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Impact of Climate Change on Child Health - A Cause for Concern!
UPENDRA KINJAWADEKAR

President, Indian Academy of Pediatrics, 2023
upen228@gmail.com

PPPPP RRRRR EEEEE SSSSS IIIII DDDDD EEEEE NNNNN TTTTT ’S ’S ’S ’S ’S  P P P P P AAAAA GGGGG EEEEE

The science is clear – we are in the middle of a
climate crisis, and if we do not act now, we will
be jeopardizing the lives of our future
generations. Climate change refers to the broad

phenomenon of the average weather in a particular
geography changing over time. As the concentration of
carbon dioxide and other greenhouse gasses increase in the
atmosphere, so does the amount of heat they trap, thus
leading to rising temperatures across the globe.  What’s
more, there is no one to blame for this phenomenon, except
ourselves. Since the industrial revolution, human progress
has grown together with technological and industrial
innovation, which often relied on environmental
exploitation with little regard to its consequences.
According to the Intergovernmental Panel on Climate
Change (IPCC), the earth’s surface temperature has
warmed by 0.75ºC  in a century before 1980 [1], and
temperatures have been rising twice as fast since then.
Increases of this magnitude are expected to have
widespread negative impacts on natural ecosystems, with
cascading consequences for human health and livelihoods.

Although all of us are at risk, vulnerability is deter-
mined by [2]; the degree of i) exposure (such as
geographies where floods and droughts are more common,
or occupations where exposure hazards are higher); ii)
ability to adapt, which is difficult for tribal or indigenous
populations that rely on natural elements for their
livelihoods, or impoverished communities that cannot
afford external control measures such as purifiers; and iii)
sensitivity, which is highest in children, pregnant women,
people with pre-existing health conditions such as asthma.
Children in low-income or developing countries are one of
the most vulnerable to the effects of climate change, falling
at the intersection of this tripartite segregation. In India
alone, about 51% of children are living under the dual
impacts of poverty and the climate emergency. The
environment can impact child health through direct and
indirect pathways, and have lasting impact through
unwanted epigenetic developments. The diseases likely to
be exacerbated by climate change are already leading
causes of child morbidity and mortality, including vector-
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borne, waterborne and airborne diseases. Greater ambient
heat also perpetuates adverse birth outcomes such as
preterm births and still births.World over, approximately 1
billion children are at an ‘extremely high risk’ of the
impacts of the climate crisis [2]. In fact, 88% of the global
burden of disease from climate change falls on children
under five, and an additional 5% of the burden falls on
children between five and 14 years of age.

Climate Crisis As Child Rights Crisis

Introducing the Children’s Climate Risk Index (CCRI) [1]
by UNICEF is the first child-focused climate risk index,
which ranks countries based on children’s exposure to
climate and environmental shocks, such as cyclones and
heatwaves, as well as their vulnerability to those shocks,
based on their access to essential services. India ranks 26th
on this index, better than South Asian neighbors of
Pakistan and Bangladesh, yet much worse compared to
Bhutan, Nepal and Sri Lanka. A disturbing example in
recent times is the finding that one in three children in
Delhi suffers from asthma or airflow obstruction com-
pared to 22.6% children in Karnataka’s Mysuru and
Kerala’s Kottayam. Delhi is infamous for its air pollution,
and its effects are being seen in the young, developing
lungs of the children living and growing in the city [3]. In
tribal and agrarian geographies, climate change is severely
impacting crop harvest and food production. South Asian
women usually eat last and eat the least in the family.
Indirectly, the environment is perpetrating an intergene-
rational cycle of undernutrition in girls and women, and
thus also in neonatal birth outcomes. South Asia has the
highest burden of preterm and SGA babies. Our efforts to
curb this cycle will be in vain if we do not account for the
larger changes in our environment.

Systematic effort is required at the individual,
community and political levels. At this year’s COP 27,
there was a global concurrence on the necessity of a ‘loss
and damage fund,’ which is a tremendous win for
developing countries. It is an acknowledgement of the fact
that the majority of greenhouse emissions came from the
developed countries over the 20th century, and the fund
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can be seen as reparations for post-colonial or vulnerable
nations that are now equally bearing the consequences.
Our honorable union minister, in his speech at the same
event, announced to the world that India has   embarked on
far-reaching new initiatives in renewable energy, e-
mobility, ethanol blended fuels, and green hydrogen as an
alternate energy source. These initiatives are truly
laudable. We also need to initiate independent research in
environmental health science, to wholly understand the
impact of climate change, and how it can be controlled.
Only then will advocacy for corrective policies be made
possible. With the advent of mass production and
consumerism in the last 50 years, per capita emissions
have been rising. As the hon. minister said in his speech,
we need a “paradigm shift from mindless and destructive
consumption to mindful and deliberate utilization.”
Traditionally, Indian culture has always been respectful
and grateful of nature’s bounties. If we look at our ‘kitchen
science,’ it has always incorporated root to shoot cooking
with minimal wastage. Similar wisdom exists across our
culture. As children, we were taught that when we borrow
something, we must return it in a better condition. Without
immediate action, the health of today’s children and future

generations is in great jeopardy. Our generation inherited
this earth from our ancestors, and each of us must feel
obligated to pass on a healthier, greener and cleaner planet
earth to our children and grandchildren.
Funding: None; Competing interests: None stated.
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The management of neonates born through
meconium-stained amniotic fluid (MSAF) has
undergone dramatic changes over the years due to
a better understanding of its pathophysiology and

some high-quality clinical trials. For example, in vigorous
neonates born through MSAF, routine endotracheal suction-
ing has been abandoned [1]. The trial by Chaudhary, et al. [2]
has tried to investigate another common practice of gastric
lavage in neonates born through MSAF. The primary
purpose of GL in neonates born through MSAF is to decrease
the incidence of gastritis and feeding intolerance caused by
meconium. Secondarily, it may prevent respiratory distress
related to aspiration of meconium due to vomiting.  There-
fore, all the previous trials had feeding intolerance as their
primary outcome.

Chaudhary, et al. [2] in their trial, focused on exclusive
breastfeeding (EBF) and early skin to skin (STS) contact as
the primary outcomes. Prevention of gastritis and feeding
intolerance may lead to increased rates of EBF as beneficial
effects, but the inadvertent delayed initiation of breast-
feeding due to the procedure of gastric lavage could also
decrease the rates of EBF.The authors reported comparable
rates of EBF at 72 hours (primary outcome) in the gastric
lavage and no gastric lavage groups, amongst 110 vigorous
(not requiring resuscitation beyond the initial steps) late
preterm and term neonates born through MSAF. There were
no differences in several secondary outcomes including the
incidence of respiratory distress, feeding intolerance, and
procedure-related complications between the two groups.
However, on univariate analysis, the initiation of STS contact
was significantly delayed, and the duration of STS contact
was significantly lower in gastric lavage group.The reported
results need to be interpreted in the context of the trial design,
the population studied and baseline differences between the
two groups. As per trial protocol, all vaginally delivered
neonates in gastric lavage group were initiated on STS after
the gastric lavage procedure was completed. It is a foregone
conclusion that the initiation of STS will be delayed, and its
duration will be lesser in the gastric lavage group.  However,
the statistical difference noted in the time of initiation and the

duration of STS contact did not impact any clinical
outcomes, specifically the EBF rates. It is to be noted that
only 18% of neonates in the gastric lavage group were
delivered vaginally as compared to 31% in the no gastric
lavage group. As per local practice, cesarean born neonates
did not undergo STS contact i.e., 82% of neonates in the
gastric lavage group and 69% in no gastric lavage group did
not undergo STS contact by virtue of being born by cesarean.
If one were to choose EBF rate of 55% from the NFHS data
as the baseline, to demonstrate a 25% relative reduction in
EBF rate, we would require enrolling 394 infants. The
investigators actually found EBF rates of 89% and 87% in
the two groups and the enrolled sample size was sufficient to
detect a 25% relative difference between the two groups. The
incidence of feeding intolerance and respiratory distress
requiring support were 1.8% and 9.1% in gastric lavage
group vs 5.4% and 14.5% in no gastric lavage group,
respectively. These differences were statistically not signi-
ficant, but obviously the power to detect a significant
difference was extremely low because of the very small
sample size. A systematic review of six clinical trials
including 1884 neonates, published in 2015, found a
significant reduction in the incidence of feeding intolerance
(RR 0.71, 95% CI 0.55-0.93) [3]. A subsequent systematic
review of 3668 neonates from nine  RCTs showed a similar
statistically significant reduction in the incidence of feeding
intolerance after gastric lavage (RR 0.70, 95% CI 0.58-0.85)
[4]. The incidence of feeding intolerance in the control group
in the systematic review was 11.8% as against 5.4% in the
current trial [4]. The incidence is affected by the variations in
definitions of feeding intolerance used across the studies.
The incidence of meconium aspiration syndrome was too
low in both the reviews to detect any significant difference.
The overall quality of evidence; however, was low.

The authors’ conclusion that routine gastric lavage
‘appears unwarranted’ in vigorous late preterm and term
neonates born through MSAF is not supported by the data.
The study; however, does raise a valid question about the
benefits and harms of doing gastric lavage in neonates born
through MSAF and indicates that the practice is based on
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weak evidence. Gastric lavage may decrease feeding
intolerance, need for intravenous fluids, and respiratory
distress but it may have adverse effects of desaturations,
bradycardia, delaying STS contact and breastfeeding. Only
an adequately powered large multi-site clinical trial can
provide a definitive answer.
Funding: None; Competing interests: None stated.
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Aggressive early enteral nutrition is important in
preterm low birth weight (LBW) infants to pre-
vent extra-uterine growth retardation (EUGR)
and to ensure better neurodevelopmental

outcome. Establishment of direct oral feeding is often
delayed in preterm neonate because of poor coordination of
sucking and swallowing, neurological immaturity and
respiratory distress. Gavage feeding via orogastric (OG) or
nasogastric (NG) tube is an often-used strategy in NICUs to
ensure adequate nutrition in preterm who have yet have not
developmentally achieved the neuromotor and feeding
mechanism maturity for a good swallow and breathe co-
ordination. As soon as they achieve this coordination by
approximately at 30-32 weeks, the cup or the katori spoon
feeding is initiated. By 34 weeks most of the babies can be
put onto breastfeeds. Even though, there is a rationale and a
consensus about the choice of modality of feeds in preterm,
there is lack of definitive evidence on superiority of one
method over the other when it comes to gavage feeding with
OG or NG [1]. Policy and practise varies widely between and
within neonatal care units.

With the limited literature on the physiological changes
in these modalities in human neonates, it is prudent to believe
that the OG may have an advantage of patency of nares in
neonates who are obligatory nose breathers. However, the
pharyngeal vagal stimulation may be a concern.On the other
hand, the health care providers find it easier to place and fix
the NG tube and perceive the lesser migration and displace-
ments. The daily and frequent use of this practice in the
neonatal practice makes it very important to systematically
investigate thisintervention.

Hence, when the researchers studied and compared these
intervention, they looked into the outcomes like physio-
logical compromise during the procedure, pain during the
procedure, duration of cry and other developmental
unsupportive experiences by the neonates. With regard to
sustenance of the tube in place, the outcomes like quantum of
displacements, time spent on the care of the tube, time to full
feeds and hospital stay days were investigated. The current
study also tried to look at these outcomes.

Rao, et al. [2] demonstrated mean frequency of tube
displacements were 0.55/day among NG tube feeding and 1/
day among orogastric tube feeding group, which was statisti-
cally significant, and there was no significant difference
between the groups in time to reach full feeds and duration of
hospital stay. On a closer look in the physiology, Upadhyay, et
al. [3] showed mean crSO2 (cerebral regional oxygen
saturation) during insertion was significantly lower with NG
compared to OG route. Mean PIPP-R score, heart rate
variability, time to normalize crSO2 and the duration of cry
were also significantly higher with NG insertion. However,
this was not consistent with study by Bohnhorst, et al. [4] who
suggested that route of placing the feeding tube had no
significant effect on the summed rate of bradycardia and
desaturation. The study could not confirm any advantage of
placing tube orally in the infants, the possible explanations
proposed were viz., the increase in nasal airway resistance by
the 5F nasogastric tube, inserted into the smaller nostrils, is
too small to have any effect on apnoea;any benefit of the oral
route is neutralized by the negative effects of an enhanced
vagal stimulation; the study duration was too short to detect
any finding [4]. Findings similar to these were reported by
Badran, et al. [5], where preterm infants who were fed via
bolus NG tube achieved full enteral feeding in a signi-ficantly
shorter duration compared with the infants fed via OG tube.
The incidence rates of aspiration and feeding tube displace-
ment were significantly higher in the bolus OG tube group.
There was no difference in the incidence rates of apnea, NEC,
bradycardia, oxygen desaturation and gastric residual in both
groups [5].

However, one gap exists in these studies is that even
though, this is a core developmental issue, none of the studies
systematically reported the outcomes based on the gesta-
tional age. Hence, uncertainty exists with the similar findings
in a spectrum of different gestation and growth categories. It
would have been good if the current study looked and
reported this.

As, discussed both the routes have their own benefits and
disadvantages that have being reported. The perception that
NG tubes may lead to partial nasal obstruction with increased
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airway resistance, work of breathing and central apnea [2],
was reported variably in different studies. It may be just
possible that once the infants are grown up these differences
may not be relevant. Hence, there was no significant
differences in resistance between the two groups, which
suggests that for these infants a history of NG tube feeding
had no adverse effect on subsequent respiratory function. In
spite of several advantages of OG tube, they are more
frequently mispositioned, can loop inside the mouth,
repetitive movement of tube may result in mucosal trauma
and may increase the incidence of apnea and bradycardia due
to vagal stimulation [7], and take more time to reach full
feeds in some of the studies [5]. Given the potential for the
route of enteral tube placement to affect important outcomes
for preterm or low birth weight infants and the uncertainty
that prevails, the researchers of the current study were very
appropriate in choosing this research question for their RCT.

The present study [8] comparedtwo feeding methods of
tube feeding with respect to adverse effects by evaluating the
frequency of bradycardia (<100 bpm)  and desaturation
(<85%) episodes/hr in hemodynamically stable preterm
neonates (<32 wk age) fed by NG vs OG tube placement.
Each episode of insertion of a NG tube or OG tube was
labelled as FTIE (Feeding Tube Insertion Episodes). FTIE
lasted from the time of insertion of tube till the time tube
needed to be changed. Reinsertion of the tube in same baby
was taken as fresh FTIE. A total of 160 FTIEs was evaluated
in this study. The episodes of bradycardia and desaturation/
hour in the NG tube group were significantly higher than OG
group. The mean duration of stay was similar in both the
groups, and even the tube displacements rate was similar, in
contrast to many other studies.The limitation of the study was
monitoring adverse effects (all apneic episodes are not
picked since only pulse oximetry was used), and rando-
mizing one baby multiple times. Pain scores and time taken
to reach fullfeed was not studied in the present study, a larger
study with more sample size and better methodology is
required to judge the superiority of one over the other. Also,
with regard to the methodology, as the displacement would
be depending on the NICU practice, a detail note of the nurse
– neonate ratio, the way the tube is fixed, the suction policy in
NICU, the adhesive used and the experience of the unit and
the training should have been elaborated by the authors.

Even though, the physiological disturbances during the
NG tube placement have been reported by some of the
studies and not reported by others including the current study,
unless a detailed behavioral assessment and a long tern
neuro-developmental evaluation is done and shown to be
same, every neonatologist would still have his concerns with
regard to the NG tube feeding. Also, the ways how the studies

assessed the physiological disturbance varied with regard to
parameters and their sensitivity being used e.g., just a change
in heart rate, apnea rates that have a variable event rate to use
of crSO2. Similarly, when we look at the OG tube advantage
of less displacement over the NG tube, this advantage again
has to be looked considering the Nurse – Neonate  ratio, the
way the tube is fixed, the suction policy in NICU, the
adhesive used, and the experience of the unit and the training.

Hence, a Neonatologist should interpret these studies
considering these facts in correct perspective. In a unit which
experiences minimal adversities with OG tube feeding, the
OG feeding can be continued, as this is more physiologically
adaptive to the neonate as determined by many studies. When
the adversities like displacement are more and effecting the
smooth feeding of the babies by OG feeds, in that case than,
the unit can revisit the nursing practices, fixing method of the
tube, suction protocols and the nurse patient ratio; compare
them with units who have minimal displacement or similar
displacement to the NG feeds, and try to modify the same. In
case, this is not feasible or possible, and the NG tube feeds
seem to be more acceptable, the unit may adapt the same.

Understanding the above, the question still is valid for
research with a better model where a sensitive and universal
test with developmental attributes is used to detect the
physiological instability during NG tube insertion and
feeding. Also, one needs to adapt and document a detailed
description of the practices followed with regard to OG tube
feeding before the two groups may be compared.
Funding: None; Competing interests: None stated.
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Autism Spectrum Disorders (ASD) are a group of
neurodevelopmental disorders characterised by
difficulties in social interactions, communi-
cation, and repetitive behaviours [1]. With the

global prevalence of autism on the rise, it is essential to
recognise the impact the disease has on the whole family,
including non-autistic siblings. While significant emphasis
has been paid to the diagnosis and assistance of autistic
people, the needs and experiences of their siblings are
sometimes disregarded [2]. In this editorial, we highlight the
necessity of considering non-autistic siblings’ quality of life
when diagnosing and assisting autistic individuals.

Several studies have found that non-autistic siblings of
autistic people face particular obstacles and emotions [2-5].
Childhood and adolescence can be especially difficult for
these siblings, as they may experience increased aggressive-
ness, anxiety, and stress, as well as lower perceived social
support [3-5]. Growing up in a home with an autistic sibling
can lead to emotions of being forgotten or receiving less
parental attention due to the autistic child’s demanding
requirements [6]. Furthermore, non-autistic siblings may
find it difficult to explain their autistic sibling’s invisible
condition to others, leading to feelings of isolation and diffi-
culties sharing their experiences within the family [7].

