable in triaging children with sleep
related breathing disorders.*?

C) ii. Home based PSG

Post the COVID 19 pandemic era, home based sleep
apnea testing has become a popular method of testing.
Some of the advantages of home-based testing include
lower cost, better resource utilization and increased
comfort. In a systematic review and meta-analysis
performed in 2021** home testing showed good sensitivity
and specificity, indicating that it may be used asascreening
method for OSA provided it is used appropriately.
Patient selection for home-based studiesiscrucial. Withers
at a compared level 1 hospital-based PSG with level 2
home-based PSG in children aged 5 to 16 years and found
excellent correlation, with better sleep efficiency in the
home-based study.** Similar resultswere obtained by loan,
et a™, who suggested that unattended home PSG can be
used for screening of OSA in otherwise healthy children
when installed correctly.
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2. Investigations for evaluation of upper airway

Adeno-tonsillar hypertrophy isthe commonest reason
for anatomic obstruction of the upper airway in children.
Thisusually occurs between the ages of 3yearsand 8 years
and the size of the adeno-tonsillar tissue in relation to the
upper airway islargest then. However, it isknown that the
size of the adeno tonsillar tissue alone does not correlate
with the severity of OSA. Instead, the size of the adeno
tonsillar tissue relative to the size of the upper airway is
what is relevant.

a) Lateral X-ray nasopharynx is a readily available,
inexpensive, fast tool with minimal radiation exposure.
However, itsroleislimited asit has poor tissuevisualization
and is a 2-dimensional imaging technique.’® In addition,
interpretation of theradiograph isdependent on the position
of the neck of the child and is subject to inter observer
variability.

b) CT scans alow for 3-dimensional visualization of the
upper airway and are fast and quite easily available,
however sedation for smaller children, high radiation
exposure continue to remain problematic.

¢) MRI scans allow for 3-dimensional visualization with
lesser radiation exposure when compared to CT scans.
However, they come with disadvantages such as
requirement of sedation, longer scan times, cost
implications and unavailability. Cine-MRIs are useful in
patients with residual OSA after adenotonsillectomy to
identify the site of obstruction. Recent studies done have
shown the utility of cine-MRI in patients with persistent
OSA after adenotonsillectomy and failed initiation of
positive airway pressure therapy by helping identify the
site of residual obstruction.*

d) Nasal endoscopy with flexible scope allows for
evaluation of the patency of nasal cavitiesin addition to
assessment of enlarged adenoids. It helps assessing
dynamic airway obstruction, in addition to precisely
identifying the level of obstruction. It is asimple, easily
available, reliable, quick test but requiresareasonablelevel
of cooperation from the child and can therefore be
challenging to perform in younger children.

€) Drug induced sleep endoscopy(DI SE) in performed
in selected children, usually in the presence of residual
OSA after adenotonsillectomy. The drugs commonly used
are propofol, midazolam and dexmedetomidine.
Thisinvolves the placement of an endoscope on different
levels of the upper airway via the nose and direct
visualization of the site of obstruction. In a study by
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Gazzaz, et al*® to examine if DISE alters surgical
management in patients with OSA, it was found that 35%
had changes made to their surgical plan secondary to
findings on DISE. It is plausible that by using DISE
patient’ssurgical treatment plan may beindividualized and
DISE may be used to prevent unsuccessful surgeries.
Themgjor disadvantage of DISE isthat sincethe patientis
sedated, the visualized upper airway dynamics may not
truly be representative of those during natural sleep.
In addition, it is expensive and not easily available.
Additionally, introduction of aninstrument into the airway
affects resistance and pressures in the airway and has
potential to alter the site of obstruction.®®

3. Newer modalities.

a) Watch-PAT (Watch Peripheral Arterial Tonometry):
May be performed when PSG is unavailable. It is a
portable wrist worn device that uses actigraphy to
differentiate between sleep and wake stages.® It hasa
signal probe that measuresthe arterial volume change
in the fingertip. It is believed that episodes of apnea
and hypopneainduce awakenings and cause activation
of the sympathetic nervous system, |leading to
vasoconstriction which is detected by the probe.
The device is simple and can measure certain
parameters but data on pediatric OSA are limited.
Pediatric specific probes have not been devel oped yet
and accessibility continues to remain a problem.

Biomarkers for OSA: Since untreated OSA has a
significant impact on long term health, certain
biomarkers have been evaluated as adjuncts for
diagnosis of OSA. Pre-operative cardiac evaluation
has been considered, since untreated long standing
OSA can lead to altered left ventricular function and
right heart failure from pulmonary hypertension.
OSA isbelieved tolead to systemic inflammation and
therole of measuring CRP, both to predict development
of cardiovascular disease and for identification of
residual OSA has been studied.?>* However, its use
islimited dueto several other confounding factorsthat
can lead to elevation of CRP.

Salivary and urinary biomarkers have been tested for
diagnosis and prediction of severity of OSA in children,
however further dataare needed to better eval uate these. 4%

b)

Challengesin evaluation of pediatric OSA

History and examination alone are insufficient for
establishment of diagnosisof pediatric OSA. Inaccessibility
to PSG is the biggest challenge. Other issues are the cost
implications of the test and availability of qualified sleep
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technicians who can monitor the overnight test. Lack of
awareness amongst both patients and doctors about
pediatric OSA contributesto the problem. Long wait times
for PSG due to limited resources and lack of trained
personnel to interpret the test are other barriers.

Points to Remember

Agood deep historyispart of pediatric history taking
in the outpatient department.

Children with craniofacial syndromes such as
Pierre Robin sequence, Trisomy 21, neuromuscular
disordersand obesity are at high risk for developing
OSA.

Polysomnography or level 1 slegp study is the gold
standard investigation for the diagnosis of pediatric
OSA.

Untreated OSA can have adverse neurobehavioral,
coghitive, metabolic and cardiovascular effects.

Salivary and urinary biomarkershave been evaluated
for diagnosis but still further data are needed for
better evaluation.

Multidisciplinary approach is the key to optimal
management of OSA.
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CLIPPINGS

Human milk oligosaccharides as prebiotics

Human milk oligosaccharides (HMOs) are unique, bioactive carbohydrates identified to be one of the most
significant components of breast milk with structural complexity and promote development of the neonatal
intestinal immune and nervous systems. This article describes the history, complex structure and different
functions of HMOs highlighting the importance of maternal diet for HMO biosynthesis.
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OXYGEN THERAPY
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Abstract: Oxygen therapy is inherent part of pediatric
critical care, with supplemental oxygen offered to nearly
every acutely ill child. However, there are potential risks
related to the administration of oxygen and therefore only
the lowest amount of oxygen should be given for the shortest
period of time to maintain required oxygen saturation.
Observational data suggest harm from too generous use
of supplemental oxygen in children.Oxygen therapy is
useful in treating hypoxemia but is often thought of as
harmless. Risk, cost and benefits of oxygen therapy should
be considered in the same way as other drugs. Thisreview
highlightsthe benefits,,various oxygen delivery deviceswith
indications and potential risk of oxygen administration.

Keywords: Oxygen delivery, Oxygen therapy, Oxygen
review, Gas therapy.

Oxygen isusually the first drug used in the care of a
very sick child and though considered harmless, has its
own risk if used inappropriately.! Oxygenation is defined
as the mechanism of diffusion of oxygen from alveolar
lining into the pulmonary vasculature. Oxygen delivery is
theamount of oxygen and itsrate of transfer from thelungs
to the tissues.Oxygen consumption istherate of utilisation
of oxygen by thetissues and its rate of extraction from the
blood.? Oxygen rel eased to the peripheral tissues from the
lungs, depends on the content of oxygen in blood and
ventricular output. Mathematically, this is expressed as:
DO,=Ca0,xQ,, where DO, is oxygen delivery, Ca0, is
blood O, content, and Q, is cardiac output.’

Hypoxemia is defined as PaO, (partial pressure of
oxygen in arterial blood) of less than 80 mm Hg. Since a
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PaO, of 60 and 80 corresponds respectively with a
non-invasive oxygen saturation (SpO,) of 90% and 95%,
respectively (Fig.1), inthe patient withanormal pH, PCO,,
temperature and diphosphoglycerate, oximetry isoften used
to help identify hypoxemia non-invasively. Hypoxia is
reduced oxygenation at the tissuesdueto impaired delivery
of oxygen to the tissues or defective utilization of oxygen
by the tissues. Clinically hypoxia is accepted as oxygen
saturation of arterial blood lessthan 90%, on breathing air
at sealevel which correspondsto partial pressure of oxygen
PaO, less than 60mm Hg. Hypoxemia and hypoxia need
not coexist. Theremay not be hypoxiain spite of hypoxemia
due to compensatory measures such as increased
hemoglobin level and cardiac output. The goal of oxygen
delivery is to achieve adequate oxygenation through the
provision of supplemental oxygen in a safe and effective
way which istolerated by infants and children. Adeguate
oxygenation in the smplest terms is the balance between
oxygen delivery to the tissues and their rate of oxygen
consumption which in turn allows the cells to produce
energy normally. If adequate oxygen delivery is not
provided, anaerobic metabolism and cell death occurs.*

Oxygen is necessary for adequate metabolism of
carbohydrates and the production of adenosine
triphosphates. Thus, hypoxiamay produce complications,
such as vasodilation, pulmonary vasoconstriction, lactic
acidosis and metabolic acidosis.

Physiological homeostasis requires that oxygen
delivery meet the demands of tissue oxygen consumption.
Oxygen delivery isthe product of cardiac output and blood
oxygen content, which depends on hemoglobin
concentration and hemoglobin-oxygen saturation (Sa0,).
Hypoxia can be caused by inadequate transfer of oxygen
across the lungs (hypoxemic hypoxia), decreased arterial
oxygen content (anemic hypoxia), inadequate blood flow
(ischemic hypoxia) or abnormal cellular oxygen utilization
(cytotoxic hypoxia).

The goals of providing oxygen therapy are to:

e Relieve hypoxemia and maintain adequate
oxygenation of tissues and vital organs, as assessed
by SpO, /Sa02 monitoring and clinical signs.
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Fig.1. Oxygen dissociation curve

e Give oxygen therapy in a way which prevents
excessive CO2 accumulation - i.e. selection of the
appropriate flow rate and delivery device.

e Reduce the work of breathing.

e Ensure adequate clearance of secretions and limit the
adverse events of hypothermia and insensible water
loss by use of optimal humidification (dependent on
mode of oxygen delivery).

e Maintain efficient and economical use of oxygen.

Oxygen therapy should be commenced in the
treatment of an acute or emergency if,

e Hypoxemiaor hypoxiais suspected, and the childis
in respiratory distress as manifested by

dyspnea, tachypnea, bradypnea, apnea

e pallor, cyanosis

e |ethargy or restlessness

e use of accessory muscles: nasal flaring,

intercostal or sternal recession, tracheal tug

e 5p0, is less than 92% (PaO, less than 80mmHg in
patients without cyanotic heart disease

e Sp0, is less than 70% (PaO, less than 37mmHg) in
patients with cyanotic heart disease who have had
cardiac surgery
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e Sp0O, is less than 60% (PaO, less than 32mmHg) in
patients with cyanotic heart disease who are waiting
for cardiac surgery.®

Monitoring of oxygen therapy

The most important monitoring is the clinical
condition of the child along with other parameters such as
pulse oximetry, blood gas analysis and continuous
monitoring of vital parameters. The most commonly used
monitoring strategy is to use pulse oximetry to monitor
SpO,. Blood gas analysis to assess PaO,, is not used very
frequently and usually used in critically ill children
requiring high oxygen supplementation and generally the
useisrestricted to intensive care units. Monitoring usually
focuses on the following

a. respiratory rate (to identify tachypnea, bradypnea or
apnea)
work of breathing (nasal flaring, retractions)
breath sounds (abnormal or diminished)

d. mental status (irritability, anxiety, altered mental
status)

oxygen saturation or blood gas analysis

f. heart rate (tachycardia and bradycardia or any
arrhythmias)

blood pressure
skin colour (pallor or cyanosis)

=
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The frequency with which we monitor these
parameters will depend of the criticality of theillness and
amount of supplemental oxygen required.

Oxygen toxicity

High concentrations of oxygen givento achild over a
prolonged period of time can be detrimental to the body.
High FiO, damages the capillary endothelium leading on
to the interstitial edema. Thisin turn leads to decrease in
the compliance of the lungs which worsens, the work of
breathing and hypoxemia by virtue of the low ventilation
perfusion ratio.lnappropriate oxygen usein patientsat risk
of type 2 respiratory failure (when the respiratory system
cannot adequately remove carbon dioxide from the body,
due to respiratory pump failure) can result in life-
threatening hypercapnia, respiratory acidosis, organ
dysfunction, coma and death.”

Administration of oxygen with FiO, in excess of
50 %, decreases the nitrogen content in the inspired air.
Nitrogen isanon-absorbable gas and hel psto keep alveoli
patent, hence high oxygen administration decreases
nitrogen levels, reducing thetotal pressure of gases, leading
to collapse and atelectasis of alveoli known as
de-nitrogenation atelectasis. This risk of absorption
atelectasis maximises in children breathing at low tidal
volumes?®

Oxidative stress

Oxidative stress has been defined as generation of or
increase in pro-oxidant forces in the body. These include
oxygen radicalsor reactive oxygen species (ROS). Increase
in these elements leads to cytotoxicity, oxidative injury,
necrosis, or apoptosis. The body has many antioxidant
systemsto nullify this oxidative stress such as superoxide
dismutase, catalase and glutathione, but these get blunted
with usage of FiO, in excess of 50%.

Oxygenation targets

Normoxia, which is the target for therapy, is usually
defined as the SpO, of 94% or higher. However,the World
Health Organization recommends permissive hypoxemia
of an oxygen saturation of 90% for children with lower
respiratory tract infections such as bronchiolitis.
Maintaining SpO, above 90% corresponds to the safe
section of the oxygen-hemoglobin dissociation curve and
in the absence of co-morbid derangementsin oxygen will
ensure adequate cerebral oxygenation and avoid hypoxia
or hyperoxia.®

Permissive hypoxemia

Permissive hypoxaemia describes a concept in which
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alower level of arterial oxygenation (PaO,) than usual is
accepted to avoid the detrimental effects of high fractional
inspired oxygen and invasive mechanical ventilation.
Thisisachieved by maintaining alevel of oxygen delivery
that is adequate to avoid tissue hypoxia while minimizing
the detrimental effects. A potential strategy for the
management of such patients involves goal-oriented
manipulation of cardiac output and if necessary,
hemoglobin concentration, to compensate for hypoxemia
and maintain a normal (but not supranormal) value of
oxygen delivery.®®

Principles of oxygen therapy

a. Dyspnea can occur for many reasons other than
cardiorespiratory disease, including metabolic
acidosis, anxiety, pain and treatment with oxygen is
not indicated in these cases.

Transient, self-correcting desaturations that have no
other physiological correlates (e.g. tachycardia,
cyanosis) may not routinely require oxygen therapy
in most cases.

Monitoring of the patient, at the least with pulse
oximetry isdesirable whenever the child ison oxygen
therapy. Frequency of monitoring will depend upon
the underlying disease condition and amount of oxygen
administered. Limitation of pulse oximetry should aso
be taken into account in conditions such as carbon
Mono-oxide poisoning.

All patients with severe hypoxemia (including arrest
and peri-arrest situations), acute breathl essness, severe
sepsis and any other critical illness should be given
high- concentration supplemental oxygenintheinitial
stages of the resuscitation process. Oncethe patient is
stable, formal assessment of the need for oxygen
should be made, guided by pulse oximetry plusarteria
blood gas (ABG) analyses, if required.

Arterial blood gas analysis is not mandatory for
monitoring achild on oxygen therapy, although there
are few indications:*

i. child with desaturation (SpO, < 92%)

ii. child with hemodynamic compromise or on life
support systems
iii. child with associated hypercapnia

severe compromised circulation where pulse
oximetry is not reliable.

dyspneic patients who are at risk of metabolic
acidosis
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f. Oxygen is a drug and the indication, amount to be
administered (avoiding both hypoxemia and
hyperoxemia), duration and target of oxygen saturation
depending upon the underlying disease condition
should be clearly determined and documented.

g. Apart from administration of oxygen, management
also comprises of optimizing hemodynamics, cardiac
output and any specific therapy against the process
which preventsthe off-loading of oxygen at tissuelevel
(like poisoning etc).

Oxygen delivery

The administration of oxygen to children requiresthe
selection of an oxygen delivery system that suitsthechild’'s
age, size, needs, clinical condition and therapeutic goals.
Oxygen delivery systems should also be chosen keeping
in mind the acceptability of the device. Younger children,
who do not require too high oxygen fraction, may not
tolerate the tight fitting mask or the devices which covers
the entire face.’?

Oxygen delivery systems are categorized as|ow-flow
(variable performance) systems or high-flow (fixed
performance) systems.

Low flow delivery devices: These delivery systems
provide oxygen flow (flow less than 10 L /min) less than
child’s inspiratory flow rate with variable FiO,
concentration (22% to 60%). They are more useful in
children who are stable, but require low FiO.,.

High flow delivery devices: High flow systemsare specific
devicesthat deliver the patient’ sentire ventilatory demand,
meeting, or exceeding the patients peak inspiratory flow
rate (PIFR), thereby providing an accurate FiO,,

These delivery systems provide oxygen flow (flow
more than 10 L,/min) higher than child’ s inspiratory flow
rate with FiO2 concentration >60%.

A. Blow by oxygen: It isthe simplest, least cumbersome
form of oxygen devices; it is aso barely reliable for
delivering a specific amount of FiO,. It usualy is
delivered viaalarge bore oxygen tubing withasimple
face mask kept at adistancefromface. It deliversFiO,
of 0.3-0.4 at 10L/min.

B. Oxygen hood : Itisaplastic enclosure that surrounds
the head of a neonate or a child to which continuous
flow of humidified oxygenissupplied viaair blender.
Fixed concentration of 22-80% is supplied at
7-10L/minute. Minimum gasflow ensuresthe exhaed
CO0, is flushed out and not rebreathed. It can deliver
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an FiO, of lessthan 0.5 and can be used for patients
requiring FiO, of <0.5.