A recent cross-sectional study published in this issue of
the journal [8] aimed to assess the quality of life (QoL) of
non-autistic siblings (aged 10-18 years) of children with
ASD compared to age- and sex-matched healthy children
who had typically developing younger siblings. The study,
which included 40 siblings per group, employed a validated
tool to assess QoL in various domains, including physical,
psychological, social, and environmental. The results of the
study revealed that the QoL of non-autistic siblings of child-
ren with ASD was significantly lower than that of siblings of
typically developing children in each domain [8]. Among the
non-autistic siblings of children with ASD, the severity of the
sibling’s ASD and the family’s socioeconomic status were

the only two factors significantly affecting one of the
domains of QoL [8]. These findings align with previous
studies conducted in various countries over the past 20 years,
which also reported lower QoL in non-autistic siblings of
children with ASD [2,6,7].

Despite these hurdles, non-autistic siblings frequently
express genuine concern for the well-being and social
inclusion of their autistic brothers and sisters [6]. Further-
more, they may be concerned about future responsibilities,
such as taking on caregiving tasks after their parents are no
longer able to support them [6]. According to research, while
the link between siblings may fluctuate throughout time, it
often remains steady in adulthood [9]. However, as compared
to siblings of persons with other impairments, adult non-
autistic siblings may have a drop in positive attitudes
regarding their relationship with their autistic siblings,
potentially leading to depressive and anxious symptoms [5].

Assessing the QoL of non-autistic siblings is crucial for
understanding all the implications of having an autistic
brother or sister [2]. However, studies in this area have been
limited by a lack of consistency in evaluation methods and
different tools used for QoL assessment, so it is highly
recommended to develop standardized and age-specific QoL
assessment tools that can capture the unique experiences of
non-autistic siblings across different age groups [9].

There is also an urgent need to strengthen research and
support services for non-autistic siblings of individuals with
ASD [8]. Recognizing these siblings’ challenges and con-
cerns can help healthcare professionals and families give
focused treatments and support  [3,8]. Indeed, it is the role of
healthcare practitioners to examine the impact of ASD on
non-affected siblings and to advise families on how to best
provide help for their children, including regular involve-
ment of affected siblings in therapy sessions [8]. Researchers
might look at both the traits that individually affect these
siblings’ quality of life and the remedies that could be applied
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to solve those issues. Families may enhance the link between
siblings and establish a nurturing environment that encou-
rages understanding and empathy by acknowledging their
challenges and fostering open communication.

Finally, it is crucial to recognize the importance of
cultural context while providing complete care for ASD
people and their families. Understanding the intricate
variations in how people seek, obtain, and benefit from social
support within different cultural settings becomes important
alongside the aid provided by the health system [10]. To
achieve success and inclusion in assisting non-autistic
siblings of autistic people, support interventions must be
tailored to different cultural settings.

In summary, autism is a condition that impacts not just
the diagnosed individual but also their entire family,
particularly non-autistic siblings [2-5,8]. When diagnosing
and supporting autistic individuals, healthcare professionals,
educators, and politicians must recognize the importance of
addressing the family unit [2,8]. By concentrating on the
well-being of non-autistic siblings and designing tailored
treatments, it should be a common mission to create a more
inclusive and supportive environment for all family members
who are impacted by this condition [2,8].
Funding: None; Competing interests: None stated.
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Acute pulmonary hypertension (aPH) is com-
mon in preterm and term infants soon after birth
in both high-income countries (HIC, approxi-
mately 2/1000 live births [1]) and low- and

middle-income countries (LMIC, 1.2 to 4.6 per 1000 live
births in Asia [2] and 1-3 patients per month or 1-3% of
admissions in most NICUs in India [3]. It is often secondary
to parenchymal lung disease such as respiratory distress
syndrome (RDS), meconium aspiration syndrome (MAS),
pneumonia/sepsis or congenital diaphragmatic hernia
(CDH). Infants with aPH have high morbidity and mortality
during the neonatal period. Exacerbation of chronic pulmo-
nary hypertension (PH) associated with conditions such as
bronchopulmonary dysplasia (BPD) or CDH is common
during early infancy. However, new onset aPH beyond the
neonatal period during early infancy is uncommon in HIC.

In contrast, several case reports from the Indian
subcontinent and case series describe aPH during early
infancy in LMICs, especially among those exclusively
breastfed by mothers on polished rice diet [4-8]. These cases
presenting  in the post-neonatal period are associated with
lactic acidosis, hypoperfusion, often with severe pulmonary
hypertension and hypoxemia [4]. Although, some of these
infants have low thiamine levels and respond to pulmonary
vasodilators and thiamine, the precise etiology of infantile
aPH in the Indian subcontinent is not known.

Pulmonary vascular resistance (PVR) is high in fetal
period and varies with gestational age (Fig. 1). During the
canalicular phase of lung development, there is a paucity of
pulmonary vessels resulting in high PVR. With advancing
gestation, pulmonary vessels increase, decreasing PVR. Late
in gestation, during the alveolar phase, pulmonary vessels
become sensitive to oxygen and hypoxic pulmonary vaso-
constriction increases PVR. At birth, when alveolar oxygen
increases, PVR decreases and pulmonary blood flow
increases, establishing lungs as the organ of gas exchange [9].
In some neonates, PVR does not decrease at birth resulting in
persistent pulmonary hypertension of the newborn (PPHN).

High PVR observed in aPH of early infancy can
potentially occur from two processes: i) chronic elevation in
PVR from fetal period or birth followed by an exacerbation
(acute-on-chronic PH – dotted line in Fig. 1), or ii) normal
transition at birth and decrease in PVR followed by acute
exacerbation (dashed line in the figure). The patho-
physiology and phenotype of infantile aPH could be one of
three mechanisms viz., i) normal pulmonary vascu-lature
with acute arterial vasoconstriction, ii) left ventricular
dysfunction with pulmonary venous hypertension, and iii)
chronic remodeled pulmonary vasculature with super-
imposed arterial and venous hypertension. There is a
desperate need for lung biopsy or autopsy data evaluating the
morphology of pulmonary vasculature in these patients.

The exact etiology of aPH among Indian infants is not
clear despite several publications; although, thiamine
deficiency has been considered as a plausible explanation [5-
7]. In this issue of Indian Pediatrics, Aroor, et al. [10] provide
a large series of cases of aPH presenting in early infancy in a
tertiary care institution. They provide data showing that the
institution of a protocol of thiamine supplementation did not
significantly alter mortality (28.6% without thiamine and
10.7% with thiamine, P=0.17). There are two major limita-
tions to this study. No data on thiamine levels at the time of
acute presentation are provided. It is possible that given the
local diet that includes parboiled rice and fish, the prevalence
of thiamine deficiency might be lower. Second, the sample
size is small, increasing the risk of type II error. Hence, a
clinically significant reduction in mortality, although not
statistically significant, cannot be ignored. In addition, the
authors [10] provide elegant data suggesting higher incidence
of right and left ventricular dysfunction associated with higher
mortality similar to that observed in infants with CDH and
other causes of PPHN [10-13].

It is likely that cases of aPH in infancy are multifactorial
in origin with nutritional (thiamine and other factors),
infectious (viral, chlamydial, bacterial etc.) and genetic
factors playing a role (Fig. 1). A large study that includes
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estimation of thiamine levels in the mother and infant, lung
biopsy or autopsy to evaluate pulmonary vascular morpho-
logy and if possible, a multi-center, randomized trial of
thiamine infusion in aPH is warranted. Pending such studies,
given the safety profile of thiamine, protocols that include
supportive and pulmonary vasodilator therapy, and
considering thiamine infusion (although the dose needs
further evaluation) are justified in our opinion.
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Acute encephalitis syndrome (AES) is an illness
presenting with the acute onset of fever and
either change in mental status with symptoms
such as confusion, disorientation, coma, or

inability to talk, and/or new onset seizures excluding simple
febrile seizures. Encephalitis in clinical practice is considered
synonymous with herpes simplex virus (HSV) encephalitis
(HSE) in sporadic cases [1]. However, Japanese encephalitis
(JE) is the most common cause of AES cases in endemic areas
during specific seasons, and especially during outbreaks [2].
There has been a significant decline in JE contribution to AES
in the last decade [3]. However, reports of JE, though still
mostly reported among children, are also being reported in
adults and the elderly [4], year-round beyond known
seasonality [5], and outside endemic regions, including some
urban areas [6].

The Nipah virus (NiV) is a zoonotic virus, with fruit bats
serving as the natural host. It is transmitted through animals,
contaminated food, and human-to-human. It has a case
fatality rate estimated at 40-75%, which may vary in outbreak
settings. Clinical presentation ranges from asymptomatic
(subclinical) infection, mild acute respiratory infection to fatal
encephalitis. It has no specific treatment or vaccine available.
Since its emergence [7] in 2002, it continues to affect humans

in new geographic areas [8], which is a concerning develop-
ment. Chandipura virus (CHPV) is an arbovirus transmitted
by sandflies. It was identified as the causative agent of the
explosive encephalitis outbreak in Central India in 2003-2004,
with a case fatality rate as high as 75%, reported within 24
hours of symptoms commencement. CHPV encephalitis out-
breaks [9] and the seasonal increase in cases in early mon-
soon period have been reported in central, western and
eastern India [10].

Trends in AES Morbidity and Mortality

In India, the National Vector Borne Disease Control
Programme (NVBDCP) reports thousands of cases of AES
every year [11]. JE is an endemic disease in our country and
causes more than 2,500 cases and over 500 deaths annually
[12]. No specific treatment exists for JE, and cases are
managed with supportive care services. Currently, vaccines
are the only effective preventive measure against the
disease. The JENVAC (inactivated Vero cell-derived) vaccine
is an indigenously developed vaccine, is safe and neutralizes
genotype I-IV of JEV, with seroconversion rates of more than
90% [13]. There has been a decline in JE cases in certain
geographical areas, due to increased awareness, prevention
practices and vaccination uptake. The NVBDCP reports that
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the mortality from AES has declined from 12.27% in the year
2015 to 3.86% in 2022.

Significant advances in diagnostic testing have
happened with the availability of technologies like fully
automated multiplex polymerase chain reaction (PCR) panels,
where multiple pathogens can be detected simultaneously in
a short duration of time. These still remain underutilized for
CNS infections, although they are widely used for syndromic
diagnoses like sepsis, gastrointestinal and respiratory ill-
nesses [14]. The ‘metagenomics’ approach refers to the
interrogation of the complete genetic material from a clinical
sample [15].  It has great potential for helping clinicians in
reaching a timely diagnosis. The recent advent of unbiased
high-throughput sequencing (HTS) technologies to detect
previously unrecognized or novel pathogens offer remar-
kable opportunities in undiagnosed encephalitis cases [16].

Although, there are consensus clinical guidelines
provided for the diagnosis and management of encephalitis
in children [17], there are new developments in the decade
that require updating of the recommendations, along with the
development and evaluation of diagnostic and management
algorithms for different population subgroups at most risk,
that could be applicable across India and also based on the
regional differences [18]. An increase in climate-sensitive
zoonotic diseases is getting much-needed attention recently.
There is a need for prioritizing the research on climate change
using the One Health approach. This article provides pers-
pectives on infectious causes of encephalitis in India based
on the changing etiological spectrum.

Before the 21st Century, the most common infectious
cause of sporadic encephalitis in clinical practice among
immunocompetent individuals was HSV. It was also
associated with immunocompromised individuals infected
with HIV-1 and AIDS in India. The testing for serodiagnosis
and seroepidemiology studies were mostly done using an
indirect immunofluorescence test [19]. The molecular
methods of diagnosis using real-time PCR have been helpful
in early and quick diagnosis along with the determination of
viral load, helping clinicians in the decision on continuation
or stopping of antiviral therapy.

Sporadic encephalitis cases have also been associated
commonly with the pandemic influenza  A (H1N1) in 2009 and
rarely with Parvovirus B4, rabies, dengue and enteroviruses
[20], Chikungunya [21], and West Nile [22]. Nonviral causes
of encephalitis include scrub typhus [23] and leptospirosis
[24], which are treatable by affordable and widely available
drugs like azithromycin and doxycycline. Neisseria
meningitidis, Haemophilus influenzae, and Streptococcus
pneumoniae are other bacterial agents which cause AES.
Also, postinfectious encephalitis in a few cases merits
attention and efforts due to the additional possibility of co-

infections. There are other non-infectious causes like auto-
immune or antibody-mediated encephalitis along with
metabolic, toxic and other encephalopathies.

The JE virus activity in India was reported first in 1952.
The first human case of JE was reported from Tamil Nadu in
1955. The first epidemic of JE was reported in Bankura, West
Bengal and subsequently in Uttar Pradesh in 1978. It
continued to afflict human populations after the 1990s [2].
Following the epidemics in 2005 reported nationwide [25], JE
vaccination was introduced as an emergency measure in
2006  as a vaccination campaign using the live-attenuated SA
14-14-2 JE vaccine among children aged 1-15 years.

Improvements in serological diagnosis and molecular
assays using the RT-PCR have helped in early diagnosis.
The attribution of the JE virus as the cause had been reported
in 10-40% of cases of encephalitis during the largest out-
breaks in Uttar Pradesh until 2005. The epidemiology of JE is
changing in India following the implementation of JE vacci-
nation in endemic districts. JE virus genotype-I was reported
in India in 2011 and genotype-III recently. JE vaccination has
been considered the most important tool for JE prevention
and control. After the introduction of a single dose of live-
attenuated SA 14-14-2 JE vaccine at 16-24 months in routine
immunization schedules in 2010, an additional dose at 9-12
months was included since 2013. Many other new vaccines
have been developed and introduced in India.

The changing clinical and laboratory profile of AES in
Uttar Pradesh along with the association of non-JE viral and
non-viral infectious agents, including enteroviruses, have
highlighted the need for algorithms for clinical investigations
and etiological testing. The importance of cerebrospinal fluid
(CSF) for diagnostic testing has also been highlighted along
with the novel developments in testing using the multiplex
panels and metagenomics. This has become more important
due to urban areas experiencing sporadic JE cases recently
[6]. There are increasing cases and also outbreaks of JE
among adults and the elderly following childhood vacci-
nation [4]. Also, JE cases are getting reported year-round, as
against peculiar seasonality in the post-monsoon period
earlier, in non-endemic areas and beyond the known season
[5]. However, JE may get misdiagnosed or wrongly asso-
ciated with encephalitis due to issues of cross-reactivity and
less specificity of serodiagnosis relying on the use of IgM
ELISA assays.

Several epidemics of coma and fever in children with high
case fatality rates occurred at regular intervals, in Telangana
(erstwhile Andhra Pradesh) in 1997, 2002, 2003, 2005;
Maharashtra and eastern districts of Gujarat in 2003, 2004 and
elsewhere. These recurrent epidemics were caused by the
CHPV, indicating the emergence of CHPV in the Indian
subcontinent.
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A recent systematic review [26] has documented that
COVID-19 infection could present as encephalitis; with most
frequent neurological presentations being similar to those of
JE, depending upon the severity of the disease including
simultaneous respiratory damage [27]. Lack of a character-
istic CSF profile and a negative PCR test result may make its
diagnosis less evident, though autoimmune neuropatho-
genesis is likely. The clinicians should consider neurological
involvement in COVID-19 cases with altered mental status or
behavioral changes.

There are various difficulties in pointing out the cause in
most cases of encephalitis based on only clinical infor-
mation. There is a need to consider clinical as well as
epidemiological parameters in differential diagnosis for
rationalizing testing [17]. Diagnosing encephalitis is a very
costly affair. The physicians could consider rationalized
testing based on clinical clues [28]. There are efforts being
made recently to provide algorithms at the national level [18].
However, as studies are not reported from different geo-
graphies and endemic areas (Table I), there are difficulties in
prescribing testing algorithms that could be applied across
India [18].

Etiological Testing and Research

There are some operational issues regarding the availa-bility
of appropriate and timely clinical specimens for diagnostic
testing. CSF collection may not be possible in cases with
clinical contraindications, lack of expertise and consent from
patient relatives. Also, the non-availability of convalescent
sera in the later phase of illness may be due to high mortality
in the early course of illness, loss of patients to follow-up and

lack of interest and motivation of patients and physicians
alike, after recovery from an acute illness [5]. With decreasing
contribution of JE in AES following JE vaccination [3], it is
important to investigate other causes of encephalitis. Due to
decreased burden of HIV/AIDS, and the elimination efforts
for malaria and tuberculosis, it is a need to consider research
on other potential causes of encephalitis.

Dengue-associated encephalitis, ranging from mild
encephalopathy to severe encephalitic clinical presentation,
is increasingly being recognized in tropical and subtropical
countries, with a reported incidence rate varying from 0.5 to
20% [29]. A case of encephalitis or viral meningitis with
normal CSF cellularity, in a dengue-endemic region, is likely to
be due to dengue in 75% of the patients, followed by HSV-1
[30].

Since the year 2014, many surveillance and etiological
research studies were undertaken, mostly in high-endemic
regions in Uttar Pradesh, West Bengal, and Assam. The
medium-endemic region in Maharashtra (Vidarbha region)
and Telangana, erstwhile Andhra Pradesh (northern region)
lacked such studies. These studies were undertaken for
understanding the contribution of JE and other common
infectious agents associated with AES. Dengue encephalo-
pathy and rickettsial fevers were also considered for testing.
Establishing enhanced hospital-based surveillance and
searching for multiple infectious agents through virus
research and diagnostic laboratories (VRDL) have changed
the scenario in the last decade.