. Low-flow nasal cannula: Low-flow nasal cannula

remains one of the most common and widely used
oxygen delivery devices. It delivers a fractional
concentration of oxygen to the patient through two
soft prongs that snuggly fit into child’santerior nares.
It alows continued oxygen therapy during feeding/
eating and re-breathing of CO, is not a potential
complication. For infantsand toddlerswho may poorly
tolerateamask, nasal prongs may beagood alternative.
The child inspires room air in addition to the
supplemental oxygen, and avariable concentration of
oxygen isdelivered. A nasal cannulacan deliver 22%
to 60% oxygen with appropriate oxygen flow rates of
0.5 to 2 L/minute. Simple nasal prongs are available
indifferent sizes. To ensurethe patient isableto entrain
room air around the nasal prongs and a complete seal
isnot created, the prong size should be approximately
half the diameter of the nares.For nasal prong oxygen
without humidification, a maximum flow of

2 L/minute in infantg/children < 2 years of age
4 L/minute for children > 2 years of age.
1 L/minute for neonates, is recommended.

With the aboveflow rates, humidificationisnot usualy
required.

. Oxygen mask: A simple face mask is a low-flow

oxygen device. It can deliver 35% to 60% oxygen with
an appropriate flow rate of 6 to 10 L/minute.
A minimum of 6 L/minute of oxygen flow is needed
to prevent rebreathing of exhaled carbon dioxide.

. Partial rebreathing mask with a reservoir bag:

It is a face mask that delivers moderate to high
concentrations of oxygen. The reservoir bag has to
remain inflated, or elseexhaled air collectsinit, which
results in the child rebreathing large amounts of
exhaled carbon dioxide. Side port openings on the
mask vent exhaled air on expiration and allow room
air to enter on inspiration. The delivered oxygen
percentage varies, depending on the rate and depth of
the child’'s breathing.

. Venturi mask is a cone-shaped device with

entrainment ports of various sizes at its base.
Theentrainment portsadjust to deliver various oxygen
concentrations. The advantage of venturi mask isthat
it delivers a more precise concentration of oxygen to
the child, such as 0.24, 0.28, 0.31, 0.35, 0.4 or 0.6
depending on the mask chosen.
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G. Non-rebreathing mask with reservair: It isahigh-
flow oxygen delivery device used for children
requiring a higher concentration of oxygen. A non-
rebreathing mask (NRM) can deliver a concentration
of up to 95% oxygen with an oxygen flow rate of
10to 15 L/minute.

. High-flow nasal cannula (HFNC): It is a form of
oxygen therapy used to treat hypoxemic respiratory
failure. This type of oxygen delivery device is
composed of traditional nasal cannulastyle prongsthat
rest in the patient’s anterior nares and allows heated,
humidified oxygen to be delivered at flows of
2-8 L/min for neonates and 4-10 L/min for children,
whereas an air-oxygen blender allows FiO, to be
directly manipulated. As higher flows are reached, set
oxygen flows exceed demand, thus preventing the
entrainment of room air, whileit flushesthe dead space
and results in the delivery of higher, more precise
fractional inspired oxygen concentrations.
Improvementsin oxygenation associated with HFNC
may also be related to the creation of PEEP (Positive
end expiratory pressure) for a given flow.*3

I. Continuous positive airway pressure (CPAP):
This consists of delivery of mild air pressure which
keeps the airways open. CPAP delivers PEEP.
It deliversvariable amount of oxygen to the airway of
spontaneously breathing patient to maintain lung
volumeduring expiration. CPAP decreases atel ectasis
and also reduces respiratory fatigue along with
improvement of oxygenation.

. Mechanical ventilation: It is used to treat moderate
to severe hypoxia. Thiscan take up the entirework of
breathing and the PEEP, PIP (Peak inspiratory
pressure), tidal volume, respiratory rate, inspiratory
or expiratory time can be adjusted to restore normoxia.

Humidification

Oxygenwhichisusually delivered through the oxygen
manifold isusually cold and dry, which hasadrying effect
on mucous membranes, resulting in airway damage.

This can cause the secretions to become thick and
difficult to clear or cause airway obstruction.

Oxygen therapy with usually high flow systems
require humidification. The type of humidification device
selected will depend on the oxygen delivery systemin use,
and the patient’s requirements. The humidifier should
always be placed at alevel below the patient’s head.*
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Weaning oxygen

Unlessclinically contraindicated, an attempt to wean
oxygen therapy should be made as early as possible.
The requisites for weaning off oxygen therapy are:

a. child should appear clinically well.

b. vital signs should be with normal limits

¢. minimal or no respiratory distress

d. feeding adequate amounts orally.

e. normal level of consciousness

Oxygen therapy in the mainstay of treatment for any
sick child and is often the first intervention to be started in
emergency room and have saved many a lives. However,
oxygen is a drug, hence, initiation, dosage, mode of
administration, titration of dosage and end point to stop
should be closely monitored to prevent inadequate or
excessive use. Usage of oxygen without appropriate
indication can prolong hospitalization and increase the cost
of care. Oxygen administration should be coupled with the
intervention to optimize oxygen content and cardiac output
for ensuring effective management of hypoxemia and
hypoxia. The other important aspect of oxygen therapy is
the device selection depending on the age and the
acceptability of the child and also the amount of oxygento
be administered.

Points to Remember

e Oxygen administration should be considered in
the same way as other drugs and titrated to a
measured end point to avoid excessive or
inadequate dosing.

Both hypoxemia and hyperoxemia are harmful,
oxygen treatment should be commenced or increased
to avoid hypoxemia and should bereduced or ceased
to avoid hyperoxemia.

For children receiving oxygen therapy, SpO, targets
will vary according to the age of the child, clinical
condition and trajectory of illness.

Oxygen treatment isusually not necessary unlessthe
SpO, isless than 92%.

Device selection is vitally important in pediatric
population as the size of the patients is highly
variable, and their acceptance of a device is an
additional consideration.
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CLIPPINGS

Effectiveness of handwashing with soap for preventing acuterespiratory infectionsin low-incomeand middle-
income countries; a systematic review and meta-analysis

This study aimed to estimate the effect of interventions promoting handwashing with soap on ARI in
low-income and middle-income countries (LMICs). In this systematic review and meta-analysis for studies of
handwashing with soap interventions in LMICs from inception to May 25, 2021. Inclusion criteria were
randomised and non-randomised controlled studies of interventions conducted in domestic, school, or childcare
settings. Exclusion criteriawere studies promoting hand hygiene methods other than handwashing with soap as
well asinterventions in health-care facilities or the workplace.

The primary outcome was acute respiratory infection (ARI) morbidity arising from any pathogen for participants
of any age. Secondary outcomeswerelower respiratory infection, upper respiratory infection, influenzaconfirmed
by diagnostic test, COVID-19 confirmed by diagnostic test, and all-cause mortality.

26 studies with 161659 participants met inclusion criteria. Interventions promoting handwashing with soap
reduced any ARI compared with no handwashing intervention (RR 0-83). Interventions also reduced lower
respiratory infections (RR 0-78) and upper respiratory infections (0-74) but not test-confirmed influenza or all-
cause mortality. They concluded that interventions promoting handwashing with soap can reduce ARI in LMICs,
and could help to prevent the large burden of respiratory disease.

Ross|, Bick S, Ayieko P, DreibelbisR, Wolf J, Freeman MC et al. Effectiveness of handwashing with soap for
preventing acute respiratory infectionsin low-income and middle-income countries: a systematic review and
meta-analysis. Lancet, 2023; 401( 10389): 1681-1690.
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ALLERGEN IMMUNOTHERAPY
* Krishna Mohan R

Abstract : Allergenimmunotherapy isa disease-modifying
therapy, used in the treatment of many allergic conditions
where gradually increasing doses of specific allergen
extracts are administered to achieve clinical tolerance to
the allergens which produce symptoms in patients.
The major indications for allergen immunotherapy are
allergicrhinitis, asthma, insect venom hypersensitivity and
allergic conjunctivitis.There are different types of
immunotherapy based on the route of administration and
duration of therapy. It is highly imperative to use high
quality standardised allergen extracts in adequate doses
where possible.

Keywords : Allergen immunotherapy, Subcutaneous
immunotherapy, Sublingual immunotherapy.

The prevalence of allergic diseases is increasing
rapidly all over the world in epidemic proportions.t
Allergen avoidance and pharmacotherapy forms the
mainstay of therapy. Though majority of the availabledrugs
provide very good symptomatic relief, allergen
immunotherapy is the only truly disease modifying
treatment for alergic diseases which provides long term
benefits.

Definition

It isadisease-modifying therapy, used in the treatment
of conditions like allergic rhinitis and alergic asthma.
Specific immunotherapy (SIT) is the administration of
gradually increasing doses of allergen extracts to achieve
clinical toleranceto the allergenswhich produce symptoms
in patients with type | hypersensitivity.2 This reduces the
patient’s adverse clinical response to subsequent natural
exposure to those allergens. It also prevents new
sensitization and prevents progression of the allergic
disease.

*  Pediatrician and Pediatric Allergist,
Health Services,
Kerda

email: meetkochu@yahoo.com
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M echanism of allergen immunotherapy3#

Allergic diseases represent a unique response of our
innate and adaptive immune systemsto the environmental
antigens. Allergy is mediated by dysregulated Th2 type of
inflammation in contrast to infectious diseases which
triggers Thl type of inflammation. Aim of the
immunotherapy is to restore tolerance to the alergen by
reducing the tendency to induce allergen specific IgE
production. The mechanism of immunotherapy iscomplex
and not fully understood. It is mainly through induction of
regulatory T-Cellswhich secrete Interleukin 10 (IL-10) and
transforming growth factor beta (TGF- ). IL-10 blocks
the production of allergen specific IgE from B cells and
also simultaneously produce IgG 4 antibodies. Increasein
IL-10 causes decrease in eosinophils, basophils and mast
cells. Specific IgG4 prevents production of IL-4, IL-5 and
IL-13. There will be a significant decrease in allergen
specific IgE/IgG4 ratio. To simplify, allergen
immunotherapy “trains’ the immune system to produce
the “desirable” 1gG response in place of “undesirable”
IgE response. (Thl instead of Th2)

Indications of allergen immunotherapy (AIT)

1. Allergic rhinitis: The efficacy of immunotherapy in
both seasonal and perennia allergic rhinitis is well
established. AIT isrecommended in moderate to severe
cases of alergic rhinitis.®

Bronchial asthma: Immunotherapy has proven to be
of benefit in asthma caused by house dust mites, and
grasspollens. Theglobal initiativefor asthma(GINA)
is now recommending allergen immunotherapy with
house dust mitesfor age group 12 years and abovefor
those patients sensitized to house dust mite allergen.®

Venom hypersensitivity: Effectiveness of
immunotherapy for venom hypersensitivity is well
established. Anaphylaxisto hymenopteravenom can
be fatal. Hymenopterans, are winged insects, which
include bees, fire ants, wasps and hornets. Anaphylaxis
to hymenoptera venom is underreported in India

Allergic conjunctivitis: Cochrane systematic review
hasfound someefficacy of immunotherapy in subjects
with allergic rhino conjunctivitis with sublingual
immunotherapy
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5. Atopicdermatitis: Only anecdotal accountsof clinical
improvement with the immunotherapy for atopic
dermatitisis available.

Contraindications?

- Uncontrolled asthma (FEV, < 70%) in spite of
adequate medical therapy

- Serious immunological diseases

- Patients receiving beta blockers (are at increased risk
of systemic reactions)

- Malignant neoplasm

- Age< 3years

- AIDS, seriousimmunodeficiency conditions
Types”’

Therearevarioustypes of immunotherapy, depending
on the route of administration, which are given in Box 1.

Subcutaneous immunotherapy (SCIT)

SCIT isthe most researched form of immunotherapy
and its efficacy and safety are well documented by several
scientific studies. There is no absolute lower age limit for
SCIT. But considering the difficulty in recognizing a
systemic reaction in young children, it is started usually
above 5 yearsof age. Theinjection should only be taken at
a medical facility with personnel trained in emergency
treatment and the child is kept under observation for
30 minutes after each injection.

Sublingual immunotherapy (SLIT)

SLIT is administered as drops of high dose allergen
solution or in the form of tablet which iskept sublingually
and then swallowed later. It may be started as the full
maintenance dose, without up-dosing phase and is
continued daily for a period of 3-5 years. SLIT has the
advantage of ease of administration, home based therapy
and averting painful injections. Though SLIT is not as
efficacious as SCIT, safety wise it is much superior.

Box 1. Types of immunotherapy

Subcutaneous (SCIT)
Sublingual (SLIT)
Epicutaneous (EPIT)
Ora (OIT)

Intranasal
Intralymphatic

- 0o 2 0 T @
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Phases of immunotherapy
Subcutaneous immunotherapy is given in two phases:
1. Up-dosing phase (Build-up phase)
2. Maintenance phase

Up-dosing phase: It consists of twice or once weekly
injection for 3-4 months. To start with, lowest dose of
highest dilution (1 in 100,000) is administered which is
increased slowly till patient reaches tolerable dilution.
(1in 10)

Maintenance phase: It isgiven for aperiod of 3-5 years.
Minimum 12 months of alergen specific immunotherapy
isrequired before considering failure. If thereisno response
after one year, immunotherapy can be discontinued

Depending on the duration of therapy there are different
types of subcutaneous immunotherapy:

a. Conventional immunotherapy: This involves
administration of increasing dosages for 12 weeks
followed by maintenance therapy for 2 to 5 years.
Doses are given biweekly or weekly. Rate of systemic
reaction is less and can be done on OP basis

Cluster immunother apy:Here the build-up phaseis
shortened (about 6-8 weeks). It is comparable to
conventional therapy at the same time reduces the
time to start maintenance by almost half.

Rush immunother apy: Thistype of therapy isdone,
when there is a need to complete the build up phase
quickly which takes only 3- 4 days. But the rate of
systemic side effects ismuch higher and this can be
done only as an inpatient procedure.

Ultra-rush immunotherapy: Herethe build-up phase
takes only about 1-2 days sometimes with significant
sideeffects. Itisused if immediate protectionis needed
to prevent further anaphylactic reaction.

Allergen extracts

Clinically relevant allergens need to be selected from
the various allergens included for testing. There are two
types of allergen extracts - standardised and non-
standardised. Standardised extract isthe onewherethetotal
alergenic reactivity or the content of major allergen is
known. This gives uniform potency to the extract anong
batches. High quality standardised allergen extract to be
used wherever possible.The doses of the allergens are
determined based on the concentration of the major
allergens which gives good clinical results. The dosages
are available in the guidelines presented in the text books.
Adequate allergen doses have to be administered.
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It is imperative to first determine the clinical
effectiveness of the allergen extracts used, and the dilution
of the extracts, so that the effective concentrations are
maintained. Fungal and some insect extracts contain
proteases that can degrade the proteins in other alergen
extracts and hence may reduce the allergenic potency.
Hence, these extracts cannot be mixed together.
Single alergen specific immunotherapy will give better
results compared to multi allergen specificimmunaotherapy
even in poly sensitized patients.

“Allergoid” isaterm used to describe natural allergen
products that have been modified with aldehydes
(formaldehyde and glutaraldehyde) to decrease their
alergenicity and potentially increasetheir safety. Allergoids
are commercially available in Europe from the 1980s and
have demonstrated successful clinical results. Allergoids
are not freely available in India as of now.

Side effects and risks

Systemic reactions to immunotherapy usually occur
within an hour as scattered hives and rarely, as severe
anaphylaxis, whereas local reactions may occur up to
24 hours (delayed local reaction).2® Theincidence of severe
systemic reactions are approximately 1 in one million
injections, whereas the incidences of fatal anaphylaxisare
1 per 2.5 million injections.

Sublingual immunotherapy has more incidences of
local reactions than systemic.

Common local reactions for SCIT are wheals,
indurations and rarely, granuloma.

Common local reactions for SLIT are ora mucosal
reactions (75%y), itching of oral mucosa, lips, swelling of
oral mucosa, lips and rarely, mouth ulcers.

Life threatening reactions tend to occur early and
henceit ismandatory that the patientsremain in the clinic
for 30 minutes which is equipped to handle emergencies
after the therapy.

Equipments and medications required
1. Stethoscope and sphygmomanometer

2. Oxygen mask, self -inflating bag or other airway

devices
IV fluid set up, syringes and needles

Epinephrine 1:1000
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5. Short acting H1 antihistamine and corticosteroid for
IM/IV administration

6. Glucagon kit for patients receiving beta blockers
Advantages
The advantages of immunotherapy include

1. Prevention of newer sensitisations

2. Prevention of development of asthmain patientswith

rhinitis only

Persistence of clinical improvement after cessation
of immunotherapy

Long term cost benefits due to lesser utilisation of
health care.

Points to Remember

e Allergen specific immunotherapy is effective and

provides long term disease remission.

It isthe only disease modifying treatment available
for diseases like allergic rhinitis and asthma.

Allergen immunatherapy prevents new sensitization
and prevents progression of the allergic disease.

High quality standardised allergen extract have to
be used in adequate doseswhere possible.

Subcutaneous immunotherapy should only be
administered at a medical facility with personnel
trained in emergency treatment and kept under
observation for 30 minutes after each injection.

Sublingual immunotherapy is a safe, effective,
convenient and promising route especially in
pediatric age group.
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CLIPPINGS

Evaluating efficiency and equity of prevention and control strategies for rheumatic fever and rheumatic
heart disease in India: an extended cost-effectiveness analysis

Thereisadearth of evidence on the cost-effectiveness of acombination of population-based primary, secondary,
and tertiary prevention and control strategies for rheumatic fever and rheumatic heart disease. The present
analysis evaluated the cost-eff ectiveness and distributional effect of primary, secondary, and tertiary interventions
and their combinations for the prevention and control of rheumatic fever and rheumatic heart disease in India.

A Markov model was constructed to estimate the lifetime costs and consequences among a hypothetical cohort
of 5-year-old healthy children. Both health system costs and out-of-pocket expenditure (OOPE) were included.
OOPE and health-related quality-of-life were assessed by interviewing 702 patients enrolled in a population-
based rheumatic fever and rheumatic heart disease registry in India. Health consequences were measured in
terms of life-years and quality-adjusted life-years (QALY) gained. Furthermore, an extended cost-effectiveness
analysis was undertaken to assess the costs and outcomes across different wealth quartiles.

A combination of secondary and tertiary prevention strategies, which had an incremental cost of 23051 (US$30)
per QALY gained, was the most cost-effective strategy for the prevention and control of rheumatic fever and
rheumatic heart disease in India. The number of rheumatic heart disease cases prevented among the population
belonging to the poorest quartile (four cases per 1000) was four times higher than the richest quartile (one per
1000). Similarly, the reduction in OOPE after the intervention was higher among the poorest income group
(29-8%) than among the richest income group (27-0%).

The combined secondary and tertiary prevention and control strategy is the most cost-effective option for the
management of rheumatic fever and rheumatic heart disease in India, and the lowest income groups are more
likely to be benefited. The estimation of non-health gains provides strong evidence for making policy decisions
by efficient resource allocation on rheumatic fever and rheumatic heart disease prevention and control in India.

Dixit J, Prinja S, Jyani G, Bahuguna P, Gupta A, Vijayvergia R, et al. Evaluating efficiency and equity of
prevention and control strategies for rheumatic fever and rheumatic heart disease in India; an extended
cost-effectiveness analysis. Lancet Glob Health. 2023 Mar;11(3):e445-e455. doi: 10.1016/S2214-
109X(22)00552-6. PMID: 36796988.

Therapeutic alteration of the microbiota in rheumatic diseases: Hype or potential ?

..... studies evaluating probioticsin rheumatoid arthritis, spondyloarthritis or systemic sclerosis; asmall number
of studies have tested fecal microbial transplantation (FMT) in rheumatic diseases. .....few studies detected
meaningful clinical benefit regardless of indication. One of the two randomized studiesevaluating FM T showed
minimal clinical benefit, while the other demonstrated worsening compared to placebo treatment.

Soll ML. Therapeutic alteration of the microbiotain rheumatic diseases. Hype or potential ? Best Pract Res
Clin Rheumatol. 2022 Dec; 36(4):101806. doi: 10.1016/j.berh.2022.101806. Epub 2022 Dec 21. PMID:
36564273.
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PULMONOLOGY

WHAT'S NEW IN CONGENITAL
DIAPHRAGMATIC HERNIA ?

* Velmurugan R
** Evangeline Sameul
** Vignesh Rajendran V

Abstract: Despitegreat stridesin surgical and ventilatory
management of congenital diaphragmatic hernia, survival
ratesand long term outcomes seemto have plateaued out.
This article attempts to review the advances in the early
detection of and antenatal management of diaphragmatic
hernia and the outcomes of postnatal management of these
children.

Keywords: Congenital diaphramatic hernia.

Congenital diaphragmatic hernia(CDH) isastructural
anomaly of the fetal diaphragm that is characterized by a
defect in the diaphragm leading to the herniation of intra-
abdominal organs into the thoracic cavity. Its incidence
ranges from 1-5 cases per 10,000 births*? and up to
20-30% cases are not antenatally detected. CDH has been
found to have a dlightly higher male preponderance with
the African-American race having alower risk.2® Even as
medical and surgical management of this condition has
improved by leaps and bounds, the mortality and morbidity
of these infants remain high*® with many requiring long-
term follow-up and multidisciplinary care well into their
adolescent years. The causes of significant mortality and
morbidity is the pulmonary hypoplasia and pulmonary
hypertension that is seen as a result of the lower number
and decreased volume of alveoli and pulmonary vascular
abnormalities in children with diaphragmatic hernia.

There are 3 types of CDH: A posterolateral defect in the
diaphragm known as the Bochdalek hernia which is the
most common type, accounting for up to 95% of cases, an
anteromedial, parasternal defect, known as a Morgagni
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hernia, accounting for 3-5% of cases and a central tendon
defect which is the rarest variant accounting for less than
1% of cases.® CDH is most commonly found on the left
side (80-85%) with around 10-15% of cases being on the
right and very rarely, bilateral.

Etiopathogenesis

The diaphragm beginsto devel op around the 4" week
of gestation and is usually completed by the 12" week.
It is derived from four structures - septum transversum,
pleuroperitoneal membrane, dorsal mesentery of esophagus
and somites from the body wall. Theinitial hypothesisfor
the etiopathogenesis of CDH was that the diaphragmatic
defect was secondary to afailure of development or fusion
of one or more of these four progenitor structures’, which
leaves a defect for intra-abdominal structures to enter the
thorax, interfering with lung development and gas
exchange. Another theory is that lung hypoplasia may be
the initial event in the pathophysiology. The post hepatic
mesenchymal plate (PHMP) is both closely related to the
development of thelung and the diaphragm and when there
ishypoplasiaof thelung, thereisan associated disturbance
of the PHMB which may lead to a diaphragmatic defect.?
This has been supported by evidence from rat model
electron microscopy.®

Most of the data on CDH pathophysiology is derived
from murine models'®™ which illustrate the baseline
molecular changes that underscore CDH. During the fetal
period, the pulmonary vascular resistance (PVR) is more
than the systemic resistance and normally reverses with
the baby’s first breath after delivery, leading to increased
pulmonary blood flow to facilitate gas exchange. I n babies
with CDH, the lung hypoplasia, associated decreased
pulmonary vascul ature and increased vascular tone in the
lung lead to pulmonary hypertension.>** Endothelin-1
(ET-1) is a polypeptide produced by vascular endothelial
cellswhich bindsto pulmonary arterial smooth musclecells
and induces vasoconstriction.** In rat models, both the over-
expression of ET-1 receptor genes and the exaggerated
vasoconstrictor response to ET-1 have been
demonstrated’>!¢ leading to pulmonary vasoconstriction
and increased smooth muscle cell proliferation leading to
increased pulmonary pressures.’*!’ Lower levels of nitric
oxide (NO) which is a potent vasodilator have also been
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demonstrated in murinemodels.*® Thevascular endothelia
growth factor (VEGF) and its receptors induce
angiogenesis in the fetal lung by promoting vessel
proliferation and hence providing support for alveolar
development and airway branching. It has also been
demonstrated that VEGF promotes pulmonary surfactant
production from glycogen in pneumocytes.’® Decreased
levels of VEGF and its receptorVEGFR has been
demonstrated to lead to lower lung volumes in murine
models, which leads to the pulmonary hypoplasia and
pulmonary hypertension seenin CDH.

The most recent and widely accepted theory proposes
atwo-hit hypothesis, which incorporates both of the above
theories.?® According to this theory, the first hit is during
organogenesis with both lungs being underdevel oped due
to molecular mechanismsfollowed by the second hit where,
due to the diaphragmatic defect, the ipsilateral lung is
compressed by the herniation of abdominal organs and
compromised further. This explains the bilateral nature of
the pulmonary pathology in CDH infants with the
contralateral lung being affected to varying levels.
Thisinterference results in less bronchiol e branching and
thicker aveolar septa, leading to acinar hypoplasia and
impaired gas exchange while the decreased branching of
the pulmonary arterioles and increases vascular tone leads
to the developed of persistent pulmonary hypertension of
the newborn (PPHN).2-22

Due to increased pulmonary pressures, there is an
increased strain on the right ventricle during fetal life due
to the ductus arteriosus which shunts blood into the
systemic circulation. After birth, the ductus arteriosus
closes, leading to right ventricular strain, hypertrophy and
eventual dysfunction and failure. Left ventricle
abnormalitieshave a so been reported in CDH infantswith
lower left ventricular mass and hypoplasia.® Thisleadsto
increased pulmonary venous pressures and further
exacerbates the pulmonary hypertension and right heart
failure.*

Diagnosis

Prenatal diagnosis of CDH is possible, with a mean
detection gestational age of 24 weeks.”® Prenatal diagnosis
isimportant, as severe cases may require extra-corporeal
membrane oxygenation (ECMO) which mandates a
planned delivery of babies with CDH, as this treatment
modality is availableonly inselect ingtitutions. Thereare
two modalities for diagnosis - ultrasound and fetal MRI.
Asit is not possible to predict the size of the defect and
hence the severity of the disease with prenatal imaging
techniques, indirect assessment criteria are used.
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Thetime-tested predicting factor for CDH severity is
the foetal lung-head ratio (LHR) which is the ratio of the
cross-section of the contralateral lung at the level of the
four-chamber cardiac view to the head circumference, with
avalue of lessthan 1 considered as‘ severe.’® However, it
is useful only between 22-28 weeks of gestation and is
operator dependant, both factors limit its dependability.?”
Many centres have shifted to fetal MRI withislessoperator
dependant and gives more accurate measurements and is
not affected by maternal habitus and fetal position.
Anindependent predictor of the severity of PPHN and need
for ECMO and hence, the postnatal survival, is the
observed/expected total lung volume (TLV)?, with avalue
of less than 30% translating into a mortality risk of
50-75%. Other indicators of severity are MRI-calculated
liver herniation (greater than 20% being of higher risk)®,
laterality (right being worse than left) and position of the
stomach at the level of the four-chamber cardiac view.

Fetal therapy

Earlier the repair of the diaphragmatic defect, more
the chancefor thefetal lung to develop normally and hence,
fetal endoscopic tracheal occlusion (FETO) was
developed.®32 A endoscope of 3mm diameter is inserted
through the maternal abdomen into the fetal mouth and
then into the fetal trachea®®* Once the carina is seen, a
detachable and inflatable balloon with aone-way valvein
inflated below the glottis. Occlusion of thetrachea prevents
the egress of lung fluid into the amniotic cavity, trapping it
into the lungs and causing its expansion over time.
Before birth, a second procedure is performed where the
balloon in ruptured under vision and removed. It is
performed under maternal; local anaesthesia with a
combination of analgesics and muscle relaxants
administered to the fetus intramuscularly just prior to the
procedure. A scheduled removal afew weeks before birth
is ideal as it allows type 2 pneumocytes to develop
appropriately as well as allows the fetus in transition to
the ex-utero environment.®* If removal is an emergency
due to early labour or for obstetric indications, the baby
may need to be delivered with an ex-utero intra-partum
treatment (EXIT) which will alow balloon removal while
the baby is still attached to the placenta.

Data supporting the use of FETO have been mixed
with aninitial randomized control trial (RCT) showing no
survival benefit in children with liver herniation and a
LHR of less than 1.2.% |t was also seen that mothers
undergoing FETO had a higher rate of premature rupture
of membranes and delivered premature babies. However,
smaller studies have shown a survival benefit. A cohort
study involving 210 cases showed a 49.1%and 35.3%
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survival in left and right sided CDH respectively in the
test arm as compared to 24.1.% and 0% in historical
controls.?® A smaller RCT with 41 severe CDH cases
showed a6-month survival rate of 50% inthe FETO group
as compared to 4.8% in the postnatal surgery group.®”
FETO hasal so been demonstrated to reduce the possibility
of persistent pulmonary hypertension at 1 year of age
among survivors.® Establishing the actual benefit of FETO
has been difficult due to heterogeneity of the studies
published aswell asthe capabilities of the centresin which
the procedure has been performed. In order to get this
answer, the TOTAL (Tracheal Occlusion to Accelerate
Lung Growth) trial in currently being conducted to
determine whether the use of FETO increases survival and
decreases oxygen requirements in moderate and severe
CDH cases.

However, FETO isnot without probable complications
such as fetal tracheomegaly and tracheomalacia but the
incidence of these complications has not been recorded.
Upto 50% of mothersundergoing FETO develop premature
rupture of membranes, chorion-aminon separation and
preterm delivery due to the need for two amniotic cavity
punctures.® In cases in which labour is induced peri-
procedure, thereisarisk of fetal demise dueto the balloon
being lodged in the trachea, with 56% of cases requiring
an intrapartum (EXIT) procedure and 5% mortality,?
especially asEXIT isnot availablein all centresat present.

Seeing the complications due to the double amniotic
puncturesof FETO, scientistsfrom Strasbourg, France have
developed the *Smart-TO’ balloon. Around the balloon
neck, there is a metallic cylinder and inside a magnetic
ball, which together act asavalve. Deflation occurs under
the influence of a strong magnetic field, which is present
around any clinical MRI machine. This enables non-
invasive, externally controlled balloon deflation. When it
istimeto remove the balloon prior to labour, the mother is
subjectedtoaMRI, which drawstheball out of the cylinder,
deflating the balloon, which isthen washed out of the lung
with the lung fluid into the amniotic cavity.®

Even with FETO, survival rates of severe CDH are
low and hence, specific therapies targeting pulmonary
hypertension are being developed using rabbit models.
In rabbits with a surgically created CDH, the test arm
underwent tracheal occlusion with injection of human
amniotic fluid stem cells* The similar experiment hasa so
been conducted in rodents using nitrofen-induced CDH
using intra-amniotic injection of human mesenchymal
cells.* Histopathol ogical examination of thetest arm lungs
from both studies show increased alveolar number with
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larger volume, thinner walls and more compliant pulmonary
vasculature.**“! Given the successin animal models, these
therapies’ utility in human models are being studied.

Birth and postnatal management

The timing of delivery of CDH infants has been
historically controversial but recent studies have shown
better outcomeswith greater gestational ages.*? Therefore,
current recommendations suggest that delivery on
completion of 39 weeks is optimal, with the mode of
delivery depending on obstetric factors.* Prenatal diagnosis
of CDH iscrucial so that the labour room teamis prepared
for theinfant and the birth occurs in a center equipped for
management of CDH. All CDH infants need gastric
decompression with a naso/orogastric tube with suction.
Peripheral and central venous access catheters should be
placed for fluid and inotrope administration and blood
pressure should be kept within the normal range for
gestational age. Asthey will have respiratory distress, the
instinct to apply bag-mask ventilation should be suppressed
as it may lead to distension of the herniated bowel.
Instead, there should be a low threshold for intubation.
Preductal saturation is measured on the right upper limb
and ventilation pressures should be low to avoid harm to
the underdevel oped lung.

The optimal mode of ventilation of CDH infants is
controversial with two main strategies being used gentle
ventilation and high frequency oscillatory ventilation
(HFOV). What both these techniques have in common is
the low pressure at which they operate, reducing the risk
of permanent pulmonary damage to aready hypoplastic
lungs. Gentle ventilation operates on the principle of
permissive hypercapnia and hypoxemia, as long as the
blood pH and saturation are maintained. The target values
are a preductal saturation >85%, postductal saturation
>70%, pH >7.2, lactate levels <Smmol/L and a urinary
output of >1ml/kg/hr. The peak inspiratory pressures should
be titrated to less than 25cm of water and a PEEP of
2-5cm H20. There are many studies comparing gentle
ventilation with conventional ventilation and though results
are conflicting, there is a definite decrease in mortality
and hence, even though there is weak scientific evidence,
itisstrongly recommended to give aninitial trial of gentle
ventilation.** HFOV hasaventilation rate of around 4 times
the normal physiological rate with a small tidal volume,
whilemaintaining amean airway pressure of lessthan 17cm
H20. Its efficacy may be affected by obstructed airways
(eg. thick secretions). Though thereisinsufficient scientific
evidence due to the heterogenicity of trials and study bias,
it is recommended to be used as second line strategy®.
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Therecent HFO versus conventional Ventilationin I nfants
with Congenital diaphragmatic hernia an | nternational
randomized clinical trial (VICI trial) in Europe has shown
that though there is no difference in the rates of mortality
and bronchopulmonary dysplasia between the two
strategies, though lesser number of ventilatory days and
less need for ECMO was seen in the gentle ventilation
group.*

As pulmonary hypertension is a key factor that
tranglatesinto increased mortality and morbidity in CDH,
lower pulmonary pressures is key to reducing right
ventricular strain and better outcomes. Systemic
vasodilators decrease pulmonary resistance along with
systemic vascular resistance and hence, a vasodilator that
acts purely on pulmonary vasculature was thought to be
better leading to the first use of inhaled nitric oxide (iNO)
in 1992.2447 However, dataregarding itslong-term results
and prognosisislacking. Though alot of research hasgone
into the use of iINO in CDH, differences in the basic
treatment plan, biasand aninahility to differentiate between
the advantage of iNO alone as compared to its use along
with other therapeutic modalitiesleaveit on shaky scientific
ground.”® Difference in the therapeutic background
compared to the present, the presence of asignificant bias,
or the influence of factors other than iNO. However, as
iNOisnow routinely used for neonateswith PPHN without
CDH and the fact that there are no systemic side effects
and the easy incorporation of the drug into the ventilation
circuit with no added burden to the patient has lead to
iNO being incorporated into standard guidelines for the
management of CDH. Use of systemic vasodilators
however have been firmly established as a cornerstone in
management. Milrinone, a phosphodiesterase 3(PDE3)
inhibtor, has been shown to cause pulmonary vasodilation
along with an improvement in right ventricular function
with its inotropic and lusitropic action.”® It, however, has
the side effects of hypotension and cardiac arrythmias.
Sildenafil, a PDES5 inhibitor, improves cardiac function,
gas exchange, increases the efficacy of iNO and prevents
rebound pulmonary hypertension during ablactation of
nitric oxide.*® Intra-amniotic sildenafil administration has
been studied in murine and rabbit CDH models and has
shown to improve vascular compliance and oxygenation
by crossing the placentato reach the fetus.>*>! A prospective
human trial is underway to proveits efficacy in humans.>

ECMO functions by passing the blood from the body
through an external oxygenator thus maintaining saturation
while allowing rest to the failing heart and lungs. It was
first used in a CDH infant in 19774 but itsrole at present
is of a rescue therapy.* Though there are RCTs and
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observational studiesat hand eval uating the use of ECMO,
there is a significant bias in these studies as well as
confounding factors such as the progress of other
therapeutic modalities. Literature shows that the use of
ECMO improvesthe short-term prognosis of such infants;
however, a similar improvement in long-term prognosis
was not seen.® Complications of treatment include
life threatening hemorrhage, cerebral hypoxia and
neurological impairment. Dueto theimprovement of other,
lessinvasive modalities of treatment, useof ECMOin CDH
neonates has gradually decreased.>* For these reasons, the
efficacy of ECMO as a treatment modality in CDH in
uncertain and its use cannot be a uniform recommendation
for all cases. Hence, it is reserved for those neonates with
severe respiratory impairment.* There is considerable
variation between centres for the criteria to stat ECMO
therapy but the following is usually used*:

1) Preducta saturations >85% or postductal saturations
>70%

2) Requirement of MAP >17 cm H20 to achieve
saturations >85%,

3) Resistant metabolic acidosis<7.15

4) Systemic hypotension resistant to fluid and pressor
therapy

5) Oxygenation Index > 40
Postnatal Surgery

The surgical repair of CDH leads to the question of
when the optimal timefor surgery is. Reducing the contents
of the herniaback into the abdomen may seemto logically
lead to abetter outcome but most of the available evidence
points to the idea that though reduction improves long-
term outcomes, it does little for the immediate condition
of the patient® as it does not result in the instant
improvement of pulmonary and cardiac status.
As pulmonary hypertension is the single most important
variable for determining the outcomes of CDH neonates,
the timing of surgery becomes a critical question when it
has also been seen that surgical stress itself can induce a
pulmonary hypertensive crisis and severe hemorrhage, if
on ECMO.® For those neonates not requiring ECMO
support, surgical repair is not undertaken before 2-3 days
of life, that time being taken for stabilization and
improvement of pulmonary status. Once a heonate is on
ECMO therapy, the surgeon faces a choice between early
repair, immediately after ECMO initiation (typically less
than 72 hours), repair after decannulation and delayed
repair as a last-ditch effort when unable to wean off
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ECMO.% The evidence on the timing of surgery is
adulterated due to smaller subject population, subject
heterogeneity and study design but it hasusually been seen
that the neonates that do best postoperatively are those in
whom repair isundertaken after decannul ation, presumably
due to the lower risk of hemorrhagic complications.>

The surgical approach for CDH can be either open or
minimally invasive (thoracosopic and endoscopic).
The latter has been developed with the hope of reducing
surgical stress and hence improving outcomes. However,
thoracoscopic surgery has been shown to have higher
recurrence rates®, may not be suitable for larger defects,
has a steep learning curve and needs instruments that may
not be available in al centres. It has also been seen that
minimally invasive measures require a longer operative
time, need intraoperative pulmonary compression and run
the risk of CO2 absorption which all worsen outcomesin
sick infants.*® Hence, open surgery still remains the gold
standard for repair. Small defectsare primarily closed with
non-absorbable sutureswhilelarger defectsneed aforeign
material. The most used material is a synthetic patch
(Gore-Tex) while there are centres that are combining
synthetic and biological derivatives to promote better
incorporation of the repair and improvement in long-term
outcomes.® Closure using autologous muscle flaps have
also been described™, with the graft consisting of the
internal oblique and transversus abdominis. Observational
studies have shown lower recurrence rates and better
success in closing large defects® but higher level of
evidenceis not yet available to confidently make a strong
recommendation on their use.