Clinical Management Issues

Strengthening of primary and secondary care hospitals is

Table I Infectious Causes of Acute Encephalitis Syndrome (AES) in India

Immunocompetent patients
Virus: Japanese encephalitis virus (JEV),a Herpes simplex virus (HSV),b,c Chandipura virus (CHPV),a,b (Telangana, Maharashtra,
Gujarat, Odisha, Bihar), Nipah virus (NiV),a,b (West Bengal, Kerala), Enteroviruses,b,c Dengue,a Influenza A (H1N1) (H3N2),a,c

Kyasanur forest disease (KFD), Rabies, Chikungunya,a West Nile (Assam, Kerala),a Zika
Bacteria: Mycobacterium   tuberculosis;b Orientia tsutsugamushi (Scrub typhus);a Leptospira (Assam, Kerala, Others);a Neisseria
meningitides (<1%)
Parasite: Plasmodium falciparum, Naegleria fowleri b,c

Immunosuppressed patients
Virus: HIV, EBV, CMV, Parvovirus B19, Human herpes virus 6
Unvaccinated children
Virus: Measles, Mumps, Rubella (clusters), Chickenpox (clusters), Bacteria: Streptococcus pneumoniae (~1%), Haemophilus
influenzae (<1%)
Newer agents
Virus: SARS-CoV-2 (direct or autoimmune-mediated)c

aOutbreak potential; bto be considered based on clinical presentation and tested if clues or pointers are available; cAcute necrotizing encephalitis
(ANE). Modified from: Standard Treatment Workflow (STW) for the management of Acute Encephalitis Syndrome (AES) in children, developed by
the Indian Council of Medical Research (https://stw.icmr.org.in/images/pdf/Paediatrics/Paediatrics_Acute_Encephalitis_syndrome.pdf)
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urgently needed along with preferential strengthening of
tertiary care hospitals for decreasing the case fatality rate of
AES. Decreased transport times to the nearest health-care
settings and early management of raised intracranial pressure
(ICP) and convulsions have brought significant improve-
ments in survival.

Clinicians and public health authorities have started
immunization against JE. However, AES is caused by many
agents other than JE. Vector control, mass immunization with
the JE vaccine to all below 15 years of age, and strengthening
of peripheral hospitals with oxygen and mannitol, along with
measures in place for decreasing transport times, could help
decrease mortality and disabilities of JE, and also AES in
future.

Climate Change and AES

The temperature rise, increased CO2 levels, and changes in
land use can drive extreme weather events resulting in
outbreaks of JE/AES in previously naïve regions
[31].Temperature is a critical factor for vector competence of
JEV and mosquito survival [21]. Thus, climate change can
cause the emergence of JEV in novel temperate regions.
Extended warm days, and erratic rains causing flash floods
and water stagnation, can contribute towards a breeding
environment for the JE vector. Modelling studies have
predicted that climate change can also provide opportunities
for viral sharing amongst the wildlife, presently silently
harboring them, and could in turn facilitate zoonotic spillover
[32]. Thus, it may be postulated that novel viruses with the
potential to cause AES could gain access to naïve human
population in future.

Future Perspectives

Pradhan Mantri Ayushman Bharat Health Infrastructure
Mission (PM-ABHIM) launched in October, 2021, is the
largest Pan India scheme for public health infrastructure since
2005. It intends to fill in critical gaps in health infrastructure,
surveillance and health research, spanning both urban and
rural areas. It aims to make the communities atmanirbhar or
self-reliant by establishing a strong healthcare system, which
can effectively respond to epidemics across the nation,
develop the core capabilities to deliver a One Health app-
roach in the prevention of infectious diseases and build
information technology (IT) enabled surveillance systems
[33].

Artificial Intelligence (AI): Potential in AES
Diagnosis

Machine learning (ML), the most common form of AI, is a
technique of fitting models to data statistically and to ‘learn’
by training the models. The focus of AI, as early as the 1970s,
has been on disease diagnosis and treatment [34]. ‘Precision

medicine’ predicts what treatment and management proto-
cols are most likely to succeed based on various patient
attributes and treatment contexts. It has been applied
effectively in the field of cancer [35]. AI may become an
important tool in the future for the early, accurate diagnosis of
AES cases, thus leading to better treatment and prognosis.

Conclusions
A significant decrease in the burden of vaccine-preventable
diseases was seen after the implementation of vaccinations
against measles, rubella and mumps, along with improved
rabies vaccines as pre-exposure and also post-exposure
prophylaxis, and with effective vaccines against Japanese
encephalitis since 2006. However, many treatable causes of
encephalitis such as scrub typhus, leptospirosis, malaria,
tuberculosis and sepsis need guidelines for early diagnosis
and proper management. The increasing endemicity and
frequent outbreaks of dengue will need attention and timely
efforts. The astute pediatrician will need to detect cases, seek
diagnostic testing timely and engage with the health
services. Awareness of possible para- and post-infectious
encephalitis including SARS-CoV-2 encephalitis could help
drive research for the betterment of therapies and improving
the outcomes. Significant advances in diagnostic techno-
logies have helped in the detection of novel etiological
agents of infectious encephalitis. The national, state and
local governments have become responsive to the health
challenges. The ongoing PM-ABHIM is one such example
by the Government of India. Such efforts will prove useful in
the management of encephalitis to prevent mortalities and
morbidities in future.
Funding: None; Competing interests: None stated.
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The Earth’s climate is changing in ways that are
not good for children. Burning of fossil fuels has
released unprecedented amounts of carbon
dioxide and other greenhouse gases into the

atmosphere. Human activities worldwide have already
caused approximately 1.1°C of global warming above pre-
industrial levels [1]. This rise in global temperature is likely to
reach 1.5°C between 2030 and 2052 if carbon dioxide
emissions continue to increase at the current rate of 0.6% a
year [2].

The rising global temperature impacts health, liveli-
hoods, food security, water supply, human security and
economic growth. Shifting weather patterns are expected to
threaten food production and raise sea levels, thus increa-
sing the risk of severe floods. Low- and middle-income
countries are particularly affected by climate change. They
are hit hardest because they are more vulnerable to the
damaging effects of a hazard but have lower coping capacity.
Eight out of the ten countries most affected by impacts of
extreme weather events in 2019 belong to the low to lower
and lower middle-income category. The global pandemic of
COVID-19 has reinforced the fact that both risks and
vulnerability are systemic and interconnected [3].

INDIAN SCENARIO

According to the Global Climate Risk Index [3] India is the
fifth-most vulnerable country to climate change impact. The

environmental, social and economic impact of climate
change are already significant in India, with a population of
more than 1.4 billion [4]. The lives and livelihoods of a
significant proportion of the population are affected,
especially those dependent on climate-sensitive sectors
such as agriculture, forestry, tourism, animal husbandry and
fisheries. India’s economy is heavily dependent on agri-
culture, with about 58% of the population dependent on
agriculture for livelihoods [5]. Annual agricultural incomes
are predicted to decline by 15-18% and agricultural yield by
as much as 2.9% due to climate change.

Soaring summer temperatures are one reason that climate
change is a key area of concern for India; this was especially
evident during the past several summers.  In April, 2023,
temperatures reached 45ºC across the northern plains of
India.  As a preventive measure, hundreds of schools closed
[6]. Large numbers of people came to hospitals and clinics
with symptoms of heat stroke in April, 2023, and 13 people
died at an event in Mumbai [7].

HEALTH EFFECTS OF CLIMATE CHANGE ON
CHILDREN

The climate crisis is a child health crisis [8].  Burning fossil
fuels releases pollution into the air, which causes exacer-
bations of childhood asthma and other respiratory diseases
[9]. In India, seasonal episodes of asthma increased in
summer from 2.8% in 1994 to 19.8% in 2004 possibly due to
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Climate change is already impacting children’s health in a variety of ways.  Indian children are among the most severely affected; they
are experiencing respiratory illnesses from air pollution, heat-related illnesses, malnutrition, vector- and water-borne diseases; and
mental health problems such as post-traumatic stress disorder from weather disasters. There is a need to increase awareness and
capacity building among paediatricians for understanding the impact of climate change on the health of children and educating parents
about preventive measures. Detailed environmental history taking will help to identify risk factors. To address climate change issues,
professional paediatric associations should increase their advocacy with government agencies. It is essential to ask policymakers
to immediately reduce greenhouse gas emissions. Reducing the burning of coal and other fossil fuels and moving to
renewable energy sources such as solar and wind will reduce India’s carbon emissions and decrease environmental illness among
children. The pediatricians of India should declare that climate change is a child health emergency.
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the increase in ozone production from automobile emissions
[10].The risk of asthma in children has been shown to
increase sequentially from 1.19  (95% CI, 1.04-1.36), 1.51 (95%
CI, 1.31-1.75), and 1.51 (95% CI, 1.29-1.76) after exposure to
mild, moderate and heavy traffic pollution compared with
minimal traffic pollution [11].

In addition to respiratory diseases, climate change
causes more heatwaves; children under one year are
extremely vulnerable during heat waves. The number of
heatwave days in India has increased in the last 10 years [12].
The inland regions have had, on average, more than 8
heatwave days from April to June and the affected areas
have increased from 1991 to 2020, in comparison to the
previous three decades starting from 1961. UNICEF reported
that high heatwave duration impacts 538 million, or 23% of
children globally [13]. This will rise to 1.6 billion children in
2050 at 1.7ºC warming, and 1.9 billion children at 2.4ºC
warming, emphasizing the importance of urgent and dra-
matic emissions mitigation and adaptation measures to
contain global heating.

Other health effects on children are due to extreme

weather events and subsequent disasters; water scarcity
and food insecurity; vector- and water-borne diseases; and
mental health problems such as post-traumatic stress
disorder [14]. Disadvantaged children will be most severely
affected (Fig.1). Potential adverse consequences include
orphanhood, trafficking, child labor, loss of education and
development opportunities, separation from family, home-
lessness, poverty, trauma, and emotional disruption [15].
Children in disaster-prone areas in India are twice as likely to
be living in chronic poverty as to escape poverty, and three
times as likely to become impoverished [16].

GLOBAL INITIATIVES ON CLIMATE CHANGE

The Lancet Countdown on Health and Climate Change is an
international, multi disciplinary collaboration, dedicated to
monitoring the evolving health profile of climate change, and
providing an independent assessment of the delivery of
commitments made by governments worldwide under the
Paris Agreement. In 2019, the Lancet Countdown on Health
and Climate Change [8] declared that the worst impacts of
climate change are and will continue to be felt dispropor-
tionately by children. 

Fig. 1   Impact of climate change in children.

Source:https://www.unicef.org/reports/unless-we-act-now-impact-climate-change-children
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For more than 25 years, the World Health Organization
(WHO) has been promoting a multi-sectoral approach to
dealing with the health impacts of climate change. WHO
supports countries to ensure national ownership and the
building of a community of practice on climate change and
health at national, regional and global levels. Tools and
training manuals on a wide range of topics on climate change
and health are available under the WHO toolkit of climate
change and health resources [17]. Furthermore, national,
regional and global trainings and educational material on
relevant topics are organized as part of the implementation of
both overall WHO initiatives and specific projects on climate
change and health.

INDIAN INITIATIVES ON CLIMATE CHANGE

India’s contribution to the world’s cumulative greenhouse
gas emissions is less than 4% and India’s annual per capita
emissions are about one-third of the global average.  Despite
this, India aspires to enhance its 2015 commitment
to reducing emissions intensity (the amount of emissions per
unit of gross domestic product) by 45% from 2005 levels by
2030. At the United Nations Climate Conference in 2022,
India promised to meet its 50% energy demand from
renewable sources of energy and unveiled a strategy to
achieve low-carbon growth, which included expanding and
stabilizing the renewable electricity grid, and phasing down
coal. India aims to achieve net zero emissions by 2070 [18].
India submitted its long-term low emissions growth strategy
indicating low carbon transition pathways in key economic
sectors. Responding to the call for increased ambition in its
2030 climate targets, India updated its Nationally Determined
Contributions in August, 2022. India has embarked on new
initiatives in renewable energy, e-mobility, ethanol blended
fuels, and green hydrogen as an alternate energy source.
India is seeking to foster strong international cooperation
through action and solutions-oriented coalitions like Inter-
national Solar Alliance and Coalition of Disaster Resilient
Infrastructure, both of which were launched and nurtured by
India.

The hot summers are causing a surge in demand for fans
and air conditioning in many parts of India. This will further
strain India’s electric power grid. According to India’s
National Action Plan on Climate Change [19], only 6% of
India’s electricity comes from solar and wind power, while
55% is from coal.  The India Cooling Action Plan [20] calls for
more access to cooling for India’s growing population, using
greener coolants.

ROLE OF PEDIATRICIANS IN ADDRESSING
CLIMATE CHANGE

Pediatricians have a key role to play in urging the gover-
nment to make ambitious strides to reduce coal and other

fossil fuels and move to renewable energy sources such as
solar and wind. This will reduce India’s carbon emissions
and reduce environmental illness among children. Many
pediatricians; however, learn very little in medical school
about the harmful effects of burning fossil fuels, and they
seldom take time to contact their policymakers or counsel
parents about reducing the harms to children from climate
change. The results of a multi-national survey of views of
health professionals on climate change and health revealed
that time constraints were the biggest factor affecting the
willingness of health professionals to communicate about
the impacts of climate change on health. Other factors that
affected the willingness to communicate included lack of
knowledge and belief that communication would not make a
difference, lack of support from peers, perception of contro-
versy, and perceived personal or professional risk [21]. It is
important, therefore, to have programs for awareness and
capacity building among pediatricians to increase their
familiarity with the impact of climate change on the health of
children and their competence in educating parents about
preventive measures [22].

The International Pediatric Association (IPA) has been
working on this issue for many years. An IPA environmental
health advisory group was started in 2001. IPA also founded
the International Pediatric Environmental Health Leadership
Institute in 2005 to better prepare the world’s pediatricians to
address environmental health issues and climate change. IPA
held one-day intensive environmental health workshops for
pediatricians in 2007, 2010, 2013, 2016 and 2023. Pediatricians
who successfully completed a workshop and passed an
examination were accepted into the International Pediatric
Environmental Health Leadership Institute. The climate crisis
has been a key topic in each workshop, and pediatricians
have used the knowledge gained in the workshops to
provide education about climate change and child health
during their national pediatric meetings. Such programs
empower pediatricians to address the issues effectively,
fostering interdisciplinary collaboration and creating case
studies that can be used to educate communities [23].

In clinical practice, pediatricians can start using the green
page, developed by the World Health Organization to guide
clinicians in taking an environmental history, to discuss
climate change and air pollution exposures, and counsel
parents accordingly [24].This will help the pediatricians in
detecting the presence or risk of environmental factors in
their patient, and also guide them to counsel parents for
preventive and therapeutic management.

IPA made a commitment to address the climate crisis as a
child health crisis in 2021 [25]. The pediatric societies’
declaration outlined the necessary actions that pediatric
societies must take to achieve an equitable and just transition
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to a sustainable planet for all children. It provided infor-
mation about climate change and child health for national
pediatric societies to use in their educational programs.

EFFORTS BY INDIAN PEDIATRICIANS

Mata Bhumihiputroohumpruthvyaha
(Earth is my mother, and I am her child)

-Atharvaveda

This statement signifies the importance of earth in Indian
culture. With this in mind, in the year 2000, IAP started the
Environment and Child Health Group (ECHG), a subspecialty
group (currently 730 members). The ECHG mission is
to create awareness among doctors and lay people about the
impact of pollution on health of children and burden on the
health care system, promote healthy and environmentally
safe practices, promote research and entrepreneurship in
environmental and child health, advocacy for safe environ-
ments and protection of child health and promote public
private partnership in developing green belts, by organizing,
participating and promoting activities like tree planting,
water conservation and air quality. The members of this
group do advocacy and capacity building for environmental
issues and regularly hold webinars for both professionals
and the community. Members also strive to counsel parents
regarding environmental issues and suggest measures that
the entire family can adopt. Recently ECHG made guidelines
for conducting environmentally-friendly IAP conferences.

In 2021, the Indian Academy of Pediatrics (IAP) was one
of the first national societies to endorse the pediatric
societies’ declaration. Pediatricians are aware that Indian
parents are already concerned about this issue. A survey
found that 63% of the public in India thought global warming
would cause a great deal of harm to Indians. Furthermore,
over half or more said global warming will cause many more
disease epidemics (59%), severe heat waves (54%), severe
cyclones (52%), and droughts and water shortages (50%) in
India over the next 20 years, if nothing is done to address it
[26]. Pediatricians are uniquely positioned to engage with
other health professionals and child advocates in develop-
ing comprehensive strategies to prevent and mitigate the
impact of the global climate crisis on children and youth.

Additional Actions That Pediatricians Can Take

Although much progress has been achieved, there are
additional ways that pediatricians can elevate the issue of the
climate crisis and its impact on child health. For example,
pediatricians can advocate with policymakers for greater use
of renewable energy to reduce air pollution and climate
change caused by burning of fossil fuels. Pediatricians can
advocate that city leaders take steps to develop city-level
climate change response policies [27] by promoting the air
quality index, substituting clean and renewable energy in

place of polluting coal, and promote adaptation to warming
through reflective cool roofs that can reduce cooling energy
demand in buildings. In Ahmedabad, these have been
documented to achieve substantial air quality and health co-
benefits [28]. As malnutrition is likely to increase, pedia-
tricians should advocate that food systems be strengthened
to withstand hazards and ensure continued access to
healthy diets. Increased investments must be made in the
early prevention, detection and treatment of severe mal-
nutrition in children. Children need climate change
education, disaster risk reduction education, green skills
training and opportunities to meaningfully participate and
influence climate policy making. Pediatricians should partner
with children and work to build youth capacity.

CONCLUSION

Now is the time for pediatricians to raise their voices to
prevent a climate catastrophe for children [29].  Pediatricians
are respected by policymakers and government leaders and
they should ask those leaders to reduce greenhouse gas
emissions. The pediatricians of India should declare that
climate change is a child health emergency and urge the
government to immediately revisit its national climate plan
and policies to increase action.