Long-term Care

The medical care that a CDH child needs does not
stop with discharge from the hospital after successful
stabilization and surgery. Such children have ahigh risk of
long term medical issues and hence, need continued
multidisciplinary care. Guidelinesfor follow-up care have
been released by the American Academy of Paediatrics™®
Respiratory issues include chronic lung infections,
decreased respiratory muscle strength. Persistent
pulmonary hypertension and obstructive airway disease,
with children who underwent ECMO and patch repair
having higher rates of pulmonary morbidity.* Adolescent
survivors often-faced mild to moderate obstructive disease
requiring bronchodilator therapy along with weak
inspiratory muscle strength.®® Gastrointestinal issues such
as failure to thrive, gastroesophageal reflux, need for
long term tube feeds and mal absorption further complicate
recovery.®:62 Neurological issues such as neurocognitive
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and developmental delay®® coupled with orthopaedic
problems such as pectus and scoliosis®®, necessitate
counselling and training to integrate these children into
society. If these children have other associated anomalies
or fit into a clinical syndrome, these problems are
multiplied. Hence, it is strongly recommended to conduct
athorough evaluation of these children after stabilization
in order to recognize potential problems, to sensitize and
educate the parents and to plan for an appropriate
rehabilitation and therapy plan.

Points to Remember

e Prenatal diagnosis of CDH is crucial so that the
labour room team is prepared for the infant and the
birth occursin a center equipped for management
of CDH.

As pulmonary hypertension is a key factor that
translates into increased mortality and morbidity in
CDH, addressing the same with medication and
ventilation and balancing both should be the key.

Preoperative stabilization and post operative careare
the two pillars of success.
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CLIPPINGS

Baricitinib in juvenile idiopathic arthritis: an international, phase 3, randomised, double-blind, placebo-
controlled, withdrawal, efficacy, and safety trial

This trial assessed the efficacy and safety of baricitinib, an oral Janus kinase 1/2-selective inhibitor, versus
placebo in patients with juvenile idiopathic arthritis.

Thisphase 3, randomised, double-blind, placebo-controlled, withdrawal, efficacy, and safety trial was conducted
in 75 centres in 20 countries. The study enrolled patients (aged 2 to <18 years) with polyarticular juvenile
idiopathic arthritis, extended oligoarticular juvenile idiopathic arthritis, enthesitis-related arthritis, or juvenile
psoriatic arthritis, and an inadequate response (after €’ 12 weeks of treatment) or intolerance to one or more
conventional synthetic or biologic disease-modifying antirheumatic drugs (DMARDS). After age-based dosing
was established in the safety and pharmacokinetic period, patients received a once-daily 4 mg adult-equivalent
dose of baricitinib (tablets or suspension) in the open-label lead-in period. Patients meeting Juvenile Idiopathic
Arthritis-:American College of Rheumatology (JIA-ACR) 30 criteria (JA-ACR30 responders) at the end of the
open-label lead-in (week 12) were eligiblefor random assignment (1:1) to receive placebo or continuereceiving
baricitinib, and remained in the double-blind withdrawal period until disease flare or up to the end of the
double-blind withdrawal period (week 44).

220 patientswere enrolled and received at least one dose of baricitinib in the study period. Timeto discaseflare
was significantly shorter with placebo versus baricitinib ( p<0-0001). Median timeto flare was 27-14 weeksin
the placebo group, and not evaluable for patients in the baricitinib group (<50% had aflare event.

Baricitinib was efficacious with an acceptabl e safety profilein thetreatment of polyarticular juvenileidiopathic
arthritis, extended oligoarticular juvenile idiopathic arthritis, enthesitis-related arthritis, and juvenile psoriatic
arthritis, after inadequate response or intolerance to standard therapy.

Ramanan AV, Quartier P, Okamoto N, Foeldvari I, Spindler A, Fingerhutova S et al. Baricitinib in juvenile
idiopathic arthritis: an international, phase 3, randomised, double-blind, placebocontrolled, withdrawal,
efficacy and safety trial. Lancet . 2023 Jul 6;S0140-6736(23)00921-2. doi: 10.1016/S0140 - 6736(23)
00921-2. Epub ahead of print.
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GENERAL ARTICLE

ENTERAL NUTRITION IN PICU

* Rajendran K
** Madhumitha V

Abstract : Nutrition isan important component of patient
management in pediatric intensive care unit (PICU).
Malnutritionin children hospitalized in PICU isassociated
with increased risk of hemodynamic instability, with the
potential to adversely influence the outcome of critical
illness. Enteral nutrition is preferred becauseit is simple,
economical and relatively free of complications.
Contraindications to enteral nutrition are very few, such
as intestinal dysmotility, toxic megacolon, peritonitis,
gastrointestinal bleeding, high output enteric fistula, severe
vomiting and intractable diarrhea. Despite its simplicity,
there are some complications during enteral feeding in
critically ill children, such as aspiration, bacterial
contamination of feeds, feed intolerance and refeeding
syndrome. Nutrition isan important component of patient
management in pediatric intensive care unit (PICU).
Accurate assessment of energy requirementsand provision
of optimal nutrition support therapy through appropriate
route is an important goal of pediatric critical care.
Enteral nutrition is preferred in children with functioning
gastrointestinal tract. Organizing a nutrition support team
constituted by a pediatrician specialized or interested in
nutrition and a dietician along with pharmacist and nurses
within the PICU teamis a wise idea to plan and execute
enteral nutrition. Close monitoring is required to reduce
the complicationsand increase the successrate. Thisreview
describes the science and challenges related to enteral
nutrition prescription and deliveryincriticallyill children.

Keywords: Enteral nutrition, Children, Critical illness,
PICU.

Optimal nutrition plays akey rolein the recovery of
children admitted to pediatric intensive care unit (PICU).
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Malnutrition already existing or developing during the
course of hospital stay may adversely affect the outcome
including duration of hospital study. With the day-to-day
challenges in management, nutrition may be overlooked
in such children. Common conditions which predisposeto
undernutrition are congenital heart disease, chronic lung
diseases, cystic fibrosis, neuromuscular diseases and
genetic syndromes requiring long term nutritional support.
The importance of continuous nutritional assessment of
critically ill children and steps in management of enteral
nutrition are discussed in this review.

Nutritional assessment

Children admitted with critical illness are at risk of
altered nutritional status and anthropometric changes that
may be associated with morbidity. Hence, nutrition
screening ismandatory to identify at-risk and malnourished
children. Critically ill children at the greatest nutritional
risk should be identified early.

Common conditions in children admitted in PICU
which predispose to undernutrition are

1. Cardiorespiratory illnessesespecially congenital heart
disease, chronic lung diseases and cystic fibrosis

Traumatic braininjury requiring surgical intervention
Spina cord injury

Burns

a > w0 Db

Respiratory failure or infection including acute
respiratory distress syndrome

6. Gastrointestinal diseases like short bowel syndrome,
biliary atresia and necrotizing enterocolitis

7. Neurological or neuromuscular diseases especially
cerebral pal sy, myelomeningocelewith complications,
spinal muscular atrophy and genetic syndromes
requiring long term nutritional support

Factors that increase nutritional risk in criticaly ill
children (with regard to underlying nutritional status,
clinical course and medical management) as per American
Society for Parenteral and Enteral Nutrition (ASPEN)
clinical guidelines are givenin Box 1.
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Box 1. Risk factors for malnutrition in
children admitted in PICU

1. Weight for age < 3 percentile

N

Height / length for age <3 percentile

w

Weight for length < 3 percentile

e

Underweight children with BMI < 5" percentile for
age

Overweight children with BMI > 95" percentile
for age

Children with weight loss of > 10% during PICU
stay

Critically ill children on significant vasoactive
support and on muscle relaxants > 7 days
Critically ill children on ventilator support for
> 7days

Critically ill children with difficulty in weaning off
the respiratory and cardiovascular support

Nutritional assessment of critically ill children should
be conducted within the first 24 to 48 hours and then at
least weekly and it can be quantitatively assessed by routine
anthropometric measurements. Standard anthropometric
measurements may be inaccurate in critically ill children
with fluid shifts, edemaand ascites, hence cannot be used
alone to estimate nutritional goals. Adequate nutritional
assessment requires assessment of energy expenditure
along with nutritional markers. Accurate estimation of
energy requirements is important for preventing both
underfeeding and overfeeding in critically ill children.
Resting energy expenditure (REE) and respiratory quotient
(RQ) are used to calculate energy expenditurein critically
ill children.

Resting energy expenditure (REE) is defined as
amount of energy required by the body during non-active
24 hour period, accounting for 60-70% of total daily
expenditure. Critically ill children experience increased
REE and depletion of nutrient stores dueto their catabolic
state. REE is reduced significantly in sedated and
mechanically ventilated children. Inhibition of anabolicrole
of growth hormone during inflammation in criticaly ill
children contributes to hypo metabolism and growth
impairment. The catabolic stressresponsefollowing critical
illness or injury varies among critically ill children based
on the severity and duration of injury or illness and
complications experienced during the clinical course, type
of medical therapy and respiratory support used.

105

2023; 25(2):215

Indirect calorimetry is considered to be the preferred
method to estimate REE in critically ill children. It isa
non-invasive technique performed at the bedside and helps
in determining specific energy needson anindividual basis.
Its use is limited due to lack of expertise, resource
constraints and its inherent difficulty for use in non-
intubated children. Inview of the problems caused by great
variability between measurement conditions, standard
prediction equations are commonly used to estimate energy
and protein needs for critically ill child. Prediction
equations are based on demographics from healthy
children. They do not account for alterations in weight
affected by body fluid status, body mass or use of sedation
and neuromuscular blocking agents often used in care of
criticaly ill children. Inaccuracies of these equationswhich
can be influenced by the above said factors may lead to
risk of either underfeeding or overfeeding as they cannot
compensate for the metabolic changes that accompany
critical illness or injury.

Respiratory quotient (RQ) is ratio of carbon dioxide
produced (V CQO,) to the amount of oxygen (VO,) consumed
by the individual. It measures inherent composition and
utilisation of various nutritional ingredients such as fat,
carbohydrates and proteins as they are converted into
energy yielding units. RQ provides good insight into
metabolic balance. RQ for carbohydrate oxidation is 1.0
andthat of fatis0.7. RQfor proteinisvariable and depends
on thetype of amino acids being metabolised. Normal range
of RQis0.67-1.3. RQ > 1.0impliesthat more carbohydrates
are used for oxidation, leading toincreased CO, production,
indicating the need to decrease the carbohydrate intake.
An RQ< 0.81 implies increased fat oxidation indicating
increased calorieintake or decreased carbohydrate intake,
thereby allowing fat metabolism. Food sources and
conditions have specific RQ values that are useful when
interpreting the REE and making recommendations for
changing dietary goals and feeding regimens.

Table I. Normal energy requirement based on
age / weight

Age/ weight Ener gy requirements per day
120-150 kcal /kg

100-120 keal/kg

Preterm neonates

Term neonates

Weight of child < 10kg|100 kcal /kg

Weight of child 1000 kecal + 50 kcal/kg
between 10-20kg over 10kg

Weight of the child 1500 kcal + 20 keal /kg
> 20kg over 20kg
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Table II. Percentage increase in energy
expenditure (EE) in various clinical
conditions

Clinical condition Percentage increase
in energy expenditure

Fever 12 % for every degree
Celsius increase recorded
above 37°Celsius

Cardiac failure 15-25%

Major surgery 20-30%

Burns Up to 100%

Severe sepsis 40-50%

Table | shows normal energy requirement based on
age/ weight and Table |1 showsthe percentageincreasein
energy expenditure (EE) in various clinical conditions.

Energy requirements fluctuate throughout the course
of illness in critically ill children. Clinicians should be
aware of these dynamic states and utilise the expertise of
pediatric dieticians to assist with nutritional assessments
and prescription of appropriate energy and protein intake
to meet individual metabolic requirements of the patient.

Enteral nutrition (EN)

Once it is decided to optimise the nutrition, the
preferred method is enteral nutrition due to its various
advantages.

Benefits of enteral nutrition (Box 2) are listed below.

Box 2. Benefits of enteral nutrition

1. Enteral nutrition is economical and more
physiological.
2. It helpsin maintaining physiological and functional

integrity of gastrointestinal mucosaby nourishing the
gut.

It helps in attenuating oxidative stress and
inflammation by decreasing cytokine production

It prevents and decreases the risk of bacterial
tranglocation

It aidsin management of fluid and electrolyte balance
6. It helpsin supporting gut associated lymphoid tissue
7. It reduces the length of stay in hospital
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Contraindications to enteral nutrition

Absolute contraindi cationsto enteral nutrition support
include: paralytic or mechanical ileus, intestinal
obstruction, bowel perforation, necrotizing enterocolitis
etc. Relative contraindications to enteral nutrition include
intestinal dysmotility, toxic megacolon, peritonitis,
gastrointestinal bleeding, high output enteric fistula, severe
vomiting and intractable diarrhea.

Under these clinical circumstances, EN should be
provided to the maximum extent astol erated by the patient,
with parenteral nutrition making up to meet the balance
nutritional requirement.

Administration of enteral nutrition
a)Access sites (Gastric vs post pyloric feeding)

Enteral nutrition delivery can begastric or post pyloric.
The choice of access depends on morphological and
functional integrity of gastrointestinal tract, duration of EN
and the risk of aspiration. Intragastric access should be
used whenever possible as it is more physiological and
also easier to achieve. Post pyloric access isindicated in
situations like gastroparesis, gastric outlet obstruction, or
previousgastric surgery precluding gastric feeding or when
early postoperative feeding after major abdominal surgery
is planned.

b) Routes (Tubes vs gastrostomy / enterostomy)

Enteral nutrition support can be provided by
replaceabl e tubes (nasogastric/ nasoduodenal / nasojejunal)
or viagastrostomy or enterostomy. The choice of the route
is influenced by duration of planned enteral nutrition
support and integrity of upper gastrointestinal tract. If a
shorter duration of enteral nutrition of lessthan 4 weeksis
required, nutrition should be directly supplied to stomach,
duodenum or jejunum via tube. Nasoduodenal or
nasojejunal tube feeding can be performed when gastric
tube feeding is difficult owing to the risk of aspiration.

If enteral nutrition support is expected to be required
for long term, feeding via gastrostomy or enterostomy is
the preferred route. Chronic diseases associated with
nutritional imbalance or neurological abnormalities such
as cerebral palsy and neuromuscular disorders are
indications for percutaneous endoscopic gastrostomy
(PEG) or jejunostomy (PEJ). PEG (J) is also considered
for feeding and decompression if malignant tumorsof head,
neck and esophagus or chronic intestinal pseudo
obstruction is present. PEG(J) is contraindicated if the
patient has terminal illness with limited life expectancy,
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uncorrectable coagulopathy, inability to perform UGI
endoscopy, or failureto transilluminate the abdominal wall.

Composition of enteral formulations

EN is predominantly offered as liquid ready-to-feed
formulations. It suppliesabalanced mix of al the essential
nutrients needed to meet physiological requirements and
growth. When pediatric formulasare not avail able, an adult
formulation can be used preferably beyond the age of 8 to
10years. Anenergy density of 1 kcal/mL feedisappropriate
for most children and it al so suppliessufficient fluid intake.
Children with increased energy requirementsin alimited
volume should receive feeds with a high energy density
(1.5 kcal/mL). Supplemental PN should be used if
nutritional requirements cannot be fully met by EN alone.

Polymeric feeds are usually based on cow’s-milk
protein. Low-molecular formulas are feeds with
oligopeptides derived from protein hydrolysates, and
elemental feeds are based on free amino acids.
Low molecular formulas are indicated in children with
intolerance to polymeric feeds and those with severe
impairment of intestinal absorption. It is expensive and
usually delivered by tube feeding due to poor palatability.
Enteral formulations are generaly gluten free and also
contain only low amounts of lactose. Isoosmolar feeds
(osmoalality: 300-350 mOsm/kg) is always preferable as
feedswith high osmolality may induce diarrheain patients
withintestina pathology. Feedsrichinfiber have beneficia
effects on intestinal physiology and prevent both diarrhea
and constipation. Feeds rich in lipid content and low in
carbohydrate is beneficial to children with stress
metabolism like insulin resistance, hyperglycemia,
septicemiaand burnsand can also reduce CO2 production.

Medium-chaintriglycerides(MCT oils) arebeneficial
in patients with fat malabsorption, severe short bowel
syndrome and disorders of lymphatic system. Random use
of MCT oil should be avoided as it contains 15% less
energy per gram than natural oilsand also reduces essential
fatty acid intake. Dietsrich in mono-unsaturated fatty acid
seem to improve insulin resistance, but clinical evidence
inchildrenislacking. Long-chain omega-3 polyunsaturated
fatty acids provides anti-inflammatory and immune
modulating effects, but needs further research to proveits
efficacy.

Disease-specific formulas

Disease specific formulations can be prepared in
hospital kitchens or at home or available as ready-made
and it includes the following.
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1. Feeds with reduced protein contents are used for
patients with renal disease or hyperammonemia

2. Feedsrichinlipid content provided by MCT and fat-
soluble vitamins are used in children with severe
cholestasis and short bowel syndrome.