Funding: None; Competing interests: None stated.
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In utero passage of meconium complicates 9-12% of
deliveries [1], exposing these neonates to the risk of
developing various respiratory as well as non-
respiratory complications. Over two decades back,

Narchi, et al. [2], for the first time, reported the beneficial role
of gastric lavage in neonates delivered through meconium-
stained amniotic fluid (MSAF). Subsequently, multiple
randomized controlled trials [3-6] and meta-analyses [7,8]
documented similar benefits of prophylactic gastric lavage in
the delivery room, particularly for the reduction in the
incidence of feeding intolerance. The rationale cited by the
authors for performing gastric lavage included prevention of
meconium-induced gastritis, reported to be almost three
times more common in this group [9], and a reduction in the
risk of meconium aspiration syndrome (MAS) caused by the
secondary aspiration of meconium-stained stomach

contents during vomiting [6]. Based on this evidence, many
neonatal units continue to perform prophylactic gastric
lavage on the basis of treating unit’s protocols.

However, the trials advocating gastric lavage did not
assess its effect on clinically more relevant outcomes such as
the rate of early establishment of exclusive breast-feeding
and initiation of skin-to-skin contact [8], which may be
delayed by the intervention. Initiation of breast-feeding
within one hour of birth is associated with decreased
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Background: Delivery-room gastric lavage reduces feeding
intolerance and respiratory distress in neonates born through
meconium-stained amniotic fluid (MSAF).

Objectives: To evaluate the effects of gastric lavage on exclusive
breastfeeding and skin-to-skin contact in neonates delivered
through MSAF.
Design: Randomized controlled trial.
Participants: 110 late preterm and term neonates delivered through
MSAF not requiring resuscitation beyond initial steps.
Methods: Participants randomized into gastric lavage (GL) (n=55)
and no-GL (n=55) groups. The primary outcome was the rate of
exclusive breastfeeding at 72±12 hours of life. Secondary
outcomes were time to initiate breastfeeding and establish
exclusive breastfeeding, rate of exclusive breastfeeding at
discharge, time to initiate skin-to-skin contact and its duration, rates
of respiratory distress, feeding intolerance, and the procedure-

related complications of gastric lavage monitored by pulse oximetry
and videography.

Results: Both the groups were similar in baseline characteristics.
49 (89.1%) neonates in GL group could achieve exclusive breast-
feeding at 72 hours compared to 48 (87.3%) in no-GL group [RR
(95% CI) 1.02 (0.89-1.17); P=0.768]. Initiation of skin-to-skin contact
was significantly delayed and the total duration was significantly
less in GL group compared to no-GL group. No difference in respi-
ratory distress and feeding intolerance was observed. Procedure-
related complications included retching, vomiting, and mild
desaturation.

Conclusions: Gastric lavage did not help to establish exclusive
breastfeeding, delayed the initiation of skin-to-skin contact in
delivery room and reduced its total duration. Moreover, the procedure
of gastric lavage was associated with neonatal discomfort.
Keywords:  Feeding intolerance, Outcome, Respiratory distress,
Skin-to-skin contact.
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neonatal mortality and improved childhood survival [10-12].
Similarly, immediate skin-to-skin contact has enormous
benefits to the mother and the infant in the form of better
temperature maintenance, promotion of early breastfeeding
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initiation and exclusive breastfeeding rate, and improvement
of mother-infant bonding [13]. The resuscitation guidelines
endorse the practice of skin-to-skin contact and early
breastfeeding at birth [14].

Although, gastric lavage is apparently an innocuous
procedure, but it may be associated with several short- and
long-term adverse effects such as feeding tube malposition
[15], oxygen desaturation, bradycardia [16], gastrointestinal
perforations [17], retching, disruption of pre-feeding
behavior [18], and development of functional gastrointes-
tinal disorders later in life [19]. These adverse effects have
not been rigorously assessed in previous trials.

Standard guidelines do not discuss about the role of
gastric lavage in neonates born through MSAF and there is a
paucity of studies that have been conducted with meticulous
monitoring of the procedure. The present study was planned
to evaluate the effects of gastric lavage on the establishment
of exclusive breastfeeding and skin-to-skin contact, inci-
dence of in-hospital morbidities including respiratory
distress, feeding intolerance, and procedure-related compli-
cations among late preterm and term neonates delivered
through MSAF.

METHODS

This parallel-group randomized controlled trial was conducted
over 17 months (March, 2021 to August, 2022) after obtaining
approval from the institutional ethics committee. The trial was
prospectively registered with Clinical Trial Registry of India.
Written informed consent in the local language was taken
from the parents before enrollment.

Settings and study population: The study was conducted in
a level III tertiary care hospital with a 24-bedded neonatal
intensive care unit (NICU) serving as a referral center in the
state. Our unit policy adheres to baby friendly hospital
initiatives (BFHI), and we have a policy of initiating and
aggressively promoting exclusive breastfeeding unless
justified.

The study population comprised of inborn neonates of
gestational age (GA) ≥34 weeks delivered through MSAF
not requiring resuscitation beyond ‘initial steps’ [14].
Exclusion criteria included presence of major congenital
anomalies, known contraindications to breast-feeding, and
failure to obtain parental consent.

The primary outcome was the rate of exclusive breast-
feeding at 72±12 hours of life, defined as the proportion of
neonates on breastfeeding as exclusive mode of feeding in
previous 24 hours. Secondary outcomes included time to
initiate breastfeeding, proportion of neonates in whom
breastfeeding could be started within one hour after delivery,
time to establish exclusive breastfeeding, rates of exclusive

breastfeeding at discharge, time to initiate skin-to-skin
contact in vaginal deliveries and its duration, rates of feeding
intolerance (defined as >2 vomiting in any 4 hour period or >3
in 24 hour; or abdominal distension i.e., increase in abdominal
girth of >2 cm from baseline) [3], incidence of respiratory
distress, need and duration of respiratory support, other
morbidities, final outcome, duration of hospital stay, and the
incidence of procedure- related complications of gastric
lavage monitored by pulse oximetry and videography.

Randomization, group allocation and blinding: Rando-
mization was done by computer-based variable-block ran-
dom sequence (http://www.sealedenvelope.com) stratified
to two gestational age-based subgroups, late preterm (34-36
weeks) and term (≥37 weeks), generated by an independent
statistician, not involved in the study. Eligible neonates were
randomly allocated soon after delivery to either gastric
lavage (GL) or no-GL group. Gastric lavage was performed by
designated nursing officers attending delivery, particularly
trained for this purpose prior to the commencement of the
trial. Allocation concealment was ensured using sequentially
numbered sealed and opaque envelopes. Though the pro-
cedure was open-label due to the nature of the intervention,
outcome assessors and the statistician were blinded
regarding the group allocation.

Intervention: Neonates allocated to GL group were shifted to
pre-warmed radiant warmer after delivery. All necessary
equipment for gastric lavage were kept ready before delivery.
After thoroughly drying and covering the neonate with dry
warm linen, a Masimo Rad-97 pulse oximeter probe was
attached to the right wrist. An 8-Fr feeding tube was inserted
orally with length equal to the distance from the bridge of the
nose to the earlobe and from the earlobe to a point halfway
between the xiphoid process and the umbilicus. After con-
firming the position of the orogastric tube by aspiration of
stomach contents and pushing of air, lavage was done with
20 mL of normal saline. The whole procedure was done
under strict asepsis and the entire procedure was video-
taped. Neonates in no-GL group were managed as per the
standard resuscitation guidelines [14].

Delayed cord clamping was done in both groups except
in non-vigorous newborns, where early cord clamping was
done, and the neonate was shifted to pre-warmed radiant
warmer for initial steps. All neonates delivered vaginally were
subjected to skin-to-skin contact accord-ing to Early
Essential Newborn Care package policy of World Health
Organization (WHO) [20], immediately after delivery in no-GL
group, and after the procedure in those who underwent
gastric lavage. The time to start as well as the duration for
skin-to-skin contact were recorded by a digital stopwatch.

All infants were monitored for the development of
complications, if any. Stable neonates were roomed in and
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nursed with their mothers in postnatal ward. Those who
developed respiratory distress or any other complication
were admitted to the NICU and were managed as per our unit
policy. The mothers of both the groups were counseled and
helped to establish exclusive breastfeeding by lactational
counselors. Enrolled neonates were monitored and followed
up till discharge. Video-clips were scrutinized to note the
clinical as well as pulse oximetry details, heart rate and peri-
pheral oxygen saturation (SpO2).

Previous studies have not assessed the outcome of
exclusive breastfeeding at 72±12 hours of life. Thus, we
based our sample size on the surrogate of exclusive breast-
feeding at 0-6 months from the national data published in the
National Family Health Survey (NFHS)-4. It showed
exclusive breastfeeding rates of around 55% amongst
children aged 0-6 months [21]. Assuming a similar exclu-sive
breastfeeding rate in our population, to detect a diffe-rence of
25% at an alpha level of 0.05 and a power of 80%, a sample size
of 52 neonates per arm was calculated (https://sealed
envelope.com/). Considering an attrition rate of 5%, the total
sample size was calculated to be 110 (55 in each group).

Statistical analysis: Data were recorded in Microsoft Excel
2019 and analyzed in SPSS version 25.0 (IBM Corp) on
intention-to-treat basis. Categorical measurements are

presented as number (%) while continuous variables are
presented as mean (SD) or median (IQR). Fisher exact test or
the Chi-square test was used to compare categorical
variables while Student t test or Mann-Whitney U test were
used to compare continuous variables. Relative risk (95% CI)
was calculated, where relevant.

Analysis of the primary outcome was planned a priori
for the sub-groups viz., late preterm vs term, vaginally born
vs cesarean section delivered, and thick vs thin MSAF.
Time to achieve exclusive breastfeeding was evaluated by
Kaplan-Meier survival plot analysis. A P-value of <0.05
was considered statistically significant.

RESULTS

During the study period, 163 mothers with MSAF were
assessed for eligibility, out of which 53 were excluded for
various reasons. Moreover, the study had to be stopped for
three months (April to June, 2021), coinciding with the
second wave of COVID pandemic wherein the institute
policies mandatorily separated all neonates from their
mothers, compromising breastfeeding initiation and mainte-
nance. Finally, 110 neonates were randomized into GL (n=55)
and no-GL (n=55) groups. All neonates received allocated
intervention and were analyzed. The flow of participants is
depicted in Fig. 1.

Fig. 1 Study flow diagram.

Assessed for eligibility (n=163)

Excluded (n=53)
• Congenital anomaly (n=2)
• Resuscitation beyond initial steps (n=16)
• Declined to participate (n=35)

Randomized (n=110)

Allocated to ‘No gastric lavage’  (n=55)
• Received allocated intervention (n=55)
• Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analyzed (n=55)
• Excluded from analysis (n=0)

Allocated to ‘Gastric lavage’  (n=55)
• Received allocated intervention (n=55)
• Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analyzed (n=55)
• Excluded from analysis (n=0)

Enrollment

→
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Both the groups were comparable with respect to
maternal variables, intrauterine growth status, consistency of
meconium, mode of delivery, birth weight (BW), GA, gender,
vigorous cry at birth, and Apgar score. The mean (SD) GA of
GL and no-GL groups were 38.5 (1.7) and 38.7 (2.1) weeks,
respectively (P=0.586) (Table I).

The rate of exclusive breastfeeding at 72±12 hours of life
and other feeding outcomes are shown in Table II. A total of
49 (89.1%) neonates achieved exclusive breastfeeding at 72
hours compared to 48 (87.3%) in no-GL group [RR (95% CI)
1.02 (0.89-1.17); P=0.768]. There was no significant difference
in the time to achieve exclusive breastfeeding between the
two groups [Hazard Ratio (HR) (95% CI), 0.94 (0.63-1.40);
P=0.771] (Fig. 2). The median age of first breastfeeding was 2
hours in both the groups (P=0.160). There were no
differences in time to initiate breastfeeding, initiation of
breastfeeding within first hour of birth, time to establish
exclusive breastfeeding, and the rates of exclusive breast-
feeding at discharge. Analyses in the pre-planned sub-
groups for the primary outcome did not reveal any
significant difference (Web Table I). Overall, initiation of
breastfeeding within first hour was possible in 25/27 (93%) of
neonates delivered vaginally compared to 15/83 (18%)
among LSCS (P<0.001).

In vaginally-delivered neonates, skin-to-skin contact
could be initiated in 9/10 in GL and 16/17 in no-GL group
(Table III). One neonate in each group developed respiratory
distress soon after birth and were shifted to the  NICU.
Initiation was significantly delayed in GL group [median
(IQR) 0.3 (0.2,0.3) min in no-GL vs 16 (14,18) min in GL group;
P<0.001]. Similarly, the total duration or dose of skin-to-skin
contact was significantly longer in no-GL compared to GL
group [62 (60,64) vs 50 (50,55) min;  P<0.001)].

No differences were observed in other morbidities
including the incidence of respiratory distress, duration of
respiratory support, neonatal hyperbilirubinemia, hypo-
glycemia, polycythemia, and the duration of hospital stay.
Feeding intolerance was observed in 1 (1.8%) neonate in GL
group compared to 3 (5.4%) in no-GL group (P=0.308). There
was no mortality in either group. Procedure related

Table I Baseline Maternal and Neonatal Characteristics of
Neonates Born Through Meconium Stained Amniotic Fluid
Enrolled in the Study

Characteristics Gastric lavage No gastric
(n=55) lavage   (n = 55)

Maternal characteristics
Age (y)a 27.1 (4.8) 26.6 (4.0)
Gravidab 2 (1,3) 2 (1,3)
Complete antenatal care 29 (52.7) 23 (41.8)
Oligohydraminos 6 (10.9) 9 (16.4)
PV leak  >18 h 7 (12.7) 7 (12.7)
PIH 8 (14.5) 7 (12.7)
Anemia 15 (27.3) 16 (29.1)
Hypothyroidism 3 (5.5) 7 (12.7)
Fetal distress 20 (36.4) 15 (27.3)
Vaginal delivery 10 (18) 17 (31)
Thick meconium 31 (56.4) 30 (54.5)
Neonatal characteristics
Birth weight (g)a  2695 (494) 2813 (476)
Gestational age (wk)a 38.5  (1.7) 38.7 (2.1)
Small for gestational age 21 (38) 16 (29)
Male 30 (54.5) 34 (61.8)
Vigorous baby 53 (96) 52 (95)
Apgar score b

1 min 8 (8,9) 8 (8,9)
5 min 9 (9,9) 9 (9,9)

Received initial steps 2 (3.6) 3 (5.4)

Values in no. (%), amean (SD) or bmedian (IQR); P>0.05 for all com-
parisons. PIH: pregnancy induced hypertension.
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Table II Breastfeeding Rates and Feeding Pattern Among Neonates With Meconium Stained Amniotic Fluid

Variables Gastric lavage (n=55) No gastric lavage (n=55)  RR  (95% CI)

Exclusive breastfeeding rate at 72 (±12)  h  49 (89.1)  48 (87.3)  1.02 (0.89-1.17)
Age at first breastfeeding (h)a 2 (1, 5) 2 (0.5, 10)  -
Initiation of breastfeeding within first hour of birth 16 (29.1) 17 (30.9)  -
Age of establishment of exclusive breastfeeding (h)a 3 (1.5, 27) 2 (1, 16)   -
Exclusive breastfeeding rate at discharge 52 (94.5) 53 (96.4)  0.98  (0.90-1.06)

Values in no. (%) or amedian (IQR).

complications in GL group included retching (n=32; 58.2%),
vomiting (n=5; 9%), and mild desaturation (SpO2 <85%)
(n=10; 18.2%). None of the neonates developed apnea,
significant desaturation (SpO2<80%) or brady-cardia (heart
rate <100/min).

DISCUSSION

The present study sought to clarify the role of gastric lavage
in late preterm and term neonates delivered through MSAF,
especially with regards to breastfeeding. There was no signi-
ficant difference in the rate of exclusive breastfeeding at 72
hours and at discharge, as well as the time of initiation and
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Table III Secondary Outcomes Among Neonates With Meconium Stained Amniotic Fluid in the Two Groups

Variables Gastric lavage (n=55) No gastric lavage (n=55)

Underwent skin-to-skin contacta 9 (16.4) 16 (29.1)
Time of initiation of skin-to-skin contact after delivery (min)a,b,d 16 (14, 18) 0.3 (0.2, 0.3)
Duration of skin-to-skin contact (min)a,b 50 (50, 55) 62 (60, 64)
Respiratory distress requiring respiratory support 5 (9.1) 8 (14.5)
Duration of respiratory support (h)b 6 (4, 49) 4 (2, 26)
Neonatal hyperbilirubinemia requiring phototherapy 10 (18.2) 7 (12.7)
Feeding intolerance 1 (1.8) 3 (5.4)
Hypoglycemiac 2 (3.6) 1 (1.8)
Polycythemia (hematocrit >65%)c 2 (3.6) 1 (1.8)
Duration of hospital stay (h)b  85 (57, 120)  80 (48, 97)

Values in no. (%) or bmedian (IQR). aOne neonate in each group developed respiratory distress soon after birth and were shifted to neonatal
intensive care unit; casymptomatic. dP<0.001. No child had sepsis screen and/or culture-positive sepsis.

establishment of exclusive breastfeeding. The time of ini-
tiation of skin-to-skin contact in delivery room was signi-
ficantly delayed in GL group, and the duration of skin-to-skin
contact was also significantly less. Almost half of the neo-
nates undergoing gastric lavage had retching and 14.5% had
desaturation (SpO2 <85%) as observed during the procedure.

Exclusive breastfeeding rate at 72 hours was chosen as
the primary outcome variable because we postulated that a
brief single intervention as gastric lavage may impact the
initiation and maintenance of exclusive breastfeeding in the

initial few days of hospital stay, rather than at discharge.
Nearly 90% of neonates in both the groups achieved exclusive
breastfeeding at around 72 hours and almost 95% at the time
of discharge. The procedure of gastric lavage did not make a
significant difference in establishment of exclusive breast-
feeding. A possible reason could be strict adherence to BFHI
guidelines in our unit and active support for exclusive
breastfeeding in both the groups. There is a paucity of
studies directly com-paring the effect of gastric lavage on the
rate of exclusive breastfeeding in MSAF-delivered neonates.

31

GL:gastric lavage in delivery room.

Fig. 2 Kaplan-Meier survival plot analysis for the outcome of ‘time to achieve exclusive breastfeeding’ in gastric lavage and no-gastric
lavage groups.
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Initiation of breastfeeding within first hour of birth was
possible in only 30% neonates in either group. The rates are
less than that reported by NFHS-5 (41.8%) [22] and a recent
hospital-based study (43.5%) from southern India [23]. The
reason for low rates in our set up could be high rates of
cesarean delivery, due to it being a tertiary care referral center.
Late shifting of the mother from the operation theater to
ward, delayed wearing-off of anesthetic effect, and uncom-
fortable breastfeeding position after cesarean section
probably led to this delay. Several syste-matic reviews
corroborate this finding, with Yisma, et al. [24] reporting a
46% lower prevalence of early initiation of breastfeeding
among cesarean section delivered mother-infant dyads [25].

The process of gastric lavage caused a significant delay
in the initiation and the total duration of skin-to-skin contact.
Delay in skin-to-skin contact deprives the neonates from its
benefits including the opportunity of early feeding at breast.
However, this delay of approximately 15 minutes might not be
of much clinical relevance and this delay did not translate
into a significant impact towards overall exclusive breast-
feeding rates at 72 hours or discharge.

The present study did not find any difference in the
incidence of respiratory distress and the duration of respi-
ratory support between the two groups, which is similar to
the findings reported by several previous authors [2-4,6].
Performing gastric lavage after delivery may not help to
remove meconium that has been already aspirated in the
lungs. Moreover, it may be the duration of in utero hypoxia
that determines the development of meconium aspiration
syndrome and respiratory distress, not the amount of
meconium aspirated [26]. The incidence of feeding intole-
rance in previous trials varied from 4.6-35% and a significant
reduction in the incidence of feeding intolerance was
observed after gastric lavage [2-7]. The overall incidence of
feeding intolerance was low in our study, and no difference
was observed between the groups. Meconium-induced
gastritis leading to vomiting and feeding intolerance was not
a common finding in either group of our study, and needs to
be evaluated in a wider group. Though, we did not come
across any serious complications of gastric lavage in our
study, majority of the neonates were not comfortable during
the procedure as indicated by high rate of retching and

WHAT IS ALREADY KNOWN?

• Delivery room gastric lavage reduces feeding intolerance, and is often claimed to decrease respiratory
distress in neonates born through meconium-stained amniotic fluid (MSAF).

WHAT THIS STUDY ADDS?

• Gastric lavage in late preterm and term neonates delivered through MSAF did not affect achieving exclusive
breastfeeding, though it delayed the initiation of skin-to-skin contact in delivery room and reduced its total
duration.

occasional vomiting and desaturation. Stringent monitoring
was lacking in prior trials, except one [6], and most of them did
not report any adverse events [2-6].

The major strength of our study was the meticulous
observation by pulse oximetry during the procedure of
gastric lavage, and strict monitoring during hospital stay.
However, there is a possibility that the study was not
powered enough to detect a difference of less than 25% in
exclusive breastfeeding rate. This effect size for sample size
calculation was chosen based on the assumption that gas-
tric lavage would hinder the initiation of skin-to-skin contact,
which in turn would lead to lower exclusive breastfeeding
rates during hospital stay [27]. However, skin-to-skin contact
was not practiced during cesarean deliveries in our unit,
which could have attenuated the effect of gastric lavage in
the overall population. Additionally, we could not study the
effect of gastric lavage in non-vigorous neonates due to the
small numbers (n=5). Though MSAF may be associated
with delivery of more preterm neonates (around 5%
deliveries below 33 weeks in high income countries [28]), our
study did not include them and so the results may be
considered only for neonates born at  ≥34 weeks.

Gastric lavage in late preterm and term neonates delivered
through MSAF did not affect the attainment of exclusive
breastfeeding. Moreover, it delayed the initiation of skin-to-
skin contact in delivery room and reduced its total duration.
Further, it did not reduce the incidence of respiratory
distress, feeding intolerance, and other in-hospital morbi-
dities. Thus, based on this trial, the procedure of routine
gastric lavage appears unwarranted in neonates born
through MSAF.

Ethics clearance: Institute Ethics Committee, AIIMS, Rishikesh;
No: AIIMS/IEC/21/53/12/02/2021 dated Feb 12, 2021.
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manuscript. All authors approved the final manuscript as
submitted and agree to be accountable for all aspects  of the work.
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Web Table 1: Subgroup-wise analysis of the rate of exclusive breastfeeding 

Variables Gastric 
lavage  

No gastric 
lavage  

p-value 

Among neonates born at term (gestational age ≥37 wk) (N = 94) 
Achieved exclusive breastfeeding at 
72 ±12 h, n (%) 

45 (93.8) 
(n = 48) 

41 (89.1) 
(n = 46) 

0.422a (NS) 

Among neonates born late preterm (gestational age 34-36 wk) (N = 16) 
 
Achieved exclusive breastfeeding at 
72 ± 12 h, n (%) 

4 (57.1) 
(n = 7) 

7 (77.8) 
(n = 9) 

0.377a (NS) 

Among neonates born vaginally (n = 27) 
Achieved exclusive breastfeeding at 
72 ± 12 h, n (%) 

9 (90) 
(n = 10) 

16 (94.1) 
(n = 17) 

0.693a (NS) 

Among neonates born by LSCS (N = 83) 
Achieved exclusive breastfeeding at 
72 ± 12 h, n (%) 

40 (88.9) 
(n = 45) 

32 (84.2) 
(n = 38) 

0.531a (NS) 

Among neonates born through thick MSL (N = 61) 
Achieved exclusive breastfeeding at 
72 ± 12 h, n (%) 

28 (90.3) 
(n = 31) 

27 (90) 
(n = 30) 

0.966a (NS) 

Among neonates born through thin MSL (N = 49) 
Achieved exclusive breastfeeding at 
72 ± 12 h, n (%) 

 21 (87.5) 
(n = 24) 

 21 (84) 
(n = 25) 

 0.726a (NS) 

IQR – Interquartile range, LSCS – Lower section Cesarean section, MSL – Meconium-stained 
liquor, NS – Not significant, aChi-square test 
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Early nutrition in premature babies has long
lasting benefits in form of improved neuro-
developmental outcomes [1], with prolonged
parenteral nutrition having its own demerits [2].

Guidelines advocate starting enteral nutrition as soon as a
neonate is hemodynamically stable [3]. A functional suck-
swallow-breathe pattern that allows for safe oral feeding is
not present until 32 to 34 weeks postmenstrual age [4], and
therefore tube feeding has been the gold standard of care.
Infant feeding tube can be put through nose (nasogastric
tube) (NGT) or mouth (orogastric tube) (OGT) and neonatal
units have their preference depending upon the benefits
and harms associated with these routes [5]. Naso-gastric
tubes are easier to fix but they may increase airway
resistance thereby increasing the possibility of more apneas,
bradycardias and desaturations [6-8]. Their pro-longed use
may lead to oral aversion. In a small study, babies with
nasogastric tubes reached full feeds earlier than the
orogastric group [9]. NGT feeding was associated with
higher fluctuations in regional saturations (crSO2) and higher
preterm infant pain profile (PIPP-R) scores as compared to
OGT in a small study [10].

Since premature neonates are obligate nasal breathers,
orogastric tube feeding may be associated with lesser
chances of apnea, bradycardia and desaturation. Orogastric
tube  sometimes may provoke bradycardia because of vagal
stimulation and their prolonged use is associated with
palatal grooving. A recent systematic review included three
quasi-randomized and randomized trials and concluded that

Nasogastric vs Orogastric Feeding in Stable Preterm (≤≤≤≤≤32 Weeks)
Neonates: A Randomized Open-Label Controlled Trial
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Background: Optimal route of tube feeding in preterm babies is
not known.
Objective: To compare the frequency of bradycardia and desatu-
ration episodes/hours in hemodynamically stable preterm neo-
nates (≤32 wk gestational age) fed by nasogastric vs orogastric
route.

Design: Randomized controlled trial.
Participants: Hemodynamically stable preterm neonates (≤32 wk
gestational age) requiring tube feeding.
Intervention: Nasogastric vs orogastric tube feeding.

Primary outcome: Number of episodes of bradycardia and
desaturations/hour.
Methods: Eligible preterm neonates fulfilling the inclusion criteria
were enrolled. Each episode of insertion of a nasogastric tube or

orogastric tube was labelled as a feeding tube insertion episode
(FTIE). FTIE lasted from the time of insertion of tube till the time tube
needed to be changed. Reinsertion of the tube in same baby was
taken as a fresh FTIE. 160 FTIEs were evaluated during the study
period, 80 FTIEs each in babies with gestational age <30 weeks
and ≥30 weeks. Number of episodes of bradycardia and
desaturation per hour were computed using records in the monitor
till the time tube was in situ.
Results: The mean episodes of bradycardia and desaturations/
hour [mean difference (95% CI)  0.144 (0.067-0.220); P<0.001]
were higher in FTIE by nasogastric as compared to the oro-gastric
route.

Conclusions: Orogastric route may be preferable to the
nasogastric route in hemodynamically stable preterm neonates.
Keywords: Apnea, Bradycardia, Desaturation, Tube feeding.
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there is insufficient evidence to support or refute use of one
route over the other [11]. In the present study, we compared
two feeding methods of tube feeding with respect to adverse
effects. We hypothesized that the orogastric route for enteral
feeding in preterm ≤32 weeks hemodynamically stable
premature babies, who do not require respiratory support,
decreases the frequency of bradycardias and desaturations/
hour as compared to the nasogastric route.

METHODS

This was a prospective, open-label randomized controlled
trial conducted at the neonatal intensive care unit (NICU) of
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Max Superspeciality hospital, Patparganj, Delhi from
September, 2015 to March, 2017. Hemodynamically stable
preterm neonates (≤32 weeks gestational age) needing tube
feeds, who were not receiving respiratory support (conti-
nuous positive airway pressure (CPAP)/heated humidified
high flow nasal cannula (HHHFNC)/ventilation), were
eligible. Neonates born at >32 weeks gestational age, having
congenital malformations or chromosomal abnormalities,
necrotizing enterocolitis, severe intraventricular hemorrhage
(grade 3 or 4) were excluded. After obtaining a written
informed consent from the parents, eligible participants were
enrolled. Ethical clearance was obtained from institutional
review board of the hospital. The trial was registered with
clinical trials.gov.

A web-generated, stratified (GA <30 weeks and  ≥30
weeks) randomization sequence with variable block sizes
(www.sealedenvelope.com) was used to randomize the
eligible neonates into two groups. A person not involved in
the study performed the random number allocation. The
allocation was concealed in serially numbered opaque,
sealed envelopes with two alphanumerical codes. Owing to
the nature of the study, blinding was not feasible.

Each episodes of insertion of either NGT or OGT were
labelled as feeding tube insertion episodes (FTIE). FTIE
lasted from the time of insertion of tube till time tube needed
to be changed because of any reason (looping in mouth,
sticking tape is loose, baby needing respiratory inter-
vention, baby is transitioned to direct feeds or nurse
preference). Tube was kept in situ unless it was necessary to
change it because of above mentioned reasons. Duration of
stay of tube was recorded in number of hours. Reinsertion of
tube in same baby was taken as fresh FTIE. Tube insertion
was done by trained NICU nursing staff.  A 5F infant feeding
tube was used for babies weighing <1000 g. For babies with
weight between 1000-1500 g, 6F infant feeding tube was
used. Length of NGT/OGT insertion was calculated by
distance from bridge of nose to ear lobe and then from ear
lobe to midway between xiphisternum and umbilicus (nose-
ear-mid-umbilicus, NEMU) [12]. Correct tube placement was
checked by first aspirating and then pushing in 2 mL air and
listening by stethoscope placed at the left hypochondrium.

The primary outcome of the study was the number of
episodes of bradycardia and desaturation/hour. The
secondary outcome was duration of stay of tube (hours). We
defined bradycardia as heart rate <100/min and desaturation
as SpO2 <85% for our study. Alarms on the multi-function
monitors (Philips MP 20 Neonatal) were set with the lower
limit of heart rate as 100/min and a lower limit of saturation as
85%. The monitors used signal extraction technology. Epi-
sodes were recorded on a form, kept at the bedside by the
duty nurse. Each time the monitor gave an alarm for

desaturation and/or bradycardia, the nurse checked the baby
and the monitor. If the waveform was regular and the probe
was attached properly to the baby, the episode was recorded.
The total number of episodes was calculated till the time tube
was in situ. Since the duration of NG and OG tubes may vary,
the number of episodes of bradycardia and/or desaturation
episodes/hour were compared.

Standardized feeding protocol was followed in the unit.
Two-hourly feeds were given. For babies with birth-weight
<750 g, feeds were initiated at 10 mL/kg/day and advanced at
a rate of 20 mL/kg/d depending upon tolerance. For babies
with birthweight between 750-1000 g feeds were initiated at
20 mL/kg/d and advanced at 20 mL/kg/d. For babies with
birthweight between 1001-1500 g, feeds were initiated at 20
mL/kg/day and advanced at 30 mL/kg/day. Pre-feed abdo-
minal circumference was taken by paper tape. If it increased
by more than 2 cm, aspiration of gastric content was done. If
aspirates were abnormal (bilious/bloody), feeds were
stopped for at least 48 hours. If aspirates were milky,
subsequent feeds were decided on the basis of volume. If the
volume of aspirate was <50% of the previous feed, the same
amount was continued. If the volume was >50%, feeds were
withheld. Prophylactic caffeine was used for babies  <1000 g
and/or ≤30 weeks for the prevention of bronchopulmonary
dysplasia. In babies 1000-1500 g and/or 31-34 weeks, caffeine
was started when baby had apnea.

As per the unit protocol, nurse to neonate ratio was 1:1
for extremely low birth weight, ventilated/CPAP babies and
1:2 for stable babies not needing any respiratory support. For
babies enrolled in the study, we provided 1:1 nurse-to-
neonate ratio.

In a previous study [13], the median episodes of brady-
cardia and desaturation in feeding via nasogastric route were
1.6 episodes/hour [13]. Standard deviation was calculated as
1.35 using the confidence interval provided. With an aim of
detecting a difference of 50%, at two-sided 5% level of
significance and power of 80%, a sample size of 23 FTIE for
each group was needed. We took a larger sample size of 80 for
each group.

Statistical analysis: Statistical analysis was done by SPSS
20. Patient data were analyzed as per their assigned group
(Intention to treat). For continuous variables, Student t test
was applied. Chi-square test and Fischer exact test were used
to analyze categorical variables.

RESULTS

During the enrolment period (September, 2015 to March,
2017), 50 neonates were admitted to the NICU who were
potentially eligible for the study. Of these, 21 babies were
stratified in to two groups viz., gestational age <30 weeks
and gestational age of 30-32 weeks (Fig. 1). A total of 160 FTIE
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were done as per randomization sequence with 40 FTIE of
each type in each group. The mean (SD) gesta-tional age and
birth weight was 29.3 (2.3) weeks and 1112.5 (450) g,
respectively. The mean (SD) postmenstrual age at enrolment
was 31.3 (1.8) weeks. The mean (SD) number of bradycardia
episodes were 3.8 (3.8), and desaturation episodes were 4.04
(4.8) in the study population (Table I).

The mean episodes of bradycardia and desaturations/
hour were significantly lower [MD (95% CI) 0.144 (0.067-
0.220); P<0.001] in the OGT group as compared to the NGT
group (Table II). This translates to approximately 3.5 (1.6-5.3)
lesser episodes of bradycardia and desaturations in 24 hours
in the orogastric group. The effect was also consistent in
babies with gestational age below 30 weeks [MD (95% CI)
0.241 (0.093-0.388); P=0.002]. In babies with gestational age
≥30 wks, combined episodes of bradycardia and desatu-
ration were again less in OGT as com-pared to NGT [MD
(95% CI) 0.047 (0.009-0.084); P=0.002]. However, when we
looked for only bradycardia episodes, no difference was
observed.

The mean (SD) duration of tube stay was similar whether
it was put through the nasogastric or orogastric route [31.9

(7.5) vs 31 (6.1) hours], the mean difference (95% CI) found
was 0.9 hours (-1.3 to 3.0). Tube displacements were similar in
both groups. Reasons for tube change like self-pulling by
baby, and loosening of sticking tape were similar in both
groups. In the orogastric group, maximum tubes were
changed because of loop formation. No unintended harms or
events were seen in the study related to the intervention.

DISCUSSION

Our study tested orogastric feeding vs nasogastric feeding
to assess clinical outcomes in form of episodes of desatu-

Table I  Baseline Characteristics of Neonates Receiving
Nasogastric or  Orogastric Tube Feeding (N=21 babies)

Patient characteristics GA <30 wk, GA 30-32 wk,
n=13 n=8

FTIE 80 80
Gestational age (wk) a 27.5 (2.3) 30.2 (1.5)
Male sex 8 (61.5) 3 (37.5)
Birthweight (g)a 1017.53 (300) 1208 (350)

Values in no (%) or amean (SD). FTIE: feeding tube insertion episodes.

NEC: necrotizing enterocolitis; IVH: intraventricular hemorrhage; CPAP: continuous positive airway pressure.

Fig. 1 Flow of patients in the study.