3. Carbohydrate-modified formulasare used in children
with galactosemiaor glucose galactose mal absorption

4. Formulas based on extensively hydrolyzed protein or
amino acids are used in children with cow’s milk
protein allergy or food alergy

Barriersto enteral nutritional support
Barriers that are unavoidable include

1. Critically ill children with hemodynamic instability
on multiple vasoactive agents

2. Need for fluid restriction especialy in children with
acute or chronic kidney injury and congenital heart
disease.

3. Critically ill children demanding extracorporeal
membrane oxygenation

4. Patients at risk for necrotizing enterocolitis.
5. Feeding intolerance

Hypoxia, hypovolemia or hemodynamic instability
may result in shunting of blood from splanchnic vascular
bed |eading to ischemiaof gastrointestinal tract. Feeding a
potentially ischemic gastrointestinal (Gl) tract increases
risk of severe progressive mucosal injury and tissue death.
Vasoactive agents commonly prescribed in PICU also
compromises splanchnic perfusion resulting in
ineffectiveness of EN.

Feeding intolerancein critically ill pediatric patients
occurs secondary to Gl dysmotility driven by sympathetic
nervous system stimulation, immobilization, use of
sedation and muscle relaxants. It manifests as abdominal
distension or discomfort, persistent emesis or diarrhea or
high gastric residual volumes (GRV). Practical application
of GRV to assessfeeding intolerance and aspiration risk is
guestionable as the lower limit of GRV that protects from
risk of aspiration is unknown. In addition there are also
other reasons for EN interruptions are failure to place
nasogastric tube (NGT), dislodgement of NGT, feeding
tube blockage, and lack of standard approach to delivery
of nutrition.
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Criticaly ill children experiencing unavoidable EN
interruptions should beinitiated on parenteral nutrition and
effectively advanced to meet nutritional needs.

Complications of enteral nutrition

Enteral nutrition in critically ill children carries
significant risks and complications. Most important of
which is considered in detail below. Tables 11l and IV list
the mechanical and gastrointestinal complications
associated with enteral nutritional support in critically ill
children respectively.

Metabolic complications: Children with chronic nutritional
imbalance are at risk of refeeding syndrome during abrupt
feeding of high energy nutrition.

Refeeding syndrome

Refeeding syndrome is a potential metabolic
complication occurring in malnourished children asaresult
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of implementation of nutritional support. Starvation causes
adaptive reductionsin cellular activity and organ function
accompanied by micronutrient, mineral, and €electrolyte
deficienciesand stores of nitrogen, phosphate, magnesium,
and potassium are depleted. Sudden reversal of catabolism
through nutritional support (particularly excessive
carbohydrate) leads to a surge of insulin secretion, which
causesmassiveintracel lular shift of phosphate, magnesium,
and potassium with a subsequent fall in their serum
concentrations. These electrolyte imbalances can lead on
to development of hemolytic anemia, muscle weakness,
and impaired cardiac function, leading potentially to
cardiac failure, fluid overload, arrhythmia and death.

Children with severe chronic weight loss such as
anorexia nervosa and cancer cachexia are at greater risk
especially during the first week of feeding. Assessing the
baseline nutritional status and hydration before initiating
nutritional support, checking baseline serum electrolytes,

Table III. Complications associated with nasoenteral feeding tubes

Complications Possible Cause

Prevention / Treatment

Tube related complications Improper tube care

1. Plugging

1. Flush the tube before and after each feed
2. Open clogged tubes using warm water

3. Replace the tube

2. Tube dislodgement
unintentiona removal

Coughing , sneezing, vomiting or

1. Tube position to be checked before each feed

2. Reposition the tube if dislodgement noted

3. Nasopharyngeal discomfort

Larger tubes or flexible tubes

Use smaller and soft tubes

4. Tracheo-esophageal fistula

tracheostomy tubes

Pressure necrosis occurring
secondary to presence of large
nasoenteric and nasotracheal or

Use small and soft tubes

5. Tube misplacement

(endobronchial / intrapleural /
intrapericardial / intracranial)
Mechanical ventilation

Altered consciousness with
absence of cough and gag reflex

Tube position to be checked after insertion and
before each feeding

6.Visceral perforation with
associated complications
e Pneumothorax

e Empyema
e Mediastinitis

e Pneumatosis intestinalis

Misplacement of the tube

1. Gentle insertion

2. Check position after insertion and before
securing the tube
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Table IV. Gastrointestinal complications
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Complication

Possible causes

Prevention / treatment

Diarrhea

Increased rate of infusion

Decrease the rate of infusion and gradually
increase as tolerated

High osmolar feeds

Build up the strength of feed slowly and give it
by continuous infusion

Impaired gut function

Use hydrolysed formula or modular feed

Bacterial contamination of feeds

Use sterile, commercially prepared feeds

Drugs like antibiotics and |axatives

Review drug prescription

Nausea or vomiting

Increased rate of infusion

Decrease the rate of infusion and increase it as
tolerated

Delayed gastric emptying

Constipation

Encourage lying on right side
Use prokinetics
e Adequate fluid intake

e Providediet rich in fiber

Medications given along with
the feed

Increase time gap between feeds and
medications

Psychological factors

Regurgitation or aspiration

Gastroesophageal reflux

o Givethick feeds
e Dédliver the feed by continuous infusion
o PPl

e Feed through nasojejunal tube

Tube dislodgement

Correct the tube position and check the position
before each feed

Increased rate of infusion

Decrease the rate of infusion

Intolerance to bolus feeds

Give frequent small feeds or deliver the feed by
continuous infusion

magnesium, and phosphate and monitoring them daily,
monitoring the cardiovascular status clinically and by ECG
and echocardiography are essential strategiesof prevention.

Enteral feeding regimen

e |nitial enteral feeding regimen should be limited in
terms of volume and energy content to provide around
75% of requirements in severe cases
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<7 years:60 kcal/ kg/ day
7-10 years:50 kcal/ kg/ day
11-14years: 45 kcal/ kg/day
15-18 years:40 kcal/ kg/ day

e [finitial intakeistolerated, thismay beincreased over
3to5days
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e Frequent small feedsisrecommended with an energy
density of 1 kcal/mL to minimise fluid overload

e Protein intake may start at 0.6 tolg/ kg/ day and
increaseto 1.2 to 1.5 g/kg/day

e Supplements are given as follows:
Sodium: 1 mmol/ kg/day
Potassium: 4 mmol / kg/ day
Magnesium: 0.6 mmol/ kg/ day

Phosphate up to 1 mmol/ kg/ day intravenously
and up to 100mmol/ kg/ day oraly for children
older than 5 years of age

e Hypocalcemia should be corrected

e Thiamine, riboflavin, folic acid, ascorbic acid,
pyridoxine and fat-soluble vitamins must be
supplemented and additional trace elements may also
be added.

Bacterial contamination of feeds*

Microbiological contamination of enteral tube feeds
in hospital iscommon. The organismsisolated from feeds
include coagul ase-negative staphylococci, streptococci and
Gram-negative bacilli. |nadequate hand washing techniques
and poor attention to hygiene while handling the feed
containers are the risk factors involved. Vulnerable
population includes immuno compromised children and
those with impaired gastric acid barrier. Bacterial
contamination of commercial products may occur while
opening and decanting feeds from source containers.
Hence, frequent feeds may be unwise unless the
administration sets are also changed. Commercially
available “‘ready to hang” closed enteral feeding systems
are designed to limit handling. Though it reduces the risk
of microbial contamination due to poor handling
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procedures, retrograde contamination of the set may still
occur and the risk of contamination increases with the
duration of feed. Based on limited evidence, it issuggested
that feed hang time should not exceed 4 hours. Bacterial
contamination of feeds can be prevented by preparing feeds
and setting up feeding systemsin aclean environment with
scrupulous attention to hygiene.

Drug-nutrient interactions

Medications to be taken orally are often given viaan
enteral feeding tube in critically ill children. Crushing or
dissolving medications for administration through enteral
feeding tube can affect drug bioavailability and also leads
to tube occlusion. Absorption, metabolism and the excretion
of drug may be affected by enteral feeds and its
components. Bioavailability of the medicationsisimproved
by flushing the feeding tube with water before and after
drug administration. Liquid drug preparations with high
osmolality can provoke diarrhea when given viaajeuna
tube if not first diluted.

Recommendations for administering medications via
enteral feeding tubein critically ill children:

Prefer aternate route of drug delivery if possible

e Avoid giving enteric coated and slow-release tablets

viafeeding tube.

Prefer liquid preparation if the tube is the only route
available.

Tablets must be thoroughly crushed and mixed with
water and the contents of gelatin capsules can be
dissolved in warm water.

Flush the tube with water before and after
administration of each medication.

Table V. Comparison of bolus feeding and continuous feeding

Bolus feeding

Continuous feeding

More physiological, economica and does not require
afeeding pump for infusion

Requires feeding pump for accurate delivery and to aid
intestinal adaptation.

Provides cyclical surges of gastrointestinal hormones
and hence has trophic effect on intestinal mucosa

Has lower probability of emesis compared to bolus
feeding

Allows the feeding patient to freely perform his
activities

More effective at enteral balance and weight gain

Carriesrisk of osmotic diarrhoea and emesis.

Can be given overnight to avoid disruption of day time
schedule and oral intake.
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Table VI. Feeding volume according to bolus and continuous feeding
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Bolus feeding Continuous feeding

0-12mo 1-6Yrs >7Yrs 0-12mo 1-6Yrs >7Y'rs
Initiation | 10-15mL/kg 5-10 mL/kg 90-120 mL/kg | 1-2mL/kg 1mL/kg 25 mL/kg

every 2-3 hours | every 2-3 hours | every 3-4 hours| every hour every hour every hour
Advance | 10-30mL 30-45mL 60-90 mL 1-2mL/kg 1mL/kg 25 mL every

per feeding per feeding per feeding every 2-8 hours | every 2-8 hours| 2-8 hours
Suggested | 20-30 mL/kg 15-20 mL/kg 330-480 mL 6 mL/kg 1-5mL/kg 100-150 mL
tolerance | every 4-5hours | every 4-5hours | every 4-5 hours| every hour every hour every hour
volumes

Bolus ver sus continuous feeding

Each has its own indications and advantages which
arelisted in Table V.

Feeding volumesin various age groupsfor both bolus
and continuous feeding is shown in Table VI.

Role of pre-biotic, probiotic and symbiotic organisms

Probioticsareviable bacteriaor yeast microorganisms
that can benefit patientswhen added as dietary supplements
Prebiotics are fermentable and soluble dietary fibers such
as inulin and fructo oligosaccharides which stimulate the
growth or activity of beneficial bacteriain the gut, thereby
improving host health. Symbiotic formulations contain both
products. The inclusion of symbiotics in enteral formula
resulted in anincreasein faecal bacterial groups, previously
reported to have beneficial effects. But, evidence is still
lacking to recommend the use of prebiotics, probiotics, or
symbioticsin critically ill children.

Use of prokinetic agents

Abnormal gastric motility iscommon in criticaly ill
children and it prevents the achievement of nutritional
goals. Largegastric residual volumewith increased risk of
aspiration of gastric contents occurs secondary to delayed
gastric emptying. Role of prokinetics in management of
feed intolerance still remains unclear. Agents like
erythromycin, metocl opramide and domperidone have been
used alone or in combination with variableresultsand their
use is not risk free. Domperidone use is associated with
long QT syndrome. Evidenceislimited to support the use
of prokinetic drugs for feed intolerance or to facilitate
enteral accessdevice placement asper A.S.PE.N guidelines
on pediatric nutrition. Methyl naltrexone, mitemcinal,
ghrelin agonists and dexloxiglumide are newer agents
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available with potential advantages but further researchis
needed to prove their efficacy and safety.

Role of nutrition support team (NST) in PICU

Nutrition therapy in PICU should be guided by NST,
which is constituted by a pediatrician specialized or
interested in gastroenterology or nutrition and a dietician
along with pharmacist and nurses. They will plan and
execute the following aspects of care: nutritional status
assessment at admission and during PICU stay, estimation
of nutritional requirements, route of administration of
nutrition, use of insulin and establishing a day-to-day
nutritional prescription. NSTs can provide knowledge
updatesfor clinical staff toimprovethedelivery of nutrition
in critically ill children.

Role of feeding protocols

Feeding protocols aid in implementing early enteral
feedingsin critically ill children. Itsimplementation could
be assisted by a specialized nutrition support team.
Feeding protocols may identify caloric goals, route and
time of initiation of EN, typeof formulation, rate of increase
ininfusion rate and timeto reach caloric goal. Evidenceis
lacking to support the use of feeding protocolsin PICU.

Immuno-nutrition in critically ill children

Immuno-nutrition are specific nutrients aimed at
modulating the inflammatory or immune response.
Nutrientswith immune modul ating effectsinclude arginine,
glutamine, aminopeptides, omega 3 fatty acids and
antioxidants. RCTs employing immune nutrition in
critically ill children have not demonstrated positive
treatment effect till date, and hence its routine use in
critically ill children is not recommended with available
data.
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Fig.1. Algorithm for enteral nutritional support in critically ill infant or children

Monitor |'ng dur.lng =N ) ] o e Monitor daily calorie and protein intake with guidance
e Monitor weight of the child daily as it is a valuable from dieticians to decide on appropriate protein and
indicator of nutritional status. Document height or caloric intake.
length of the child whenever possible. Interpretation
of weight should be done in the context of fluid e Monitor abdominal girth periodically following feeds

therapy, volume overload and diuresis. asitisagood indicator of feed intolerance.
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e Measurement of gastric residual volume(GRV) before
next feed is an indirect indicator of feed intolerance.
Evidence is lacking to guide this practice and its use
can lead to unnecessary feed interruptions.
GRV should always be interpreted only in context of
other signs of feed intolerance like abdominal
distension and vomiting. No evidence supports that
monitoring GRV can prevent aspiration in pediatric
patients.

Document stool frequency , consistency and quantity
daily

Confirm and document the placement and position of
nasogastric tube before each feed

Serum levels of electrolytes, protein, triglycerides,
urea, lactate, ammonia and blood gas should be
monitored at least once a week.

The role of Critical Care Enteral Nutrition (EN)
Practice Bundle comprising nutrition assessment at
admission, identification of individual caloric goal,
early initiation of EN, elevation of head of bed and
use of an institutional guideline to maintain optimal
EN isbeing studied.

Algorithm for enteral nutritional support in critically

ill infant or childrenis shownin Fig.1.

Points to Remember

e Among children admitted in PICU, common
conditions which predispose to under nutrition are
congenital heart disease, chronic lung diseases and
cystic fibrosis, neuromuscular diseases and genetic
syndromes requiring long term nutritional support

¢ Benefitsof enteral nutrition includeitssimplicity and
ability in maintaining physiological and functional
integrity of gastrointestinal mucosa.
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Absolute contraindications to enteral nutrition
include, paralytic or mechanical ileus, intestinal
obstruction, bowel perforation and necrotizing
enterocolitis.

Disease specific formulations are available for
specific conditions such as renal disease or
hyperammonemia and cow's milk protein allergy
(with reduced proteins, extensively hydrolyzed
protein or amino acid formulas).

Complications are minimal and include tube
dislodgement, aspiration and refeeding syndrome.

Monitoring of vital signs, growth parameters,
abdominal girth and biochemical parameters are
essential to identify the complications
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DRUG PROFILE

DOSAGE ADJUSTMENTS IN PATIENTS
WITH RENAL IMPAIRMENT
- ANTIBIOTICS - PART 1
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** Jeeson C Unni

Abstract: Dosages of commonly used antibiotics need to
be modified in renal impairment to ensure antimicrobial
efficacy and to avoid toxicity. Based on the
pharmacodynamics of the antibiotic, modifications may
be either by adjusting dosageitself or by adjusting the the
interval between doses . With antibiotics exhibiting time
dependent killing properties, dosage adjustment isrequired
Whereas,with those exhibiting concentration dependent
bacterial killing like aminoglycosides, dosing interval
needs to be adjusted. In this article, dosage adjustments
for beta lactams, cephalosporins, carbepenems and
macrolides are discussed.

Keywords: Renal impairment, Glonurelar filtration rate,
Creatinine clearance, Dosage adjustment.

Dose adjustment of antibioticsin renal impairmentis
usually stressed in the intensive care settings.
But commonly used antibioticsin general practice aso need
dose adjustments in rena impairment. In this article we
discuss the renal dose modifications of antibioticsused in
pediatric general practice. Thisis essential to maintain
the antimicrobial efficacy and at the sametime, to prevent
toxicity.

There are two ways of adjusting the dosage-interval
adjusting or dose adjusting. They are utilised depending
on the antibiotic characteristics. Concentration-dependent
killers like aminoglycosides needs interval adjustment
whereas time-dependent killers like fluroquinol ones need
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dose adjustment. Some less toxic antibiotics like beta
lacatams can be either dose or interval adjusted whereas
few do not need any dose modification.

Beta lactam antibiotics
Benzyl penicillin

Benzyl penicillin iswater solubleand 60-90% of dose
is excreted by renal elimination, 10% by glomerular
filtration and 90% by tubular secretion. 10-30% of a dose
ismetabolizedintheliver to penicilloic acid. Sixty percent
is protein bound, its molecular weight is 3 334.39 daltons
and half-life (t%2): Infants and children: 0.5-1.2 hours,
neonates >14 days old: 0.9-1.9 hours, 7-13 days old:
1.2-2.2 hours, < 6 days old: 3.2-3.4 hours, and in renal
impairment it is 10 hours. The dosage for severeinfection
morethan 4 weeks of ageis50 mg/kg (max 2.4g) IV every
4-6 hours and that of mild infection is 25 mg/kg IV
6" hourly.

In GFR>50 mL/min - no dose adjustment is needed,;
between 10 to 50 mL/min, give normal dose at 8" hourly
interval and in GFR <10, give normal dose at 12 hrly
interval.

Itisdiaysableandisremoved by HD, PD and CRRT-
Give normal dose every 12 hrly, post diaysis in case of
HD. Increased incidence of neurotoxicity (seizures) is
reported with renal impairment.2

Ampicillin

Ampicillin is a semisynthetic aminopenicillin and is
widely used. It isexcreted mainly in the bile and urineand
60-80% is excreted unchanged in the urine.
The conventional dosage is 50 mg/kg 6™ hourly. The t% of
ampicillin in children is 1-1.8 hour, neonates 8-14 days
old - 2.8 hours, 2-7 days old - 4 hours and in renal
impairment - 7-20 hours. No dose adjustment is needed
above GFR of 20. Between aGFR of 10 and 20, givenormal
dose 8 hourly and if below 10, give 12 hourly. Ampicillin
is dialyzed, around 40% of the dose is removed by HD.
Give normal dose every 12 hours, administered after
dialysis session. It is not removed through PD. In CRRT,
give normal dose over 6 to 8 hours.?