Assessed for eligibility (n=50)

Excluded (n=29)
Sepsis, NEC, IVH (n=8)
Severe congenital malformation (n=2)
Transfer to other hospital (n=5)
Early death (n=4)
Did not give consent (n=10)

Enrolled (n=21)
160 Feeding tube insertion episodes

in these babies

↓
↓ ↓

Gestational age <30 wk (n=13 babies) Gestational age ≥30 wk (n=8 babies)

↓ ↓
Randomization (n=80 FTIE) Randomization (n=80 FTIE)

Nasogastric (n=40) Orogastric (n=40)

CPAP - 4
Ventilated - 2

Completed
episodes (n=34)

→ →

↓
↓ ↓

CPAP - 0
Ventilated - 2

Completed
episodes (n=38)

Nasogastric (n=40) Orogastric (n=40)

CPAP - 1
Ventilated - 0

Completed
episodes (n=39)

→ →

↓
↓ ↓

CPAP - 0
Ventilated - 0

Completed
episodes (n=40)
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have missed clinically non-relevant short apnea episodes
since we used only pulse oximetry.

 In clinical practice, we do not treat each and every
episode of apnea. However, desaturations and bradycardia
episodes picked up on monitor warrant treatment based on
unit guidelines. So, we feel that our study results may be
more relevant in clinical practice. Post hoc analysis suggests
that our study was underpowered to detect an observed
difference of 0.144 episodes/hour, and could only detect a
reduction of 0.5 episodes/hour in the oro-gastric group (30%
reduction) with 90% power.

We observed similar average duration of stay of tube
irrespective of the route used. We tend to not change the
tube after a predefined time and keep it as long as it lasts.
Tube displacement was also similar in both groups in our
study. A recent study of 26 neonates showed lesser fre-
quency of tube displacement in NGT group as compared to
OGT group [15]. There was no difference in time to regain
birth weight, time to full feeds, and frequency of adverse
events in that study [15]. In a recent study [10], NGT feeding
was associated with higher preterm infant pain profile (PIPP-
R) scores as compared to OGT. We did not check pain scores
associated with insertion of tubes in our study. Babies in
NGT group are reported to reach full feeds earlier than babies
in OGT group [9]. We did not look for time taken to reach full
feeds in the two groups owing to the design of the study.

We found babies in the OGT group to have lesser
desaturation and bradycardia episodes as compared to NGT
in preterm neonates. However, our study may be under-
powered to detect these differences. Randomizing one baby
multiple times was a major limitation of the study.  Rando-
mized controlled trials with improved methodology are
needed to conclude superiority of one method over the other.

Ethics clearance: IEC, Max Superspeciality hospital, Patparganj;
No. TS/MSSH/BMDRC/PEDIA/IEC/15-07 dated Oct 14, 2015.
Contributors: NPG: conceptualization, planning and monitoring
the study and drafting the manuscript; ZSA: data collection and
analysis; RM: data collection and analysis, writing of manu-script;
SK: supervision and critical input; CJ, KR: data collection and
analysis. All authors approved the final version of manu-script, and
are accountable for all aspects related to the study.
Funding: None; Competing interests: None stated.

ration and bradycardia in hemodynamically stable preterm
babies of ≤32 weeks gestational age not requiring any
respiratory support. Fewer adverse events (bradycardia and
desaturation episodes) were seen in orogastric route as
compared to nasogastric route in our study. Nasogastric
tube is easy to put and easy to fix. However increase in nasal
resistance and total airway resistance has been associated
with NGT [6-8]. More increase in airway resistance was
observed when nasogastric tube was put through larger
bore nostril as compared to smaller one [6].  Few studies have
demonstrated increase in airway resistance while putting
NGT [7]. The adverse effects of NGT on respiratory function
compromise persist even after a week of NGT placement [8].
There was no apparent clinical compromise seen in a study
assessing acute effects of NGT and OGT placement on
respiratory function assessed by pneumotachography [7].
However, infants weighing less than 2 kg demonstrated
diminished minute ventilation and respiratory rate and had
increased pulmonary resistance, resistive work of breathing,
and peak transpulmonary pressure change with NGT as
compared to OGT placement [7].

In another study [8], on seventh day of tube insertion, a
significantly lesser number of central apneas and lesser
periodic breathing was found in oro-enteric with palatal
appliance tube [8].  We had similar observations. Another
study involving 10 neonates showed significantly lower
mean oxygen saturations in NGT group while passing the
tube and 10-30 minutes after putting the tube [14]. Increase in
airway resistance could attribute to more adverse events in
nasogastric route as compared to the orogastric route, as also
observed in our study. Bornhorst, et al. [13] enrolled spon-
taneously breathing preterm babies <32 weeks gestational
age with history of apnea and desaturation or bradycardia. It
was a crossover trial where 12 hours of orogastric route was
compared to nasogastric route in terms of desaturation
episodes (<80%) and episodes of apnea and bradycardia (<2/
3 of baseline). No added advantage of orogastric route over
nasogastric was found in this trial. Their results are in
contrast with ours. The discrepancy in findings could be
explained by differences in way of monitoring adverse
events. By using thoracic belt and nasal flow, every apnea
episode would have been picked up. In our study we might

Table II Episodes of Bradycardia and Desaturations in Neonates Receiving Nasogastric  or Orogastric Tube Feeding

Events Nasogastric tube group Orogastric tube group Mean  difference P value
(n=80) (n=80) (95% CI)

Episodes of bradycardia 0.38 (0.426) 0.14 (0.194) 0.24 (0.093-0.388) 0.002
and desaturations/h
Bradycardia episodes/h 0.17 (0.187) 0.09 (0.112) 0.08 (0.012-0.152) 0.021
Desaturation episodes/h 0.22 (0.262) 0.05 (0.104) 0.16 (0.072-0.253) 0.001
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Objectives: We describe our experience with use of midline catheters in PICU and compare
the performance of midline catheters to peripherally inserted central catheters (PICC).
Methods: A review of hospital records was done to including all pediatric patients admitted in
the pediatric intensive care unit of a tertiary care centre who underwent placement of midline
catheters or PICC, over a period of 18 months (July, 2019 to January, 2021). Patient details,
indication, type of catheter and number of attempts at insertion, type and number of infusions
administered, dwell time and complications were retrieved from the records. Comparison
was made between the midline and PICC groups.  Results: The median (IQR) age of
children was 7 (3-12) years (75.5% males). 161 midline catheters and 104 PICC were
inserted with first attempt success rates of 87.6% and 78.8%, respectively. Median cubital
vein was used for majority of the insertions (52.8%). Common complications with midline
catheters were pain (n=9, 5.6%), blockage (n=8, 5%) and thrombophlebitis (n=6, 3.7%).
Median (interquartile range) dwell time in midline group was 7 (5-10) days. The duration of
backflow and dwell time were higher in the PICC group compared to midline group (5.5 vs 3
days; P<0.001 and 9 vs 7 days; P<0.001, respectively).  Conclusion: Retrospective data
showed that midline catheters had good utility in PICU, especially in moderately sick children
(PRISM score up to 12), and provide a secure intravenous access, which can last for a week.
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Securing a venous access for administration of
continuous/vesicant medications in the pediatric
intensive care unit (PICU), traditionally implies
insertion of a central venous catheter (CVC). With

the availability of newer catheters and point-of-care ultra-
sonography, large veins of the upper arm (basilic, brachio-
cephalic and median cubital veins) have become an option
for insertion of peripherally inserted central catheters
(PICC). PICCs can serve as an alternative for CVC in certain
patients especially for difficult venous access and other
short-term indications. Insertion of midline catheters follow
the same principles as PICCs, but there are very few studies
on its utility in pediatrics [1]. A midline catheter is a long
peripheral catheter inserted in the upper limb whose tip lies at
or just proximal to the axilla. It is usually inserted using
Seldinger technique and can be placed directly or using
ultrasound guidance. Unlike PICC/CVC, the midline
catheter tip terminates outside the great intrathoracic vessels,
hence it is believed to have lesser associated complications.
Studies in adults have reported better patient experience with
midline catheters compared to PICC along with a decreased

incidence of complications such as deep vein thrombosis and
catheter-related infections [2,3].

A midline catheter by virtue of its positioning in a larger
vein can last longer than a peripheral venous catheter (PVC).
PVCs in PICU setting are short-lived due to their small
calibre, accidental dislodgement and use of electronic/
syringe pumps [4]. An adult randomized controlled trial
showed that in patients requiring more than five days of
intravenous therapy, a midline catheter strategy reduced the
need for insertion of CVC or multiple PVCs [5]. The
objective of the study was to review and compare the indica-
tions, clinical performance and complications of midline
catheters and PICC as they were utilised in the PICU of our
hospital.

METHODS

This was a retrospective observational study in patients aged
<17 years who underwent placement of midline catheters or
PICC in the 8-bedded PICU in our hospital from July, 2019
to January, 2021. All consecutive patients who underwent
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placement of midline catheters and PICC were enrolled. The
catheters were inserted by PICU consultants/or resident
trainees with a minimum prior experience of >100 line
insertions. The catheters were placed as per the unit protocol.
Written informed consent of the parent/guardian was
obtained prior to the procedure. The study was approved by
the hospital’s institutional review board.

The veins of the arm and elbow (median cubital, basilic,
brachiocephalic) were used for placement of the catheter.
Vein and device were selected by intensivist who made his/
her decision based on the vein calibre and available devices.
The selected vein was punctured within 1-1.5 inches above
or below the antecubital fossa. If the vein was well palpated
or visible, insertion was attempted without ultrasonic
guidance. If the vein was difficult to discern at the outset,
Ultrasound (USG) guided insertion was attempted. After
identifying insertion site, the sterile field was prepared using
2% chlorhexidine solution. USG probe was wrapped using a
sterile sheet and covered with a transparent sterile dressing
for sterility. Seldinger’s technique was used for insertion.
Catheters were fixed with 3-0 sutures and entry site covered
with transparent sterile dressing. Post procedure radiograph
was done to confirm the position of the tip of catheter.

The demographic details, PRISM-III score at admission
and indication for PICC/midline insertion were noted.
Indications for catheter placement were recorded as
mentioned in procedure form: i) Difficult venous access:
defined as 3 or more failed attempts at securing PVC; ii)
Administration of vesicant/hyperosmolar drugs (including
vasoactive drugs); iii) Anticipated prolonged intravenous
therapy requirement >7 days; and iv) Requirement of
continuous infusions >48 hours [6,7]. The size (2F/5F),
length of catheter (8 cm, 20 cm, 40 cm) and number of
attempts for insertion were recorded. Type and number of
infusions administered, successful sampling duration (days),
dwell time and compli-cations were noted. Dwell time was
counted as number of days between the date of removal and
date of insertion. Premature catheter removal was defined as
removal of catheter before indication of intravenous therapy
had ceased. The complications noted included blockage,
pain, leak, thrombophlebitis, bleeding, swelling, venous
thrombosis and positive blood culture. Need for additional
CVC/midline/PICC during PICU stay was recorded. All the
above information was obtained from the daily checklists in
the patient hospital record.

Statistical analysis: SPSS version 24 was used for statistical
analysis. The midline catheter group was compared to the
PICC group. Quantitative parameters were expressed as
mean (SD). Categorical data were expressed as proportions
and percentage. Mann-Whitney U test was used for testing of
median between independent groups. Chi square test was

used for testing of associations. P-value<0.05 was consi-
dered statistically significant.

RESULTS

During the study period, 161 midline catheters and 104
PICCs were inserted. Catheter insertion success was 98.2%

Table I Patient and Catheter Characteristics in Children
With Midline Catheters and Peripherally Inserted  Central
Catheters (PICC)

Characterstics Midline PICC
(n = 161) (n = 104)

Male genderb 114 (70.8) 86 (82.7)
Age (y)a,c 10 (7,14) 3 (1,5.5)
PRISM-IIIa 11 (8,14) 12 (8,18)
INR at insertiona 1.2 (1.1,1.3) 1.2 (1.1,1.4)
Platelet at insertion 109/La 145 (680, 275) 142 (107, 311)
Indication

Difficult IV access 23 (14.3) 12 (11.5)
Vesicant /hyperosmolar 87 (54) 60 (57.7)
drug  administration
Prolonged IV line requiredb 41 (25.5) 44 (42.3)
Continuous infusion 49 (30.4) 7 (6.7)
requirementc

Vein
Median cubital 90 (55.9) 50 (48.1)
Basilic 57 (35.4) 46 (44.2)
Brachiocephalic 14 (8.7) 8 (7.7)

Device insertedc

2F 8 cm 28 (17.4) 0
2F 20 cm 133 (82.6) 67 (64.4)
5F 40 cm 0 37 (35.5)

First attempt insertion 141 (87.6) 82 (78.8)
successb

USG guided 40 (24.8) 49 (47.1)
Continuous infusions

3% Normal saline 8 (5) 1 (1)
>12.5% dextrose 9 (5.6) 6 (5.8)
N-acetyl cysteine 11 (6.8) 9 (8.7)
Vasoactive infusions 12 (7.5) 7 (6.7)
Intralipid/amino acids 5 (3.1) 7 (6.7)
Bicarbonate 4 (2.5) 4 (3.8)
20% Albumin 44 (27.3) 31 (29.8)
Intravenous immuno- 26 (16.1) 16 (15.4)
globulin
Sedation/analgesia 8 (5) 5 (4.8)

Premature removald 25 (15.5) 25 (24)

Values are no. (%) or amedian (IQR), bP<0.05, cP<0.001, ddue to line
issue.CVC: central venous catheter, PRISM-III: Pediatric risk of
mortality III score, INR: international normalized ratio, IV: intravenous,
USG: Ultrasound.
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and 97.1% for midline and PICC respectively. In the two
groups  (midline and PICC), age and gender differences were
present; however, PRISM-III and blood coagulation para-
meters were similar (Table I). While type of indications
differed, administration of vesicant/hyperosmolar infusions
was most common, accounting for 54% and 57.7% of
catheter insertions in midline and PICC group respectively.
121 insertions (75.2%) were without USG guidance. Use of
USG was higher and first attempt success lower in PICC
group (Table I). The most common continuous infusion
administered through midline catheter was 20% albumin
(n=44, 27.3%). Among the complications, the incidence of
local site bleeding, blockage, and blood stream infections
(BSI) were higher in PICC compared to midline group
(Table II).

The median duration of backflow (for laboratory draws/
successful sampling) was significantly longer in PICC
compared to midline group [5.5 (4-7.5) vs 3 (2-4) days;
P<0.001]. Median dwell times were also longer in the PICC
group [9 (7-13) vs 7 (5-10) days; P<0.001] (Fig. 1).

Within the midline group, the mean (SD) PRISM-III
score of the subset of patients who required additional lines
(CVC/midline/PICC) during PICU stay was significantly
higher than those who were managed with midline catheter
alone [19.7 (6.9) vs 11.2 (5.6); P< 0.001]. Similarly, in the
PICC group, those requiring additional lines had higher
mean (SD) PRISM-III score compared to the rest [20.8 (5.6)
vs 12.6 (6.2); P<0.001. Also patients in whom midline/PICC
was used as a step down access from CVC, had a higher

mean (SD) PRISM-III score compared to the non-step down
group [20.4 (6.7) vs 11.7 (5.7); P<0.001].

DISCUSSION

Our findings suggest that midline catheter served as a reliable
venous access device in children admitted to PICU. We
observed that midline catheters were comparable to PICCs in
several aspects.

There are no clear recommendations for administration
of vesicant/irritant medications through midline catheters.
Recent studies suggest that CVC placement, solely based on

Table II Complications in Children With Midline Catheters
and Peripherally Inserted  Central Catheters (PICC)

Complication Midline PICC P value
catheters (n=104)
(n=161)

Arterial puncture 1 (0.6) 2 (1.9) 0.32
Dislodgement 2 (1.2) 1 (1) 0.83
Leak 5 (3.1) 1 (1) 0.25
Local site bleeding 3 (1.9) 10 (9.6) 0.004
Pain during use 9 (5.6) 3 (2.9) 0.30
Extravasation/swelling 5 (3.1) 3 (2.9) 0.92
Blockage 8 (5) 12 (11.5) 0.05
Visible thrombophlebitis 6 (3.7) 3 (2.9) 0.71
Blood stream infection 1 (0.6) 7 (6.7) 0.005

Values expressed as no. (%).

Fig. 1 Dwell time and duration of successful sampling (days) in midline catheter and peripherally inserted central catheter groups.
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pH of drug infusion is not necessary and midline catheters
can be used instead [9]. Midline catheters have been used
successfully for vasoactive agents [10]. As the midline
catheter tip is near the axilla, it allows for more hemodilution
of administered medications compared to PVC. Thus the
probability of chemical phlebitis and patient discomfort with
drug administration is lesser than in a PVC [11].

First attempt success was higher with midline catheter
insertion compared to PICC. This is probably because in the
smaller sized patient, it is difficult for the guide wire to pass
through the curvature of the vein and cross the shoulder area,
which makes PICC insertion more difficult. Since the tip of
midline catheter terminates at shoulder, the insertion process
is easier. The younger age of the PICC compared to midline
group (3 vs 10 y) may have also influenced the lower first
attempt success and higher USG use in the former.

We observed that PICC had an advantage over midline
catheter with respect to its longer duration of successful
sampling (6.7 vs 3.5 days). Since 2F catheters were used for
all midline catheters and a good proportion of PICC in our
study, its narrow lumen could be responsible for limiting the
duration of successful blood draws.  Catheter dwell times are
influenced by required duration of intravenous therapy
which depends on patient’s clinical condition, hence may not
truly be reflective of overall catheter’s performance. Our
study groups comprised of children with acute critical illness,
hence dwell times in both groups were short. The potential
midline catheter dwell time for chronic indications is around
28 days [2]. As compared to dwell times, premature catheter
removal rate may be a more appropriate indicator of catheter
performance. We observed a lower premature removal rate
in midline group compared to PICC group (15.5% vs 24%),
though statistically insignificant. Blockage accounted for
premature removal of 32% of midline catheters and nearly
half (48%) of PICC.

Based on our observation, it may be reasonable to
suggest the use of midline catheters in PICU patients who are
likely to need intravenous therapy for a week.  Current CDC
guidelines in adults suggest consideration of midline
catheters if the expected duration of intravenous therapy is
>6 days [12]. This estimation may not always be easy at the
outset in a sick pediatric patient.

Complications were nearly same in both groups with few
exceptions. Local site bleeding was higher in PICC group

which could probably be attributed to use of more wide
calibre catheters in that group. The incidence of catheter
obstruction and BSI were also higher in the PICC group.
Similar observations have been noted in adults [13,14].  Only
one patient in our midline group had a BSI. This is consistent
with previous studies which have reported low incidence of
BSI with midline catheters [15].

One interesting finding in our study was that patients who
were managed with either midline or PICC alone had signi-
ficantly lower PRISM scores than those in whom additional
lines (CVC/midline/PICC) were needed. Thus, based on our
data, it appears that the practical utility of midline/PICC in
PICU seems to be mainly  for those with PRISM-III scores of
up to 12. CVC can be avoided in such patients who can be
managed with midline/PICC alone. This would have several
advantages including lack of need for procedural sedation,
lesser complications and cost-effectiveness [16]. Also,
radiographic confirmation is not necessary for midline
catheters. Since the relevance of central venous pressure
monitoring in septic shock has decreased in recent times,
midline catheter is a good alternative to be considered in
cases where there is no absolute indication for CVC [17].

We acknowledge that our study is retrospective and there
could have been some selection bias as decision to insert
midline catheters/PICC was clinician dependent. However,
despite few differences in patient characteristics, PRISM-III
scores, coagulation parameters, type of infusions adminis-
tered were similar, hence comparison of catheter perfor-
mance is clinically relevant. More studies are required to
further clarify the indications for midline catheters in PICU.
Presently, evidence-based guidelines for selection of such
pediatric venous access devices are sparse.

Based on this retrospective data, it appears that midline
catheters have good utility in PICU, especially in moderately
sick children, providing a secure intravenous access which
can last for a week. Midline catheters are functionally similar
to PICCs in several ways, and were associated with lesser
complications. Early consideration of midline catheters in
PICU in select patients should be encouraged.
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WHAT THIS STUDY ADDS?

• Midline catheters were found to be safe in moderately sick children in the intensive care unit,  providing a secure
venous access for up to a week.
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Association of Thrombotic Markers With Severity of Pediatric-Onset
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Objective: To assess the relation of thrombotic markers, thrombomodulin and D-dimer levels
to the disease severity in pediatric onset systemic lupus erythematosus (p-SLE) measured
by the Systemic Lupus Erythematous Disease Activity Index (SLEDAI). Methods: 40
children with p-SLE were grouped according to SLEDAI into: low activity SLE group (laSLE)
and moderate-high activity SLE group (mhaSLE). 40 healthy children were included as
control group. Serum thrombomodulin, and D-dimer levels were measured for all enrolled
children. Results: The low activity and moderate-high activity SLE groups had significantly
higher mean (SD) thrombomodulin [7.2 (1.83) mg/mL and 9.86 (3.29) mg/mL, respectively vs
5.85 (1.41) mg/mL; P<0.001] and D-dimer (r=0.42, P=0.006)  levels than controls.
Furthermore, the mhaSLE group had significantly higher thrombomodulin levels and D-dimer
(r = 0.42, P= 0.006) levels than the laSLE group (P=0.008 and 0.006). Thrombomodulin and
D-dimer had significant positive correlations with SLEDAI. Conclusion: Thrombomodulin
and D-dimer are valuable markers for p-SLE activity, discriminating children with severe
disease activity from those with low disease activity.
Keywords: D-dimer, Pediatric lupus activity, Thrombomodulin.
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Pediatric onset systemic lupus erythematosus (p-
SLE) is a multisystem autoimmune disease
occurring before age 16 and is usually graver
compared to adult-onset lupus [1].  Many factors,

such as genetic predisposition, environmental factors, and
hormones, influence the onset and course of the disease [2].
Thrombosis in systemic lupus erythematosus (SLE) is a
recognized phenomenon. Several factors are associated with
hypercoagulation, such as anti-phospholipid antibodies,
inflammation, and thrombophilic factors, such as protein C,
protein S, and antithrombin deficiencies [3,4].

Thrombomodulin, an endothelial membrane glyco-
protein in an intact endothelium, interacts with thrombin
activating protein C, ensuring blood fluidity and natural
anticoagulation. In endothelial damage, thrombomodulin is
released into circulation, and protein C activation is
impaired, aggravating hypercoagulability and thrombotic
tendency in many diseases [6]. Studies indicate that thrombo-
modulin plays a crucial role in the modulation of pathologic
conditions such as thrombosis, atherosclerosis, cancer, and
stroke [7,8]. D-dimer is an end-product of fibrin degradation,
which can be used to screen for venous thrombo-embolism
[9]. However, other conditions show elevation of D-dimer,
such as aging, cancer, atherosclerosis, and any condition with
systemic inflammation [10,11].

We studied the relationship between thrombotic
biomarkers and disease severity in pediatric SLE by
assessing thrombomodulin and D-dimer levels, and relating
them to disease severity measured by the Systemic Lupus
Erythematous Disease Activity Index (SLEDAI).

METHODS

This cross-sectional study was carried out at the pediatric
department, Minia University Children and Maternity
Hospital, Egypt from August, 2020 to January, 2022. It was
conducted on 40 children diagnosed with p-SLE attending
the pediatric rheumatology outpatient clinic at the hospital.
Another, 40 apparently healthy children were included as a
control group. All cases were diagnosed with SLE according
to the American College of Rheumatology criteria revised in
1997 [12,13].

Written informed consent was obtained from the
caregivers of the participants. This study was also approved
by Pediatric Department Council and approved by the ethical
committee of Faculty of Medicine, Minia University.

We excluded patients with primary or secondary
immunodeficiency (e.g., HIV infection) and patients taking
anticoagulants or other medicinal products affecting hemo-
static function.  The  SLEDAI was calculated for all children
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with SLE. Activity categories were defined as follows: low
disease activity (laSLE) SLEDAI ≤4; and moderate-to-high
disease activity SLE (mhaSLE), SLEDAI >4 [14].

All children who participated in this study were girls;
thus, 40 apparently healthy girls were recruited from children
attending the general pediatric outpatient clinic to represent
the control group. They were age-matched with the 40 SLE
cases and with no family history of rheumatic diseases.

Five mL of venous blood samples were withdrawn from
all enrolled children. Immediately following the veni-
puncture, the samples were centrifuged at 4000 rpm for 15
minutes. The plasma samples were stored at -80ºC till the
beginning of each analysis. Thrombomodulin level was
determined using a ELISA diagnostic kit (Bioassay Techno-
logy Laboratory). Thrombomodulin >7.8 mg/mL was consi-
dered high. The D-dimer level was determined using a
ELISA diagnostic kit (Abcam). D-dimer level <0.5 mcg/mL
was considered normal.

Statistical analysis: SPSS software version 26.0 was used for
statistical analysis. Shapiro-Wilk test was used to determine
whether the data followed a normal distribution. Mann-
Whitney was used to compare two groups regarding non-
parametric quantitative data. Kruskal-Wallis test was used to
determine statistically significant differences between two or
more groups of an independent variable on a continuous or
ordinal dependent variable. Chi-square test and Pearson
correlation coefficient test was used to test association
between  continuous variables. P was considered significant
if the value was below 0.05.

RESULTS

This study included 80 girls. They were grouped into the
following three groups: 20 girls in the laSLE  group with a
mean (SD) age of 12.8 (2.46) years, 20 girls in mhaSLE
group with  mean (SD) age of 11.9 (2.54) years), and 40 girls
in the control group (mean (SD) age of 12.3 (2.54) years).
The demographic data and results of laboratory investi-
gations of the three studied groups are shown in Table I.
Additional disease related data of the two SLE groups are
represented in Web Table I.

The two SLE groups had significantly higher mean (SD)
thrombomodulin levels  [7.2 (1.83) mg/mL and 9.86 (3.29)
mg/mL, respectively] than controls [5.85 (1.41) mg/mL] (P<
0.001). They were significantly more frequently  having  an
abnormally high thrombomodulin level than controls (35%
and 65% vs 2%; P=0.02 and P<0.001, respectively).
Furthermore, the mhaSLE group had significantly higher
mean (SD) thrombomodulin levels than the laSLE group
[9.86 (3.29) vs 7.2 (1.83) mg/mL; P=0.008]. The two SLE
groups had significantly higher D-dimer levels than the
controls. [0.58 (0.39) and 1.02 (0.5) mcg/mL vs 0.35 (0.19)

P<0.001]. Furthermore, the mhaSLE group had significantly
higher D dimer levels than the laSLE group [1.02 (0.5)  vs
0.58 (0.39) mcg/mL; P=0.006]. In addition, the two SLE
groups were significantly more likely to have an abnormally
high D-dimer level than controls (45% and 75% vs 10%;
P<0.001 and 0.03, respectively). Thrombomodulin (r =
0.342, P=0.003) and D-dimer (r = 0.42, P=0.007) had
significant positive correlations with SLEDAI.  Moreover,
thrombomodulin had a significant positive correlation with
D dimer (r = 0.621, P< 0.001).

DISCUSSION

This study explored thrombomodulin and D-dimer as
markers of hypercoagulability in children with SLE and their
relation to disease severity measured by SLEDAI. When
compared to controls, we found that SLE children had
significantly higher thrombomodulin and D-dimer levels.
Additionally, SLE children with moderate-to-high disease
activity had significantly higher levels of the two studied
thrombotic markers than those with low disease activity.
These results agreed with previous adult studies [6,15].  A
recent systemic review and meta-analysis [16] confirmed
that the circulating thrombomodulin levels in SLE patients
are increased and reflect the disease activity. This finding
suggests that hypercoagulability in SLE is more related to
inflammation and endothelial injury rather than to the
autoimmune component of the disease [15]. At the same
time, the rise in D-dimer level in SLE was imputed to
exacerbated fibrin formation in SLE due to associated tissue
inflammation [17]. Our study found that thrombomodulin
had a significant positive correlation with D-dimer, which
may be attributed to the reciprocal relationship between

Table I Laboratory Value in Children With Systemic Lupus
Erythematosis Enrolled in the  Study

Characteristic Low acti- Moderate- Control
vity group high group  group
n=20 n=20 n=40

Hemoglobin (g/dL) 8.74 (0.68) 7.75 (0.81) 11.72 (0.91)
BUN (mg/dL) 26.9 (6.54) 38.1 (6.43) 14.9 (2.06)
Creatinine (mg/dL) 0.59  (0.06) 0.75 (0.08) 0.47 (0.05)
ALT (U/L) 38.4 (5.42) 48.4 (5.77) 22.6 (3.54)
AST (U/L) 41.9 (2.84) 45.4 (6.19) 25.1 (6.09)
Thrombomodulin 7.2 (1.83) 9.86 (3.29) 5.85 (1.41)
(mg/mL)
High thrombomodulina 7 (35) 13 (65) 2 (5)
D-dimer (mcg/mL) 0.58 (0.39) 1.02 (0.50) 0.35 (0.19)
High D-dimer a 9 (45) 15 (75) 4 (10)

Values in  mean (SD) or ano. (%). Low activity group:  low SLE disease
activity, moderate-high group: moderate to high SLE disease activity,
based on Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI).
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inflammation causing endothelial injury and hyper-
coagulability in SLE [18]. Endothelial injury causes tissue
factor exposure and activation of the extrinsic coagulation
pathway, resulting in fibrin formation and contributing to
SLE thrombotic tendency [19].

Enrolling only girls, a small sample size, and being a
single-center study are the main limitations of this study.
Further studies including both sexes and on larger geogra-
phical scales and sample sizes are needed to address the
hemostatic changes and hypercoagulability in p-SLE.
Moreover, the relation of thrombomodulin and D-dimer
levels to the occurrence of thrombotic events in p-SLE
should be further elucidated.

In conclusion, thrombomodulin and D-dimer are
associated with p-SLE activity, being different in children
with severe disease activity and those with low disease
activity, which may assist in patient stratification, implemen-
ting preventive measures, and for better clinical disease
management.

Ethics clearance: Ethical committee of Faculty of Medicine Minia-
University; No. 691:11/2020, dated  Nov 1, 2020.
Contributors: SEM,SOM,MAA: design and planning of the study;
MAA: lab work; SEM,SOM,ARA: data collection, analysis of
results and preparation of drafts of the manuscript. All authors read
and approved the final manuscript.
Funding: None; Competing interests: None stated.
Note: Additional material related to this study is available with the
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WHAT THIS STUDY ADDS

• Thrombomodulin and D-dimer levels were associated with p-SLE activity, having different values in children with
disease activity and children with low disease activity.
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utism spectrum disorder (ASD) describes a
spectrum of neurobiological developmental
disabilities involving impairments such as
difficulties with social interaction and commu-

METHODS

After institutional ethics committee clearance, we conducted
this study between 1 February, 2021 and 31 September, 2021
(except periods of intermittent coronavirus disease 19
(COVID-19) related discontinuation of non-COVID
services) at a public-sector tertiary care hospital attached to a
medical college with a dedicated Child Development Centre
(CDC). Institutional ethics committee cleared the study
proposal, and a written informed consent was taken from the
parents, and assent from the children being enrolled.

A sample size of 40 in each group was calculated based
on the data from a previous study [7], which reported the
mean (SD) QoL in psychological domain in siblings of cases
and controls as 3.19 (0.52) and 3.52 (0.43), respectively. To
measure a similar difference with 95% confidence, the
sample size of 40 in each group was considered adequate.

We prospectively enrolled the typically developing
eldest child (aged 10-18 year) whose younger sibling was
suffering from ASD and attending the CDC at our hospital
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Objectives: To compare the quality of life (QoL) of adolescent siblings of children with autism
spectrum disorder (ASD-Sibs) with siblings of typically developing children (TD-Sibs), and
study the factors affecting the QoL. Methods; Between 1 February, 2021 and 31 September,
2021, 40 children aged 10-18 years, whose sibling was suffering from ASD, were enrolled
(Study group). 40 age- and sex-matched siblings of children with no clinically apparent neuro-
developmental abnormality or behavioral problem were also enrolled (Control group).
Severity of autism was assessed by using the childhood autism rating scale 2 (CARS-2)
score. QoL was assessed by a validated version of the World Health Organi-zation Quality of
Life questionnaire Brief version (WHO QoL BREF), and compared between cases and
controls using Wilcoxon rank sum test. Results: The mean (SD) age of study participants
was 13.55 (2.75) years. The mean (SD) CARS-2 score of our sample was 35.78 (5.23). Mild
to moderate autism was seen in 23 (57.5%) children, and 13 (32.5%) had severe autism. The
median (IQR) QoL in ASD-Sibs was worse than TD-Sibs in physical domain (24 (19,26) vs 32
(29,32); P<0.001), psychological domain (22 (17,23) vs 25 (23,25); P<0.001), social domain
(11 (8,12) vs 13 (11,14); P<0.001), and environmental domain (28 (26,31) vs 35 (31,35);
P<0.001). Among the ASD-Sibs, severity of the sibling’s ASD and the family’s socioeconomic
status were the only two factors significantly affecting one of the domains of QoL.
Conclusions: The observed lower QoL score in adolescent siblings of children with ASD,
more so in those whose siblings had more severe ASD, suggests the need for targeting the
family as a unit while formulating plans for holistic management of children with ASD.
Key words: Family, Management, Neurodevelopmental disorders, Stress.
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A
nication, repetitive behaviors, and restricted interests [1].
Chronic neurological disorders in children, including ASD,
place the family at a greater risk for stress, psychosocial
difficulties, and need for taking care. Siblings are more
vulnerable to these stressors than other family members due
to their attitudes, early sense of responsibility, worry about
the future, issues with friendship, and difficulty in talking
about their siblings [2]. Many studies report poor quality of
life (QoL) and increased stress in siblings of children with
ASD [3-6], but the Indian studies addressing these issues are
limited [7]. Information on QoL status of sibling is essential
to address these factors proactively, so that the physical,
mental and social well-being of the siblings is not affected
due to the child with autism. Hence, this study was
undertaken to compare the QoL in siblings of children with
ASD, with the QoL of siblings of typically developing
children, and factors affecting the same.
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(ASD-sibs group). Families with more than one child having
a neurodevelopmental disorder were excluded. For selection
of cases, parents of children diagnosed with ASD and
following up in the child development center were
approached to enquire about the presence of an older healthy
sibling at home. Families having another unaffected child
between 10-18 years of age at home were requested to bring
the sibling during the next scheduled visit (only the eldest
sibling was enrolled if there were more than one eligible
sibling). These families were approached at their next CDC
visit and informed about the study. No specific follow-up
period was considered while enrolling the patients.

A similar number of age- and sex-matched eldest siblings
of children with no clinically apparent neurodevelopmental
abnormality or behavioral problem (typically developing)
were also enrolled (TD-sibs group), from among children
attending the outpatient department or admitted in wards.
Those with no siblings, obvious chronic medical/surgical
disease affecting QoL, or clinically apparent speech or
hearing problem were excluded.

A detailed history was taken and entered in a pre-
designed study form. This form included the socio-
demographic data, and clinical details of the sibling with
ASD. Socioeconomic status was assessed using the updated
modified Kuppuswamy socioeconomic status scale [8].
Family details and past history of the enrolled adolescents
were taken, and their physical examination done. Anthro-
pometric measurements were recorded using standard
methodology according to revised Indian Academy of
Pediatrics (IAP) charts. ASD related information of the
children with autism whose siblings were enrolled, their
developmental quotient/intelligence quotient (DQ/IQ), co-
morbidities, and duration of illness were extracted from the
CDC records. Severity of autism in the siblings was assessed
by using Childhood autism rating scale (CARS-2) and
interpreted as per the manual. Based on the total raw scores
obtained, there are three levels of severity as per the CARS-2
manual: minimal or no symptoms, mild to moderate autism
and severe autism.  Past history of siblings of the adolescents
in control group was also elicited and recorded. Details of
developmental quotient/intelligence quotient of the children
with autism were taken from the patients’ records.