Indian Journal of Practical Pediatrics
Cloxacillin

Infections with beta lactamase producing
staphylococci warrant usage of cloxacillin. It ismetabolized
and metabolites are excreted in the urine by glomerular
filtration and renal tubular secretion. Biliary excretion is
minimal.

Dosage - Newborn <7 days: 50-100mg/kg/day 1V/oral in
2 divided doses; 7-21 days 75-150mg/kg/day in 3 divided
doses, > 21 days 100-200 mg/kg/day in 4 divided doses.
May be increased to 100mg/kg/dose in severe infection
(meningitis, cerebral abscess, staphylococcal osteitis).
Orally used only for minor infections. Children 50-100 mg/
kg/day IV/IM in 4 divided doses (max single dose
1 gm - may be doubled in severe infection);
<1yr 250mg/day Oral, 1-5 yr 500mg/day, 5-18 yr 1gmin
4 divided doses. Doses may be doubled in severeinfection.

Cloxacillinis not dialyzed and no dose adjustment is
needed till GFR of 10. Use normal dose every 8 hours if
estimated glomerular filtration rate lessthan 10 mL/minute/
1.73m?.

Co-amoxiclav(Amoxycillin Clavulanic acid)

The pharmacokinetics of amoxicillin and clavulanic
acid are similar - both have low levels of serum binding;
about 70% remainsfreeintheserum. Amoxicillinislargely
excreted through the kidneys unchanged and a small
fraction is excreted in the bile. Clavulanic acid is 50-70%
metabolized, with approximately 40% eliminated via the
kidneys, primarily by glomerular filtration.

Dose is calculated on amoxycillin content. Neonates
- 30mg/ kg/day in 2 divided doses. Children 20-45 mg/kg
in 2-3 divided doses.

No dose adjustment is required till GFR of 30.
Between 10-30 ml/min, givenormal doseinitially followed
by 50% dose 12 hourly. In GFR<10, give normal dose
initially followed by 50% dose 24 hourly.* Regarding oral
administration, in GFR<10, give 100% of dose at 12 hrly
intervals.

In the setting of HD/PD - give normal initial dose
followed by 50% of dose 24 hourly and in CRRT, after
normal initial dose, 50% dose, 12" hourly.

Piperacillin Tazobactum

Piperacillinisexcreted unchanged intheurine. It al'so
undergoes metabolism to aminor microbiologically active
metabolite. Tazobactam is metabolized to asingleinactive
metabolite, with 80% of a dose appearing in the urine
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unchanged. Both piperacillin and tazobactam are
eliminated by the kidney via glomerular filtration and
tubular secretion. The t% of piperacillin in children
2-12 years: 0.7 hours; and of tazobactum 6-12 years:
0.9 hours, 2-5 years: 0.8 hours; while in renal failure in
adults it is 4-6hours for piperacillin and 7 hours for
tazobactum.

Dosage - Hospital-acquired pneumonia, septicemia,
complicated infectionsinvolving the urinary-tract, skinand
and soft tissues: IV infusion - Neonate: 90 mg/kg 8 hrly;
1 month - 12 years: 90 mg/kg 6th-8th hourly (max.4.5 g/
dose once in 6 hrs); 12-17 yrs: 4.5 g 8 hrly; increased if
necessary to 4.5 g 6 hrly. For acute exacerbation of
bronchiectasis used above 1/12 age in same doses as
mentioned and for infections in neutropenic child at
90 mg/kg 6 hrly (max. per dose 4.5 g). Complicated intra-
abdominal infections: 1V infusion - 2-11 yrs: 112.5 mg/kg
8 hrly (max. per dose 4.5 g); 12-17 yrs: 4.5 g 8" hrly;
increased if necessary to 4.5 g 6" hrly. Note: Piperacillin
with tazobactam is not licensed for use in children under
12 years (except for children 2-12 yearswith neutropenia).

In GFR above 50 mL/min, no dose adjustment is
required.® Between 30 and 50 mL/min GFR, administer
50 mg/kg 6™ hourly and in GFR<30,administer 50 mg/kg
8"hourly. It isremoved through HD/CRRT but not through
PD. Administer supplementary dose post HD
(50-75 mg/kg 12 hourly). In PD give 50-75 mg/kg
12 hourly. In CRRT, administer dose of 35-50 mg/kg
12 hourly.

Ticarcillin clavulanic acid

Themajor route of elimination for both ticarcillinand
clavulanic acidisrenal excretion.® Approximately 60-77%
of adose of ticarcillin and 35-45% of clavulanic acid is
excreted unchanged in the urine.

The dosage in infections due to Pseudomonas and
Proteus spp-1V infusion: preterm (< 2 kg): 80 mg/kg 12 hrly;
preterm (>2 kg): 80 mg/kg 8hrly, increased if necessary to
6hrly; term newborn and child upto 40kg: 80 mg/kg 8 hrly;
increased if necessary to 6 hrly; child > 40kg: 3.2 g 6thto
8hrly, increasedto 4 hrly for treated more severeinfections.

Between GFR of 30-60 mL/min, give normal dose at
8 hourly intervals; between 10 and 30 mL/min, give dose
of 50 %-100% dose 8 hourly and in GFR <10 ml/min, give
50% to 100% dose 12 hourly.

Itisremoved through HD and CRRT but not removed
through PD. Give 50% -100% of normal dose 12 hrly in
HD /PD and 8 hourly in CRRT.
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Cephalosporins

Cephalosporins are chemically related to penicillins;
the nucleus consists of a beta lactam ring fused to a
dihydrothiazine ring. They are divided into 4 generation
and lately added members have been designated
5th generation.

1% generation cephalosporins
Cephalexin

Well absorbed from Gl tract. Bioavailability of
75-100% only slightly reduced by food.
Reduced absorption in young children - upto 50% in
neonates. Peak levels appear 1 hour after dose in older
children, within 2 hours in children 9-12 months of age,
and 3 hoursin infants <6 months old. Half-life: 1 hour in
older children, 2.5 hours in infants aged 3-12 months,
5 hours in neonates. Widely distributed in body. Does not
enter CSF. Not metabolized. Appearsin bilein therapeutic
concentration, 80% excreted in urine within 6 hours of a
dose.

Dosage: Children 25-100 mg/kg/24 hr in 3-4 divided doses,
adolescent 250-500 mg 4 times daily (maximum 4 gm/24 hr.

Reduce dose in severe renal impairment (creatinine
clearance <10mL/minute/1.73m?) by reducing dose
frequency. Removed by dialysis thus an additional dose
may be required after dialysis.

Cefazolin

Peak serum concentrations attained 1-2 hours post
intramuscular injection; it is 74-86% protein bound and is
excreted unchanged in the urine. In the first six hours
approximately 60% of the drug is excreted in the urine
and thisincreases to 70%-80% within 24 hours. The t¥zis
approximately 1.8 hours following IV administration and
approximately 2.0 hours following IM administration.

Dosage: 7 days or younger: 25 mg/kg IV or IM every
12 hours; 8 to 28 days: Up to 2 kg: 25 mg/kg IV or IM
every 12 hours; > 2 kg: 25 mg/kg IV or IM every 8 hours;
1 month or older: mild to moderate infections: 25 to
50 mg/kg/day 1V or IM in 3 divided doses (maximum dose:
3 g/day); severeinfections: 100 to 150 mg/kg IV or IM in
3 divided doses (maximum dose: 6 g/day).

Renal impairment: CrCl 40 to 70 mL/min: 60% of usual
daily dose given 12" hourly, CrCl 20 to 40 mL/min: 25%
of usual daily dose given 12" hourly, CrCl 5 to
20 mL/min: 10% of usual daily dose every 24 hours.

116

2023; 25(2):226
2nd generation cephalosporin
Cefuroxime

Peak levelsreached 35-40 minutes after IM injection
and the drug is excreted unchanged in the urine.
Oral absorption is poor and requires presence of food to
maximize absorption.

Dosage: Infections due to sensitive Gram-positive and
Gram-negative bacteria - Orally (as cefuroxime axetil) -
3 months-2 years 10 mg/kg (max. 125 mg) twice daily;
2-12 years 15 mg/kg (max. 250 mg) twice daily;
12-18 years 250 mg twice daily; doublethe dosefor severe
lower respiratory-tract infections; 125 mg twice daily in
lower UTI. IV, IV infusion, IM - <7 days age - 25 mg/kg
12 hrly; 7-21 days age 25 mg/kg 8 hrly; 21-28 days age -
25 mg/kg 6th hrly; severeinfection in neonates give IV at
double these doses. 1month-18 years 20 mg/kg
(max. 750 mg) 8 hrly; increase to 50-60 mg/kg
(max. 1.59) 6-8 hrly in severeinfection and cystic fibrosis.
Lyme disease - Orally - 3 mths-12 yrs 15 mg/kg
(max. 500 mg) BD for 14-21 days (for 28 days in Lyme
arthritis); 12-18 years 500 mg BD for 14-21 days
(for 28 days in Lyme arthritis) Surgical prophylaxis -
IV - 1 month-18 years 50 mg/kg (max. 1.5 g) up to 30 min
before procedure; up to 3 more doses of 30 mg/kg
(max. 750 mg) may be given IM/IV 8 hrly for high-risk
procedures.

No dosage modification is needed for GFR of
30-50 mL/min; 25-50 mg/kg /dose 12 hrly and 24 hrly if
GFR is 10-30 and <10, respectively.

3rd generation cephalosporin
Ceftriaxone

Ceftriaxone is 90% protein bound and eliminated
mainly unchanged, approximately 60% being excreted in
the urine, by glomerular filtration. The rest of the doseis
excreted viathe biliary and intestinal tracts.

Dosage: Neonates 50-75 mg/kg once daily IM/IV.
Infuse over 10-30 min. Avoid in premature, neonates with
acidosisor hyperhilirubinemia. Children 50-75 mg/kg once
daily 1V/IM. Meningitis loading dose 75mg/kg followed
by 80-100mg/kg/24 hrs once or divided 12hrly.
Maximum 4gm/day.

There is no dose adjustment in GFR>10. In GFR
<10 mL/min, usual dose given at 24 hourly. Ceftriaxoneis
not dialyzed and thedose on HD, PD and CRRT issameas
above.®
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Cefotaxime

Cefotaxime is partially metabolized and is
predominantly eliminated by renal excretion.
Approximately 60% of a dose is excreted unchanged in
the urine, whereasrest isexcreted asthe microbiologically
active metabolite desacetyl-cefotaxime. The usual dosage
is 50 mg/kg/dose 6 hourly.

No dose adjustment is needed above GFR of
5mL/min. In GFR below 5 mL/min, give 1% doseasnormal
and continue the subsequent doses as 50 % at the same
frequency. It is partially removed in HD and so continue
the dosages as suggested for less than 5 mL /min GFR.
In CRRT give normal dose at 8 hourly intervals.
Administration of high-dose cephal osporinsin patientswith
renal impairment may result in encephal opathy. The dose
adjustments of the rest of 3rd generation cephal osporins
aregivenin Table | below.”®

Fourth generation cephalosporin
Cefepime

Cefepime is metabolized to N-methylpyrrolidine and
later intoitsoxide. Thisundergoes renal excretion mainly
through glomerular filtration.*

Children > 2 yrs age: 1V 50 mg/kg every 8 h (maximum
2 g/dose). Intraperitonial 15mg/kg/dose. In peritoneal
dialysis associated with peritonitis 1000mg/24hrs.

Between GFR 50-10 mL/min, give 50 mg/kg 24 hourly
and below 10 ml/min, give 50 mg/kg 48 hourly. The dose
on HD and PD are 50 mg/kg 24 hourly and on CRRT is
50 mg/kg /dose 12 hrly (the regular dose). Cefepime is
known to cause neurological manifestations including
seizures and myoclonus when administered in renal
impairment. Thisis considered to be due to concentration
related GABA antagonism.

Table I. Dosage adjustment as per GFR
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Monobactam
Aztreonam

Approximately 6 to 16% metabolized to inactive
metabolitesby hydrolysis of the beta-lactam bond, resulting
in an open-ring compound; protein binding of 56%
independent of dose; t ¥2 of 1.7 hours (1.5 to 2.0) and
2.1 hours with normal renal function, independent of the
dose and with renal impairment, respectively and excreted
in the urine about equally by active tubular secretion and
glomerular filtration, complete after single IV
administration within 12 hours.

Dosage: IV over 3-5minor |V infusion - <7day old-30mg/ kg
12th hrly; rest of neonatal period and upto 12yr - 30mg/ kg
6-8th hrly. In severeinfection and cystic fibrosisin 2-12yr
olds - may increase upto 50mg/kg 6-8th hrly (max 2gm
6th hrly); 12-18yr - 1gm 8th hrly or 2gm 12th hrly (severe
infection with Paeruginosaor pulmonary infectionincystic
fibrosis). Nebulisation for P. aeruginosa pulmonary
infectionin cysticfibrosis6-17 years: 75 mg 3 timesaday
for 28 days, dosesto be administered at least 4 hours apart.

Renal impairment - No dose modification required in GFR
above 30 mL/min. In GFR between 10-30, administer
15-20 mg/kg/dose 8 hourly. In GFR <10 mL/min give
7.5-10 mg/kg/dose 12 hourly

In HD and PD give dose as suggested for GFR <10,
In CRRT, give normal dosage.

Carbapenems
Imipenem-cilastin

Cilastatin is the enzyme inhibitor which blocks the
metabolism of imipenem in the kidney thereby increasing
the plasma concentration. When imipenem and cilastatin
are administered concurrently, approximately 50-70% of
the imipenem dose and 75% of the cilastatin dose is

Drug Normal dose GFR 30-50mL GFR 10-30mL GFR <30 mL
Ceftazidime (1V) |25-50 mg/kg 8 hrly | 1st normal dose 1st normal dose 1st normal dose

then 50 mg/kg 12 hrly | then 50 mg/kg 24 hrly | then 50 mg/kg 48 hrly
Cefoperazone (1V)| 25-50 mg/kg 6th hrly | same dose g8hrly same dose 12 hrly samedose 12 hrly
Cefixime (Oral) |5 mg/kg/dose 12 hrly | no change no change 4mg/kg/dose 12 hrly
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excreted unchanged in the urine by both glomerular
filtration and tubular secretion. Imipenem also undergoes
hydrolysis of the beta-lactam ring to form a
microbiologically inactive metabolite. Half-life is
approximately 1 hour in healthy older children, 1.5-2 hours
inyounger children and up to 3 hoursin prematureinfants.
Imipenem is widely distributed in many body tissues but
levelsare low in the CNS.

Dosage: Newborn 1V 20mg/kg/dose in the frequency -
< 7days, 7-21 days and >21 days at 2 times, 3 times and
4 times daily respectively. Children - IV <3months
80mg/kg/day, 3month - 12 yr 60mg/ kg/day, 12-18 yr 2gm/
day in4 divided doses. (max/dose<12 yr 500 >12 yr 1gm).
Children - 1V <3months 80mg/kg/day, 3month - 12 yr
60mg/ kg/day, 12-18 yr 2gm/day in 4 divided doses.
(max dose <12 yr 500 >12 yr 1gm).

In GFR, 30 give 50% dose 12 hourly. Avoid in GFR
<10 unless dialysis is planned. In HD, give normal dose
12 hourly. In PD give 50% of dose 24 hourly. In CRRT,
givenormal dose 8 hourly. Imipenem has seizure potential
and has to be carefully used in renal impairment.

M eropenem

Approximately 70% of Meropenem is excreted
unchanged inthe urine over 12 hours. The only metabolite
of meropenem is microbiologically inactive. Half-life is
approximately 1 hour in healthy older children, 1.5-2 hours
inyounger children and up to 3 hoursin prematureinfants.
2% is plasma protein bound.

Dosage: Newborn - 40mg/kg/day in 2 divided doses
<7 days and in 3 divided doses >. 7 days. Double dose in
meningitis and severe infection. Children UTI,
gynecological, skin and soft tissue infection - 30mg/kg in
3 divided doses (max 500mg/dose) Pneumonia, peritonitis,
neutropenia, septicemia- 60mg/kg/ day in 3 divided doses
(max 1gm/dose) Meningitisand life threatening infections
- 120mg/kg/day in 3 divided doses (max 2gm/dose).

No dose adjustment above GFR of 50 mL/min. In GFR
between 20-50, administer normal dose at 12 hourly
intervals. In GFR 10-20, give 50% of dose at 12 hourly
intervals. In GFR <10, give 50% dose 24 hourly. In HD
and PD, administer asin GFR <10. In CRRT, administer
normal dose 12 th to 8" hourly depending on the severity
of infection.

Macrolide antibiotics

These antibiotics have amacrocyclic lactone ring with
attached sugars. Erythromycin is the first member,
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Clarithromycin, Roxithromycin and Azithromycin are the
new additions.

Erythromycin

Erythromycinis905protein bound and is metabolized
principally by demethylation in the liver and excreted in
thebile. Around 12-15% is excreted in the active form in
the urine.Regular dosage is 10-15 mg/kg/dose 6™ hourly.
No dose adjustment needed above GFR of 10.
In GFR<10, HD and PD, administer 50-75% of normal
dose 6 hourly. No dose change in CRRT. Despite being
predominantly hepatically metabolized,ototoxicity has
been seen in patients with severe renal impairment and
caution iswarranted. Erythromycin may markedly elevate
levels of other medications with hepatic metabolism by
inhibiting CY P3A4.

Clarithromycin

Clarithromycin is 80% protein bound and undergoes
first-pass metabolism to form a microbiologically active
metabolite (14-hyroxyclarithromycin). Approximately 33%
of clarithromycin and 11% of the active metabolite is
excreted unchanged in the urine. The usual dose
is 7.5-15 mg/kg/dose 12 hourly.No dose modification till
GFR of 30.Below 30, administer 50% dose 12 hourly.
No dose adjustment needed in HD, PD or CRRT

Azithromycin

Azithromycin has along t1/2 and is largely excreted
unchanged in the bile. Urinary excretion is around 10%.
Normal dosage is 10-15 mg/kg/dose on day 1, then
7.5mg/ kg/dose g 24 h on day 2-5 PO.No dose adjustment
needed at any GFR or in any form of dialysis.

Points to Remember

e No dose modification is required with GFR
> 30mL/min, whilewith lower GFRs, dose alteration
or spacing out of doses is recommended.
Modifications depend on the individual antibiotic.

Beta-lactam antibiotics are hydrophilic molecules
and most beta-lactams are eliminated primarily
through the kidneys.

For macrolides like erythromycin or azithromycin
which are predominantly excreted in the bile, there
isno dosage change in renal impairment.
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CLIPPINGS

Pharmacokinetics and tolerability of intranasal or intravenous administration of nalbuphinein infants

Nalbuphine, an opioid analgesic agent, is often used to treat moderate to severe pain in children. It isused in
children aged over 1.5 years at a dose of 0.1-0.2 mg/kg (maximal 10 mg) intramuscularly, intravenously or
subcutaneously every 3-6 hours. Nalbuphine is also being frequently used in infants and neonates for good
analgesiaand alower ceiling effect on respiratory depression in comparison with other opioid analgesic agents
due to its unique pharmacological properties as a x-receptor antagonist/u-receptor agonist.

This prospective open-label study enrolled infants 1-3 months of age admitted to the emergency department,
receiving nalbuphine for procedural pain management. Patients were allocated either to a single nalbuphine
dose of 0.05 mg/kg intravenously or 0.1 mg/kg intranasally.......Neonatal Infant Pain Score was assessed during
nalbuphine administration and the following interventions: venous access, urinary catheterisation, lumbar
puncture.

Out of 52 study subjects receiving nalbuphine, 31 were eligible for analysis (11 intravenous,
20 intranasal).....Maximum serum concentration was observed 30 min after intranasal administration.
During intravenous and intranasal nalbuphine administration, mild to no pain was recorded in 71% and 67% of
study subjects, respectively.

Thisisthefirst study reporting clinical pharmacokinetics of intranasal nalbuphine in infants 1-3 months of age.
It suggests an intranasal bioavailability close to 50% and was well tolerated.

Pfiffner M, Gotta V, Pfister M, Vonbach P, Berger-OlahE .Pharmacokinetics and tolerability of intranasal
or intravenous administration of nalbuphine in infantsArchives of Disease in Childhood 2023; 108:56-61.
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RADIOLOGY

SIGNS IN CHEST X-RAY

* G Vijayalakshmi
** K P Kasi Visalakshi

Signs in chest X-ray, are described patterns in
radiol ogical imagesthat bring to mind aspecific condition
or diagnosis. These descriptions are usually a word or
phrase that either recounts or characterises athing that is
generally familiar. This makes it easy for the reader to
memorise and learn to recognize image patterns leading
to quick and easy diagnosis. Rarely it isin the name of the
person who first made the observation. In thisarticle some
common signs are discussed.

Sail sign: The thymusis an important organ in childhood
which assumes varying shapes. It is seen asabulgein the
upper mediastinum symmetrically on both sides or more
prominent on one side. Since it is avery soft organ it can

Fig.1. Sail Sign - Thymus
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insinuate into the minor fissure giving a sharp edged
triangular appearance on the right side. Thisis called the
sail sign (Fig.1).

Spinnaker sail sign: Thethymus shadow isflush with the
heart and both are referred together as the cardiothymic
shadow. When the thymusiis lifted away from the heart it
denotes pneumomediastinum. Thenit iscalled aspinnaker
sail sign (Fig.2).

Fig.2. Spinnaker sail sign -
Pneumomediastinum

The spinnaker sail (Fig.3) is the colourful triangular
sail seen billowing out inthewind, asthe yatch sailseasily
in the same direction as the wind. Sometimesthe signisa
subtle and isolated finding in a child with dyspneawithout
the presence of more obvious subcutaneous emphysema.
In such a situation appreciation of this sign is useful to
make the diagnosis of pneumomediastinum.

Continuous diaphragm sign: Just as the thymus merges
with the heart shadow, so also the inferior border of the
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Fig.3. Spinnaker Sail

Fig.4. Continuous diaphragm sign -
Pneumomediastinum

heart is merged with the diaphragm. The entire outline of
the diaphragm is not normally seen. In case of
pneumomediastinum, air insinuatesin between and outlines
theinferior border of the heart separate from the diaphragm.
Thisis called the continuous diaphragm sign (Fig.4).

Air bronchogram sign: When the alveoli are opacified
becausethey arefilled with exudate or transudate air within
the airways is called the air bronchogram sign, one of the
first signs described in radiology (Fig.5). It should be
remembered that the air bronchogram is also seen in
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Fig.5. Air bronchogram - Seen within the
white consolidation

atelectasis where black air in the airways are outlined
against white airless lung.

Silhouette sign: Obliteration of outlines made by air as
seen previously is known as the silhouette sign.
The silhouette sign is useful for localising the plane of
lesions. Theword means outlinein French, but asasign it
isused with the meaning of aloss of outline. Two adjacent
shadows will merge with each other if they liein the same
plane. Thiscan be seenin Fig.6 where the shadow of middle
lobe pneumonia obscures the right heart border.

Fig.6. Silhouette sign-Middle lobe pneumonia
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Fig.7.Silhouette sign- Not silhouetted because
not in same plane

In Fig.7 the right heart border is seen to the right of
the midline and there is another rounded shadow outer to
the right heart border. Both outlines are seen, so the round
mass shadow is clearly not in the same plane asthat of the
heart. ieit isnot in the middle mediastinum. We infer that
themassiseither in the anterior or posterior mediastinum.
Thisis athoracic neuroblastoma.

Fig.8. Silhouette sign- Left upper lobe and
heart have lost their separate outlines
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Likewise, the left upper lobe consolidation in Fig.8
has obscured the superior part of theleft border of the heart.

Triangular sign: Fig.9 shows a triangular dense shadow
internal to the left heart border. Thisisaclassical sign of a
collapsed left lower lobe. Collapse of the right lower lobe
produces a similar picture on the right.

Fig.9.Triangular sign-Left lower lobe collapse

Bulging paraspinal stripe: the paraspina line is the
outlining of the paraspinal tissue by the air in the lung.
A lateral displacement of this line indicates a paraspinal
abscess or aparaspinal masslike athoracic neuroblastoma
(Fig.10). Routine chest X-rays have sometimes picked up
serious pathology with the help of this sign.

Fig.10. Bulging para spinal stripe - Note
normal paraspinal line on right
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Fig.11. Hazy hemithorax - Little fluid in
supine film

M eniscussign: Little pleural fluid bluntsthe costo-phrenic
angle in an erect chest film. In the supine film the fluid
forms a thin film layering posteriorly causing a hazy
hemithorax (Fig.11).

Moderate fluid accumulation inthe erect chest X-ray
assumes an upward concave margin that rises up towards
the lateral chest. This is the meniscus sign (Fig.12).
Massive fluid causes an opaque hemithorax.

Fig.12. Meniscus sign - Pleural fluid in erect
film

Deep sulcus sign: In a supine film pleural air collectsin
the non-dependent portions of the lung, anteriorly and
basally. The air which has collected laterally deepens the
lateral costophrenic angle producing the deep sulcus sign
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Fig.13. Deep sulcus sign - Pneumothorax in
supine film

(Fig.13). Thisis especialy useful in the neonate or in the
critically ill patient as it is often difficult to identify
pneumothorax in the supine position. The pitfal in this
sign is hyperinflated chest in arotated film.

Fig.14. White line of pleura - Pneumothorax
in erect film
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Visceral pleural whitelinesign: Air inthe pleural cavity
separates the visceral and parietal pleura and outlines the
visceral pleura that is seen as a white line in an upright
film (Fig.14). Lateral to that there is air, without any
bronchovascular markings, which is the hallmark of
pneumothorax.

Fig.15. Honeycomb lung - Destroyed lung
parenchyma

Honeycomb lung: Fig.15 shows the left lung that is
replaced by multiple small round cystic spaces. There is
no normal parenchyma on that side, but only the dilated
air filled airways. This is the end stage of chronic
inflammation and fibrosis.

Fig.16. Snowstorm appearance - Miliary TB
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Snowstorm appearance: In Fig.16 both lungs show
multiple uniformly small nodular shadows likened to a
snowstorm. This is a picture of miliary tuberculosis.
The nodul es represent tubercul ous granulomas arising out
of a sudden shower of bacilli distributed widely due to
hematogenous spread. Thissign isalso used in metastases
due to thyroid carcinoma.

Open mouth of ahippo: The hilum of thelung (Fig.17) is
likened to the open mouth of a hippopotamus (Fig.18),
the upper jaw being the upper branch of the pulmonary
artery and the lower jaw being the descending branch of
the pulmonary artery with lucent lung in between. In case
of ahilar node this appearanceislost and around shadow
of the node is seen in the mouth of the hippo (Fig.19).

Fig.17. Open mouth of hippo appearance-
Normal hilum

Fig.18. Open mouth of hippo
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Fig.19. Hilar node

Scimitar sign: The descending pulmonary artery branch
(Fig.17) tapers peripherally as it courses downwards
parallel to the right heart border. In Fig.20 there is a
different curvilinear shadow in the paracardiac region
extending downwards to the diaphragm. It does not taper.
Thisiscaled scimitar sign. The scimitar isasword with a
curved blade. It indicates partial anomalous pulmonary
venous drainage into the systemic venous system.
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Fig.20. Scimitar sign - Partial anomalous
pulmonary venous drainage

Theanomalousinferior pulmonary vein travels posteriorly
and inferiorly to empty into the IVC.

Signs are atrick used by the human mind to improve
memory. Let us use them and become familiar with the
various conditions and their appearance.

CLIPPINGS

Utility of genetic testing in children with leukodystrophy

Leukodystrophies are monogenic disorders primarily affecting the white matter. The researchers aimed to
evaluate the utility of genetic testing and time-to-diagnosisin aretrospective cohort of children with suspected
leukodystrophy. 67 patients were included ( F:M - 35:32). Time from symptom onset to a confirmed genetic
diagnosis was 15months. Pathogenic variants were identified in 60/67 (89.6%) patients, classic |eukodystrophy
(55/67, 82.1%), leukodystrophy mimics (5/67, 7.5%). Seven patients (10.4%) remained undiagnosed. Exome
sequencing showed the highest diagnostic yield (82.9%), followed by single-gene sequencing (54%), targeted
panels (33.3%) and chromosomal microarray (8%). Familial pathogenic variant testing confirmed the diagnosis
in 7 patients. They concluded that next generation sequencing carries the highest diagnostic yield in children
with suspected leukodystrophy. Access to advanced sequencing technologies accelerates diagnosis, which is
crucial astargeted treatments become available.

ZeremA, Libzon S, Ben Sira L, Meirson H, Hausman-Kedem M, Haviv N et al  Utility of genetic testing in
children with leukodystrophy. Eur J Paediatr Neurol. 2023 Jul;45:29-35. doi: 10.1016/j.€jpn.2023.05.008.
Epub 2023 May 27. PMID: 37267771.
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CASE REPORT

COATOMER ASSOCIATED PROTEIN
COMPLEX SUB UNIT ALPHA GENE
SYNDROME PRESENTING AS
INTERSTITIAL LUNG DISEASE IN AN
INFANT

* Kalpana S

** Dharmaprakash A

** Rajarajan AC

*** Saranya Manivannan

Abstract: Childhood interstitial lung disease encompasses
a heterogeneous group of innate, genetic, infectious and
inflammatory diseases, quite different from that seen in
adulthood. Although histopathol ogical evidence alongwith
clinical assessment and radiology have helped in making
specific diagnoses, wider availability of genetic studies
has made noninvasive diagnosis a possibility in these
children. Coatomer associated protein complex subunit
alpha genesyndromeisarare genetic autoimmunedisorder
where new evidence is emerging as a cause of interstitial
lung disease in young children.

Keywords: COPA syndrome, Interstitial lung disease,
Infant.

Childhoodinterstitial lung diseases (ILD) areagroup
of heterogenous chronic lung disorders associated with high
morbidity and mortality. Typical features include
tachypnea, dyspnea, diffuse pulmonary infiltratesin chest
X-ray or computed tomography with evidence of a
restrictive ventilatory defect (in older children) in
pulmonary function test and impaired gas exchange.
Pulmonary interstitial glycogenosis, neuroendocrine cell
hyperplasia of infancy and genetic disorders of surfactant
metabolism are the predominant causes of infantile ILD.
Here we report arare etiology of infantile ILD caused by
the coatomer associated protein complex sub unit apha
(COPA) syndrome.
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Case Report

A 7 month old female child 2™ born to 3rd degree
consanguineous parents presented with breathing difficulty
and failure to gain weight noticed by the mother since
4 months of age. Therewas no history of significant cough,
fever or cyanosis. The child also had feeding difficulty in
the form of suck - long rest cycle along with forehead
sweating during feeding. Child had been taken to several
hospitals and was treated with multiple courses of oral
antibiotics and bronchodilators; however, the breathing
difficulty persisted. The antenatal and natal period were
uneventful with abirthweight of 2.5kg. Thefamily history
was negative for any premature death or chronic lung
disease, nor were there any significant environmental
exposures. She had been exclusively breastfed till the age
of six months and was immunized appropriately for age.

On examination, the child was alert, playful but
tachypneic with a respiratory rate of 66/ minute with
minimal chest retractions and oxygen saturation of 90 to
92% in al limbs which improved to 100% with oxygen
administration (1 to 2 L). There was no pallor, cyanosis,
clubbing, or dependent edema. BCG scar was present.
There were bilateral fine crepitations heard al over the
chest. There was baseline tachycardia with a heart rate of
160/ min and no audible murmur. The rest of the vitals
were stable. The child’sweight for age. length for age, and
weight for length were less than 3SD. X ray chest showed
bilateral diffuseinfiltrates with normal cardiac silhouette.
Baseline investigations and echocardiogram were normal .
Hemoglobin was 12gm%.

A provisional diagnosis of childhood interstitial lung
disease[chlLD] wasmadein view of the prolonged clinical
course, tachypnea, and hypoxia improving with oxygen
and diffuse lung infiltrates. High resolution computerized
tomography revealed bilateral ground glass opacitieswhich
was suggestive of interstitial lung disease (ILD).
Further work up was done including immunoglobulin
profile, nitro blue tetrazolium (NBT) test and screening
for tubercul osis which were negative.

Clinical exome sequencing was done for elucidation
of etiology of ILD which showed heterozygous mutation
in the COPA gene exon 7 with autosomal dominant
inheritance.
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Discussion

COPA syndrome is named because of the mutated
gene, which encodes the apha subunit of the coatomer
complex-1 (coatomer protein complex subunit apha), that
is responsible for retrograde movement of vesicles from
the Golgi apparatus to endoplasmic reticulum.
COPA syndrome is autosomal dominant with variable
expressivity and resultsfrom mutations affecting anarrow
amino acid stretch in the COPA gene-encoding COPo
protein.

It isadisease characterized by immune dysregulation
with autoinflammation and autoimmunity. This affects
multiple systemsincluding lungs, kidneys and joints, and
usually appears in childhood. The COPA syndrome is a
distinctive clinical phenotype including pulmonary
haemorrhage / interstitial lung disease, renal disease and
arthritis. Pulmonary disease is universally present in
children affected by COPA syndrome with atleast some
manifestations before age of five years. Chest X-rays are
frequently notable for the presence of diffuse alveolar
opacities. CT scans of the chest exhibit a unique pattern
marked by diffuse ground glass opacities with septal
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thickening and cyst formation. Although the index case
did not manifest the typical CT picture (Fig.1), it may be
an evolving stage in the disease and on further follow up
these changesmay be observed. The age of onset of arthritis
and renal disease is usuadly in the late teens.

With referenceto the reports earlier, Grijalba CQ, et a
have reported a similar presentation of COPA syndrome
with complaints from 2 months of age.? Among the first
five families in which this mutation was first elucidated
the average age of presentation was 3.5 yearswith arange
of 6 monthsto 22 years.® To our knowledge, thisisthefirst
case of COPA syndrome to be reported from India
presenting as interstitial lung disease in an infant.

COPA is classified as both disorder of both
autoimmunity and autoinflammation, where children may
manifest various autoimmune manifestation affecting the
hematological and other systems. Auto antibodies such as
anti nuclear antibody, anti neutrophil cytoplasmic
antibodies, anti citrullinated peptide testing, rheumatoid
factor (ANA, ANCA, anti-CCP, RF) in this child were
negative. ESR was 30 mmin 1 hour and C reactive protein
was negative.*

Fig.1. HRCT chest showing bilateral diffuse ground glass opacities of the lung

127



Indian Journal of Practical Pediatrics

Till date, treatment regimens with corticosteroids,
immunosuppressant and biological agents have been tried
to treat COPA. Since this child did not manifest 2.
autoimmunity, the child was managed with home oxygen
along with tablet azithromycin and hydroxychloroquine
added as possibleimmuno modulators. Currently, the child
is on home oxygen and asymptomatic with good weight
gain.
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CLIPPINGS

FDA Approves RSV Monoclonal Antibody for | nfants and Young Children

The authors assigned infants who had been born at a gestational age of at least 35 weeks to receive a single
intramuscular injection of nirsevimab or placebo before the start of an RSV season. The primary efficacy end
point was medically attended RSV-associated | ower respiratory tract infection through 150 days after theinjection.

Medically attended RSV-associated lower respiratory tract infection occurred in 12 infants (1.2%) in the
nirsevimab group and in 25 infants (5.0%) in the placebo group; these findings correspond to an efficacy of
74.5% (95% confidenceinterval [Cl], 49.6 to 87.1; P<0.001) for nirsevimab. Hospitalization for RSV-associated
lower respiratory tract infection occurred in 6 infants (0.6%) in the nirsevimab group and in 8 infants (1.6%) in
the placebo group (efficacy, 62.1%; 95% Cl, “8.6 to 86.8; P=0.07).

For term and preterm infants, who would not be eligible for vaccination, the single-dose monoclonal antibody
nirsevimab might be an option for preventing illness and hospitalization due to RSV infection, according to
updated findings from ancther phase 3 trial.

Hammitt LL, Dagan R, Yuan Y, CotsMB., Bosheva M, Madhi SA,et al. Nirsevimab for Prevention of RSV in
Healthy Late-Preterm and Term Infants. N Engl J Med 2022; 386:837-846.

First Ever Malaria Vaccineto Be Distributed in Africa

Eighteen million doses of the first malaria vaccine to become available will be alocated over 2 years across
12 African countries, including Benin, Democratic Republic of the Congo, and Uganda, the World Health
Organization (WHO) recently HY PERLINK * https://www.who.int/news/item/05-07-2023-18-million-doses-of -
first-ever-malaria-vaccine-allocated-to- 12-afri can-countries-for-2023- 2025-gavi-who-and-unicef” announced.
In addition, parts of Ghana, Kenya and Malawi will continue receiving doses of the vaccine, known as RTS,S
AS01, which protects against Plasmodium fal ciparum mal aria, after participating in apilot program that illustrated
the vaccine's safety and efficacy.

Doseswill arrivein Africaasearly asthe end of 2023, according to the WHO, which collaborated with Gavi, the
VaccineAlliance; the United Nations Children’s Fund (UNICEF); and other partnersto makethevaccine available.
Thevaccinewill then bedistributed HY PERLINK * https://cdn.who.int/media/docs/default-source/immuni zation/
mvip/first_ malaria vaccine allocation_explained_may2023.pdf ?sfvrsn=248c4624 4" according to the rate of
disease transmission and child mortality, among other factors.

Harris E. First Ever Malaria Vaccine to Be Distributed in Africa. JAMA. 2023 Jul 19. doi: 10.1001/
jama.2023.12549. Epub ahead of print. PMID: 37467002.
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CASE VIGNETTE

INFANT WITH RECURRENT INFECTIONS

* Janani Sankar

** Rajarajeshwari

*#* Niranjan Gurunath Hegde
***+* Meena Sivasankaran

A three month old female infant, second born to
second-degree consanguineous parents with uneventful
neonatal period was brought for complaints of cough,
difficulty in breathing and refusal of feeds. She was on
exclusive breastfeeds. Examination reveal ed awell-thriving
infant with no BCG scar, extensive papular skinlesionsall
over the body without any significant lymphadenopathy
or organomegaly. She was tachypneic and hypoxic.
A clinical diagnosis of bronchiolitis and infantile scabies
was made and was treated symptomatically and the child
improved.

She was admitted after one month for fast breathing
and high grade fever of five days duration. During this
admission, complete blood counts showed Hb-11 g/dL,
total white blood cell counts- 11600 cells'mm?, neutrophil
of 83% and lymphocyte of 9%, and platelets- 5 lakhs/mm?.
Chest X-ray done showed right middl e lobe consolidation.
Another striking feature noted in the chest X-ray was the
absence of thymic shadow.

In view of recurrent respiratory infections within a
short span and infantile scabies along with lymphopenia
and absent thymic shadow the possibility of inborn errors
of immunity was considered and workup was donefor the
same. Serum immunoglobulin levels showed
immunoglobulin G of 634 mg/dL, Immunoglobulin A of
22mg/dL and Immunoglobulin M of 98mg/dL which were
normal for the age. Flow cytometry showed reduced T and
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B lymphocyte counts (T cell-65/uL, CD4 — 61/uL, CD8 -
2/uL, B cell- 70/uL, natural killer cell- 310/uL) suggestive
of T-B-NK+ severe combined immunodeficiency(SCID).
Whol e exome sequencing detected homozygous mutation
for RAG 1 gene. A final diagnosisof SCID (RAG 1+) was
made and she underwent hapl oi dentical hematopoietic stem
cell transplantation (HSCT) at 6 months of age and doing
well.

Inborn error of immunity inyoung infantsis suspected
when thereisaseriousinfection with an unusual pathogen,
infection in multiple anatomic locations(extensive
distribution of scabiesinthe upper torso aboveroot of neck
in an infant and al so absence of lymphadenopathy should
raise suspicion for immunodeficiency), increasing
frequency and severity of infections with increasing age,
recurrent sino-pulmonary infections and positive family
history.t

SCID is a serious disease which needs immediate
attention. A high degree of clinical suspicion is essential
for early diagnosis. Absent thymic shadow, persistent
lymphopenia(<1500/uL), T lymphocyte count of <300/uL
and hypogammaglobulinemiaare pointersto thediagnosis.?
Initial management includes isolation, immunoglobulin
replacement, anti-microbial prophylaxis and avoidance of
live virus vaccines. HSCT has excellent overall survival
with reconstitution of T cell and B cell immunity.
Early diagnosis through newborn screening will improve
the survival rate.
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LEARNING TOGETHER

ARTERIAL BLOOD GAS ANALYSIS
MIXED DISTURBANCE

* Annamalai Vijayaraghavan
** Thangavelu S

Questions
1. Basicsof ABG

L ook at thisABG strip and answer the following questions

a) INABG analysis, which parametersaredirectly measured
and which are derived?

b) What are the important data to be collected and
documented in the ABG strip when taking the arterial
sample for blood gases?
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c) If one is planning for sampling at the radial artery,
Allen test should be performed before pricking the radial
artery. Describe the modified Allen’s test

d) What is the inference one gets from the ABG data?
2.3) Interpret the data using the 6 steps

b)How to make out whether it is simple or mixed
disturbance?

3.Aeightyearsoldgirl isbrought with history of polyuria,
polydipsia of 2 weeks duration. On examination, child is
dehydrated, comatose with deep and rapid breathing.

Sodium 136 mEqg/L, Chloride 99 mEg/L,
HCO3 12 mEgL, CBG 600 mg, Ketonuriapresent. Anion
gap is 136 — (99+12) = 25

pH 712
BE -15
PCO, 16mm/Hg

HCO3 12 mmol/ L
PO, 90mm/Hg. SaO, 95%

2

Interpret the data using the 6 steps
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4. Afiveyearsold child brought in cardiac arrest following
fever and respiratory distress of 4 days duration.

Arterial blood gas report.

pH 6.86
HCO3 12.7mEq/L
BE -183

Paco, 75 mm/Hg
Pao, 38.6 mm/Hg
Se0, 75%

Anion gap 20

Interpret the data using the 6 steps

2023; 25(2):241
5.What are simple or mixed disturbances? Quote examples.
6. When will you suspect mixed disturbances?

7. What are the types of mixed disturbances?

8. When should one apply delta ratio or delta gap, how
will you interpret using

a) deltadeltaratio and b) delta delta gap?
9. Interpret the following

a) pH-6.99 pCO, -34 mm Hg, HCO3-8 mEQ/L Aniongap
is28

b) pH-7.30 PCO,-40 mm Hg HCO3-16 mEg/L Anion gap
is29

Answers

1.a) Parameters that are directly measured are :
pH, PaCO, and PaO, - these three values are directly
measured and other datalike bicarbonate, arterial or venous
oxygen saturation are cal culated by Henderson-Hassel balch
equation.

1.b) Documentation of FiO,& SaO,: Whenever ABG
analysis is done there should be a documentation of
FiO, (Fraction of inspired oxygen concentration) and SpO,
(oxygen saturation by pulse oximeter or peripheral oxygen
saturation) to determine whether it is a venous or arterial
sample.

If sample O, saturation is 70% and the recorded SpO,
(oxygen saturation by pulse oximeter or peripheral oxygen
saturation) is 97%, one should presume the source is a
venous example. If the reverse situation is observed i.e
lower SpO, and norma SaO, (oxygen saturation from
arterial blood source) indicatesthe presence of an abnormal
hemoglobin such asmethemoglobin. Apart from these data,
general information such as name, In patient (1P) number,
time, date and hemoglobin level needs to be documented.

1.c) Modified Allen test,

This test attempt to measure arterial competency, and
should be performed before taking an arterial sample.

e Patient isinstructed to clench hisfist; inayoung child,
medical or para medical personnel should close the
person’s hand tightly, so that the palm and finger tips
are completely blanched.
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e Then the paramedic should use his fingers, to apply
occlusive pressureto both the ulnar and radial arteries,

to obstruct blood flow to the hand.

While applying occlusive pressure to both arteries,
patient should berequested to relax hishand, and check
whether the palm and fingers have blanched. If thisis
not the case, it indicates that the arteries are not
completely occluded and occlusive pressure should
be reapplied using the fingers.

Next step is to release the occlusive pressure on the
ulnar artery only, continuing the compression over
radial artery, to determinewhether the modified Allen
test is positive or negative.

Positivemodified Allentest - If the hand flusheswithin
5-15 secondsit indicatesthat the ulnar artery hasgood
blood flow to maintain the blood supply to hand; this
normal flushing of the hand is considered to be a
positive test. One can proceed with the test, as
inadvertent block of the radial artery will not affect
the hand.

Negative modified Allen test - If the hand does not
flush within 5-15 seconds, it indicatesthat ulnar artery
circulation is inadequate or non-existent; in this
situation, the radial artery supplying arterial blood to
that hand should not be punctured

1.d) Objectivesof ABG measurement: Theinferencewe
get from the ABG data is to assess the i) acid base status
and ii) oxygenation status.
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2. a) Interpretation of the data using the 6 steps

Sep 1. Isthe pH in the normal range? - pH is 7.268 which is below the normal range (Normal 7.35-7.45) and
denotes acidosis

Step 2. Is it respiratory or metabolic? In acidosis we expect low HCO3 or high PCO2. Observed HCO3 is
10.7 mmols (Normal 22-26) - probable metabolic acidosis, however PCO2 is also low (23.9 mm/Hg), not high to
consider respiratory acidosis.

Sep 3. Ismetabolic acidosis compensated? |f compensated, isit appropriate? Apply Winter's formula, to derive
the expected PCO2 - 1.5 x HCO3 +8 (+/- 2). 10.7x1.5 +8 =24.05mm (22mm to 26mm) is the expected PCO2.
The measured PCO2 is 23.9 mms which denotes an appropriate compensation.

Sep 4. Isit asimple metabolic acidosisor a mixed disturbance? Impression is compensated metabolic acidosis.
Sep 5 & 6: Asitisavenous blood sample, saturation and PaO2 are not taken into account.

Note: Previously compensation is expressed in different stages - Uncompensated, partially compensated and fully
compensated. Currently, interpretation is expressed as simple or mixed acid base disturbance, instead of the stages of
compensation. One should also express as normal anion gap (AG) or high anion gap acidosis, if electrolyteresults are
also available. The answer - it isasimple acid base disturbance - metabolic acidosis.

2.b) To make out whether simple or mixed distur bance.

HCO3 level Expected PCO2 as per Winter’sformula Inference

10.7 mmols 22-26 mm/Hg Appropriate.
Simple metabolic acidosis

21 mm/Hg or < 21 mm/Hg Overcompensated.
Metabolic acidosis with respiratory alkalosis

27 mm/Hg or > 27 mm/Hg Undercompensated.
Metabolic acidosis with respiratory acidosis

Similar calculations can be done for all other simple disturbances, metabolic alkalosis, respiratory acidosis or respiratory
alkalosis by applying the rules of compensation for each condition.

3. A eight yearsold girl isbrought with history of polyuria, polydipsia of 2 weeks duration. I nterpretation of the
data using the 6 steps.

Sep 1. IsthepH in the normal range? pH is7.12 below the normal range (Normal 7.35-7.45) denoting acidosis

Sep 2. Isit respiratory or metabolic?. Here HCO3 is 12 mmols (Normal 22-26) hence metabolic acidosis. PCO2 is
low (not high to consider respiratory acidosis)

Sep 3. I's metabolic acidosis compensated? |f compensated, is it appropriate? Winter’'s formula is applied, to
know the expected PCO2. PCO2 = 1.5 x HCO3 +8 (+/- 2). Here HCO3 is 12 mmoal/L. PCO2 = 1.5X12 +8 =26 +/- 2.
Hence 24 to 28 mm/Hg will be the expected PCO2. Here the measured PCO2 is 16 mms, which is higher fall than
expected value. Hence, it is partially compensated or metabolic acidosis with respiratory alkalosis

Sep 4. Isit a simple metabolic acidosis or a mixed disturbance? Impression is mixed disturbance (Partially
compensated metabolic acidosis or metabolic acidosis with respiratory alkalosis)

Sep 5 & 6: Sa02 is95% and PaO2 is 90 mm/Hg, hence no hypoxia. As glucose (CBG) 600 mg ketonuria present and
anion gap is 25 fina diagnosis is diabetic keto acidosis with high anion gap metabolic acidosis with respiratory
alkalosis with no hypoxia

132



Indian Journal of Practical Pediatrics

2023; 25(2):243

4. A fiveyear old child brought in cardiac arrest. Interpretation of the data using the following steps

metabolic acidosis

deltaratio and delta gap (Refer to Answer 8)

Sep 1. Isthe pH in the normal range? pH is 6.86 hence denotes acidosis
Sep 2. . Isit respiratory or metabolic?. Here HCO3 is 12.7 suggestive of metabolic acidosis

Sep 3. Is metabolic acidosis compensated? No, here expected PCO2 for the given HCO3 is 12.7.X1.5+8+/-2 =
27+/-2. Expected PCO2 is 27 (25mm -29 mm). Actual PCO2 is 75 mms which is higher.

Sep 4. Isit asmple metabolic acidosisor a mixed distur bance? It isamixed disturbance - mixed respiratory and

Sep 5& 6. Hypoxia, both Sa02 and paO2 arelow.Final impression: High anion gap metabolic acidosisand respiratory
acidosis with hypoxia Note: In the presence of metabolic acidosis, if anion gap is high the next step isto calculate

5. Smple and mixed disorders

A simple acid-base disorder includes the following four
disorders - metabolic acidosis, metabolic alkalosis,
respiratory acidosis and respiratory alkalosis and the
appropriate degree of compensation for that disturbance.

Mixed acid-base disorder means there is simultaneous
presence of more than one acid-base disturbance whichis
suspected from the a) patient’s history, b) from alesser or
greater than the expected compensatory response and
c¢) from analysis of the delta anion gap and delta HCOS.
e.g. metabolic acidosiswith respiratory acidosis, metabolic
acidosiswithrespiratory alkalosis, respiratory acidosiswith
metabolic alkalosis. In addition there are double metabolic
disturbances which are high anion gap and normal anion
gap metabolic acidosis. Based on the duration they are
categorized as acute or chronic.

6. Situations when one suspects mixed disturbance

i) When both HCO3 and PCO, independently account for
the change of pH or both move in opposite direction.
e.g. pH-7.0 HCO3 -15mEg/L PCO, - 50 mm Hg.

Both variables (PCO, and HCO3) claim responsibility for
acidosis. In general during compensation both the variables
movein samedirection, herethey movein opposite, HCO3
fallsand PCO, rises.

ii) A truly normal pH with distinctly abnormal HCO3 and
PaCO,.

e.g. pH 7.40, PaCO, 20 mm Hg, HCO3- 12mEqg/L

In simple disturbances with appropriate compensation, pH
will bejust closeto the lower range of normal pHi.e. 7.34
or 7.33. Natural compensation never crosses the midline,
so pH will never beinthenormal range. Here aparadoxical
situation is observed. Distinctly normal pH but, both
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(HCQO3 and PCO,) are clearly abnormal. This raises the
suspicion of mixed disturbance.

iif) Under or over compensation, means that actual PCO,
or HCO3 are out of the range predicted by rule of
compensation.

Rules for compensation predict the HCO3 for a given
change in PaCO, or vice versa.

A substantially reduced or excessive (inappropriate)
compensation isindicative of a mixed acid-base disorder.

If the PaCO, or HCO3 is higher or lower than expected,
then there is mixed disturbance

e.g. pH 7.32, PaCO, 39 mmHg, HCO3 18 mEq/ L.

Expected PaCO, using Winter’s formula is (18x1.5) +
8 =35+ 2 = (33 to 37mm). Actua PCQ, is higher the
predicted range hence mixed disorder.

7. The types of mixed disturbances

i). Mixed disturbance with similar effects. e.g Double
acidemiai.e. Metabolic and respiratory acidosis.

Inadequate compensation leads to severe degree of
acidemiaor akaemia

Eg: Metabolic acidosis and respiratory acidosis
eg.pH7.0 HCO3 15mEg/L  PCO,50mm/Hg

ii). Mixed disturbance with opposite effects:
e.g. Metabolic acidosis with respiratory alkalosis.
Over compensation leads to this sort of disturbances.

pH may be low, normal or high

e.g. Metabolic acidosisand respiratory alkalosis (pH 6.98,
HCO3 6mEg/L, PCO, 7mm Hg). Applying Winter’'s
formula. For a given HCO3 of 6, expected PCO, is
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15-19 mms. Here it is out of range and is lower than
expected. Metabolic acidosis and respiratory alkalosis

iii). Double metabolic distur bances.

e.g. High anion gap metabolic acidosis (HAGMA) with
normal anion gap metabolic acidosis (NAGMA).

High anion gap metabolic acidosis (HAGMA) with
metabolic alkalosis.

Deltagap or deltaratioiscal culated and analyzed wherever
HAGMA isidentified, not routinely in all situations.

However both respiratory acidosisand respiratory alkalosis
can never occur together.

8. Itisapplied only when thereisHAGMA and not applied
in other disturbances which is calculated by a 3 step
process.

(i) Calculate the anion gap (AG) and delta AG, which is
the difference between measured and normal AG.

e.g.if measured AGis 18, and normal AG isconsidered as
12. The deltaAG gap is calculated as 18-12 = 6. In other
words, it is estimated that, how much it is higher than the
normal value.

(ii) Calculate the delta bicarbonate gap: e.g. if measured
HCO3 is 18 and the normal value is 24, the delta
bicarbonate gap is 24-18 is 6.

(iii) Estimate theratio or gap between deltaanion gap and
delta bicarbonate gap.

8. b) Delta deltagap:®
Here delta AG and delta bicarb gap are calculated as

8. a) Delta deltaratio:?
It isanalysed and interpreted in the following way.

e.g. in the above example delta AG is 6 and delta HCO3
gapis6therationis Deltaratio = (changein anion gap) /
(changein bicarbonate). Hereitis 1.
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Interpretation of delta delta gap

If D gap is negative (< -6) :Mixed (HAGMA +) and a
normal anion gap metabolic acidosis

If D gap-6to 6 : consider only aHAGMA

If D gap is positive (>6) : Mixed (HAGMA +) &
metabolic alkalosis

Interpretation of delta deltaratio

Less than 0.4 = pure normal anion gap acidosis.
0.4-0.8 = mixed high and normal anion gap acidosis.
0.8-2.0 = pure high anion gap acidosis.

Morethan 2.0 = high anion gap acidosisand apre-existing
metabolic alkalosis.
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mentioned above, ie both are 6. Now one should estimate
the gap, hereitis6-6-0

9.2) pH - 6.99 PCO, - 34 HCO3 - 8. Anion gap 28

Because of the presence of HAGMA delta-deltaratio has
to be calcul ated

Deltaanion gapis28-12 =16
Delta bicarbonate gap is24 - 8 = 16
Deltadeltaratio is 1.0. Hence it is pure HAGMA

When winter’s formula is applied, expected PCO, is
18 - 22. Actual PCO, is 34. Hence there is respiratory
acidosis

Final impression: HAGMA with respiratory acidosis
9.b) pHis7.30 PCO,-40 HCO3-16Aniongapis29
Deltaanion gapis29-12 =17

DeltaHCO3 is24-16=8

Because of the presence of HAGMA delta-deltaratio has
to be calcul ated

Deltadetaratiois 17/8= 2.1

High anion gap metabolic acidosis and a pre-existing
metabolic alkalosis.

Winter's formula: expected PCO, for HCO3 16 = 30-34.
Actual PCO, is 40. So associated respiratory acidosis.

Final Impression: High anion gap metabolic acidosis, with
metabolic alkalosis and respiratory acidosis.
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