A single un-blinded investigator filled the pre-structured
study forms after interviewing the child as well as the
accompanying parent/parents. QoL of cases and controls
was assessed by WHO QoL-BREF [9], which has four
domains viz., Physical, Psychological, Social relationships,
and Environment. The Hindi adaptation of the tool, which
has previously been validated for Indian adolescents, was
used for the study [10]. The response to items was recorded
on a 5-point Likert scale. The participants filled the form in

the presence of their parents and the researcher. The
researcher or the parents only assisted the child for
administrative issues and did not assist the child in filling the
form. This tool took about 15-20 minutes to complete.
Domain scores were scaled in a positive direction (higher
scores denote better QoL).

Statistical analysis: Statistical analysis was done using
Statcalc of Epi Info 7 software. QoL scores were summarized
as median (IQR). Comparison of QoL between the groups
was done using the Wilcoxon rank sum test. For other
continuous variables, Student t test was used, and chi-square
test was used for discrete variables. For comparison of more
than two medians, Kruskal-Wallis test was used.

RESULTS

A total of 158 children with ASD were assessed for
enrolment, of which 107 were not fulfilling inclusion criteria
(no sibling, 48; age <10 or >18 years, 53; siblings not staying
in the same house, 6). Of the 51 eligible for enrolment, 11
children were excluded (unable to converse in Hindi, 2;
clinically apparent neurodevelopmental or behavioral
problem, 5; clinically apparent speech or hearing problem,
4), and finally 40 of these families that followed-up with the
sibling were enrolled for the study. Forty age- and sex-
matched healthy children who were attending the Pediatric
Department for acute illnesses or their accompanying
relatives were enrolled as controls.

The baseline participant characteristics of adolescents
with a sibling having autism (ASD-sibs) or with Typical
development (TD-sibs) are presented in Table I. The mean
(SD) age was 8.82 (3.10) years with 80% males. The
baseline characters of the children with ASD are presented in
Web Table I. More than a third of children with ASD (14,
35%) had comorbid global developmental delay. None of the
patients had any other diagnosed comorbidity like epilepsy
or attention-deficit hyperactivity disorder (ADHD). The
mean (SD) CARS-2 score of our sample was 35.78 (5.23),
and the majority (57.5%) had mild-moderate ASD.
Approximately one- third (32.5%) of children with ASD had
IQ/DQ in the severe delay range.

The QoL in ASD-sibs was worse than TD-sibs in all
domains (Table II). A statistically significant lower QoL was
found in the social domain (P=0.04) in children with sibling
having more severe ASD (Table III). However, no
statistically significant correlation was found between
CARS-2 scores of children with ASD and their sibling’s QoL
score: 0.069 (P=0.67), 0.15 (P=0.33), 0.26 (P=0.10), and
0.15 (P=0.33) in in physical, psychological, social and
environmental domains, respectively. Similarly, there were
no differences in QoL in sibling of children with ASD with
and without GDD/ID. There was no difference in QoL of
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Table I Baseline Characteristics of Adolescents With a
Sibling Having Autism (ASD-Sib) or With Typical
Development (TD-Sibs)

Characteristic ASD-sibs (n=40) TD-sibs(n=40)

Age (y)
10-13 20 20
14-16 11 11
16-18 9 9

Males 14 (35) 14 (35)
Nutritional status

Obese 7 (17.5) 6 (15)
Overweight 10 (25) 8 (20)
Normal 18 (45) 18 (45)
Thin 5 (12.5) 8 (20)

Education status
Never been to school 0 0
Dropped school 2 (5) 0
Going to school 37 (92.5) 37 (92.5)
Passed school 1 (2.5) 3 (7.5)

Type of family
Nuclear 31 (77.5) 29 (72.5)
Joint 9 (22.5) 10 (25)
Single parent 0 1 (2.5)

Socioeconomic statusa

Upper 4 (10) 4 (10)
Upper middle 9 (22.5) 7 (17.5)
Lower middle 9 (22.5) 5 (12.5)
Upper lower 13 (32.5) 19 (47.5)
Lower 5 (12.5) 5 (12.5)

All values in no. (%). ASD: autism spectrum disorder; as per modified
Kuppuswamy socioeconomic status scale [8].

Table II Comparison of Quality of Life (QoL) of Adolescents
with a Sibling Having Autism (ASD-Sib) or With Typical
Development (TD-Sibs)

QoL domain ASD-sibs (n=40) TD-sibs (n=40) P value

Physical 24 (19, 26) 32 (29, 32) <0.0001
Psychological 22 (17, 23) 25 (23, 25) <0.0001
Social 11 (8, 12) 13 (11, 14) <0.0001
Environmental 28 (26, 31) 35 (31, 35) <0.0001

All values in median (IQR). Higher scores depict better QoL. ASD:
autism spectrum disorder.

Table III Severity of Autism in Children and Quality of Life
in Their Siblings

QoL domain Mild ASD Moderate Severe ASD P
(n=4) ASD (n=23) (n=13) value

Physical 23 24 26 0.79
(16,25) (21,27) (19, 28)

Psychological 22 22 20 0.14
(21, 23) (14,24) (17, 22)

Social 12.5 12 9 0.04
(11,13) (10, 13)  (8, 11)

Environmental 27.5 31 27 0.17
(26,29) (26, 36) (25, 29)

All values in median (IQR). Quality of life by WHO Bref-QoL. ASD:
autism spectrum disorder.

siblings based on gender, weight and the type of family.
However, there was a statistically significant higher QoL in
ASD-sibs in the higher socioeconomic group, but only in the
physical domain (P=0.01) (Web Table II).

DISCUSSION

This cross-sectional study with matched controls compared
the QoL of unaffected siblings (aged 10-18 year) of children
with ASD (ASD-sibs) and age- and sex-matched healthy
children who had a typically developing younger sibling
(TD-sibs). We found a significantly lower QoL among ASD-
sibs than TD-sibs in all domains. Among the ASD-sibs,
severity of sibling’s ASD and the family’s socioeconomic
status were the only two factors significantly affecting one of
the domains QoL.

The finding of poorer QoL of ASD-sibs is similar to
previous studies done in various countries across the world in
the last 15 years [4-7,11]. A previous Indian study [7] done
in a similar research setting enrolled siblings of children with

chronic neurological diseases, including ASD, and reported
lower QoL in these children. A meta-analysis [6] comparing
ASD-sibs with TD-sibs, siblings of patients with intellectual
disability and siblings of patients of Down syndrome, also
reported lower QoL in ASD-sibs as compared to controls [6].
Contrary to these findings, recent studies [12] from
developed countries have reported either better [12] or
similar [13,14] QoL in ASD-sibs as compared to controls.
Among these, the study by Walton, et al. [12] (USA, 2019)
was an online surveys, and thus the reliability of information
maybe sub-optimal. The studies by Vieira, et al. [12] and
Merwe, et al. [15] employed face-to-face interview, similar
to us, but one of the reasons for the differences could be that
the sample size was smaller (15-21 participants). Another
difference between these studies and ours is the higher
proportion of severe ASD in our sample (32.5% severe
ASD). In addition, the better QoL in the developed countries
in recent times could also be related to the better availability
of support services for families with a child with ASD.

The lower QoL in the social domain in siblings of
children with more severe autism has also been previously
reported which could be either due to the more socially
inappropriate behaviors in those with severe ASD [3,11],
thus affecting the QoL in this domain for the elder sibling.
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Another reason could be the possibility of more caretaking
required for children with severe ASD [3], which leads to
diverting some of the responsibility to the sibling, thereby
affecting his/ her social life and QoL. However, a study from
Brazil [12], which used the same QoL tool, found lower QoL
only in the environmental domain, explaining it by the
difficulties in accessing specialized medical care and other
health areas, besides lack of information on access to leisure
and education for this specific population, which ultimately
intensifies stress and negatively influences the QoL.

The strengths of this study are that it employed a
relatively large sample size as compared to previous studies,
used age- and sex-matched siblings of TD children as
controls, used a tool that was validated for the study
population, and employed a rigorous face-to-face inter-view
process. The study was done at a center with a large child
development center, thereby ensuring children with the full
spectrum of severity of ASD could be enrolled. There are
quite a few limitations of this study, the most important being
that the study was done in the setting of the COVID-
pandemic, which itself affected the QoL of the entire
population, more so of children and adolescents [16].
However, it is expected that such an event would have
affected the QoL of children in both groups. Although, we
enrolled the requisite sample size, the small numbers

precluded multivariate analysis for independent asso-
ciations. The study utilized a restricted age group i.e.,
adolescents, and could be used only in the Hindi speaking
population, thereby affecting the generalizability of the study
results.

Our study findings have major implications for practice
in the domain of developmental and social pediatrics. Given
that, ASD-sibs have been shown to have a worse QoL than
TD-sibs, our results underscore the need to develop and
implement targeted interventions for these siblings and their
families. Healthcare providers should look to identify the
impact of ASD on unaffected siblings, and recommend
appropriate support measures to the family including regular
counselling of these siblings. Researchers may look at
factors that independently affect QoL of these siblings, and
interventions to address these factors.

We found a lower QoL in adolescent siblings of children
with ASD, it being worse in those with the sibling having
more severe ASD. This would guide policy makers develop-
ing programs for children with ASD to target the family as a
unit, rather than the affected child alone.

Ethics clearance: IEC,MAMC, Delhi; No. 70/05/2019/No550
dated Nov 1, 2019.
Funding: None; Competing interests: None stated.

Fig. 1 Box and whisker plot depicting quality of life (QoL) in different domains among adolescents with a sibling having autism (ASD-
Sibs) or with a sibling having typical development (TD-Sibs).
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Note: Additional material related to this study is available at
www.indianpediatrics.net
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Web Table I Systemic Lupus Erythematosus Manifestations Among Enrolled Children in 
the Two Groups 

 

 

 

 

 

 

 

 
 
 
 
 
 

Values in no. (%). SLEDAI: System lupus erythematosus disease activity index.  aP<0.001, 
bP<0.05. 

 

 
Data of the disease 

Low activity  
(SLEDAI ≤4) n = 20 

Moderate-high activity 
(SLEDAI ≤4)  

n = 20 
Seizure 0  1 (5) 
Visual disturbance 0  1 (5) 
Arthritisa 1 (5) 13 (65) 
Proteinuriaa 1 (5) 15 (75) 
Urinary casts a 1 (5) 8 (40) 
Rasha 3 (15) 13 (65) 
Alopeciaa  3 (15) 14 (70) 
Mucosal ulcersa 2 (10) 12 (60) 
Pleurisyb 1 (5) 6 (30) 
Low complementb 4 (20) 12 (60) 
Increase DNA bindingb 2 (10) 9 (45) 
Feverb 5 (25) 12 (60) 
Thrombocytopenia 9 (45) 15 (75) 
Leukopenia 7 (35) 13 (65) 



Effect of Electronic Infrared Tap With Voice Reinforcement on Hand
Hygiene Compliance of Healthcare Personnel
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Objective: To assess the efficacy of an electronic infrared tap with voice reinforcement to
improve hand hygiene compliance among health care workers. Methods: This pre-post
intervention study used an automated electronic infrared tap with voice reinforcement as
intervention in the neonatal intensive care unit (NICU) and the pediatric intensive care unit
(PICU). Hand hygiene adherence rates of health care workers were monitored using a video
camera. Results: A total of 2718 hand hygiene events were observed. Baseline rates of hand
hygiene (complete or partial adherence rates) were 86.9% in NICU and 81.2% in PICU, that
improved to 94.9% for NICU and 92.9% for PICU post-intervention (P=0.001). Conclusion:
Use of an electronic infrared (EIR) tap with voice reinforcement in handwashing stations of
NICU and PICU improved hand hygiene compliance among health care workers.
Keywords: Electronic monitoring, Hand hygiene, Health care associated infections.
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here is a global increase in healthcare associated
infections (HAI), especially among neonates [1].
Hand hygiene, antibiotic stewardship and sepsis
care bundles are important measures for

duration of 2 weeks. A motion capture network camera (CP
PLUS 1.3 MP Net-work WIFI Cube Cameras) was installed
at the hand-washing areas and continuous video recording
was done. The recordings from the cameras were perio-
dically transferred to a hard disk using a memory card.

An automated EIR tap programmed with voice reinforce-
ment was used as the intervention for the study. The auto-
mated tap facilitated the handwashing process by automatic
detection, regulating water flow (every 10 seconds) and
elaborating handwashing steps with timed voice messages, by
a 3W speaker. Each step was displayed in number and
duration on a 16×2 LCD display, to facilitate synchronization
with the user. The completion of the process was marked by
the return of water flow, followed by a message congra-
tulating the user for compliance.

Baseline hand hygiene compliance was studied in pre-
intervention phase 1 (May, 2019) and preintervention phase
II (October, 2019) after five months of installing video
surveillance to avoid the Hawthorne effect. The automated
EIR tap was introduced as an intervention during post-inter-
vention phase III (March, 2020) and phase IV (May, 2020).
These phases were done for two weeks each.

The first contact of the healthcare personnel with a tap
before entry into the ICU for each day was taken as an event.
The compliance of health care personnel was assessed by the
principal investigator, who reviewed the video recordings of
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T
decreasing HAI. As promotion of hand hygiene is a cost-
effective intervention with higher impact, newer techno-
logies are being tried for improving the same [2-9] This study
was done to assess the efficacy of an electronic infrared
(EIR) tap with voice reinforcement to improve hand hygiene
compliance among health care workers. The secondary
objectives were to analyze hand hygiene compliance with
alcohol-based hand rub among health care personnel in each
moment of hand hygiene, and the respective rates of HAI.

METHODS

This pre-post intervention study was done in the NICU and
PICU of a tertiary care hospital in Puducherry between May,
2019 and May, 2020, after approval from the institute ethics
committee. Waiver of consent was also obtained for this
quality improvement initiative.

All residents and nursing officers working in both the
pediatric (PICU) and the neonatal (NICU) intensive care
units in all shifts were oriented to the use of the EIR tap
before enrolment. The study was con-ducted in four phases
(pre-intervention phase I and II, post-intervention phase III
and IV) (Fig. 1) in the handwashing stations located outside
the PICU and NICU. Each phase was completed over a
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each phase. Handwashing duration (>60s) and compliance
were assessed as complete adherence with duration of
handwashing >60 second and compliance to all hand
washing steps; partial adherence with either duration of
handwashing >60 or compliance to all hand washing steps;
and nil adherence when the duration of handwashing <60
second and no compliance to hand washing steps.

The percentages of hand hygiene complete adherence
rate (CR), partial adherence rate (PR), and nil adherence rate
(NR) using a common denominator of total events was
observed [10,11].

A separate hand hygiene audit was conducted by a senior
nursing officer from the Hospital Infection Control
Committee (HICC) using Ibhar software (NABH accre-
dited), which incorporated a comprehensive set of features
that implement and manage the infection prevention and
control program. Data collected for the year 2019 (Jan -
Dec), on hand hygiene compliance and incidence of hospital-
acquired infection including catheter-associated urinary tract
infections (CAUTI), central line-associated bloodstream
infection (CLABSI) and ventilator associated pneumonia
(VAP) from both the ICUs were estimated.

The sample size was calculated considering 30% as the
previous hand hygiene compliance data of NICU and PICU
for 2018, and expecting a 10% clinical difference with the
intervention. The sample size was calculated as 480 units of
the study using nMastersoftware, with 80% power, 5% alpha
error, and 95% confidence interval. Each first entry of
resident/ nursing officer and access to tap was taken as a
single event. Considering the staffing pattern, a sample
population of 50 units was obtained per day. The study was
carried for 14 days, each for four phases. Statistical analysis
was done using the SPSS software version 20 (IBM Corp).
P<0.05 was considered as significant.

RESULTS

A total of 2718 events were documented and studied over all
the 4 phases of the study in NICU (n=1331) and PICU
(n=1387) (Fig. 1). The baseline rates of hand hygiene (CR or
PR) was 683/786 (86.9%) events in NICU and 665/819
(81.2 %) events in PICU. Post intervention, the rates of hand
hygiene (CR or PR) improved to 517/545 (94.9%) in NICU
and 528/568 (92.9%) in PICU. The comparison of hand
hygiene compliance rates as per duration and compliance is
shown in Table I.  The compliance was highest among
nursing officers (42% in NICU, 26% in PICU) than residents
(40.3% in NICU, 16.5% in PICU). The hand hygiene
compliance rate of WHO hand hygiene moments is depicted
in Table II.  There was no significant correlation between
hand hygiene adherence rates and rates of HAI, except for
CAUTI rates in PICU (r=0.619, P=0.03).

DISCUSSION

The present study showed a significant increase in hand
compliance rate after implementation of EIR tap.

Table I Effect of the Study Intervention on Hand Hygiene
Compliance Among Healthcare Personnel

Hand hygiene compliance Baseline Post-intervention
n=1605 n=1113

Pediatric intensive care unit
Complete adherence 20.3 37.4
Partial adherence 60.9 55.4
Non-adherence 18.8 7.1
Neonatal intensive care unit
Complete adherence 31.9 49.2
Partial adherence 54.9 46.8
Non-adherence 13.0 3.5

Values are adherence rates in percent. P<0.001 for comparison between
baseline and post-intervention hand hygiene compliance in both the
units.

Table II Hand Hygiene Compliance Rate of Each Hand
Hygiene Moment

Hand hygiene moments PICU NICU

Before patient contact 469/575 (85.0) 484/627 (82.1)
Before aseptic task 86/102 (80.7) 36/42 (72.9)
After aseptic procedure 33/39 (84.6) 15/17 (66.6)
After patient contact 285/332 (86.0) 303/391 (76.6)
After contact with the patient 97/130 (82.6) 97/159 (63.0)
surroundings

Hand hygiene moments as defined by World Health Organization [3].
Hand hygiene compliance rate=(complete adherence moments+partial
adherence moments)/total moments available. Data shown as n/N (%).
PICU: pediatric intensive care unit; NICU:  neonatal intensive care unit.

Fig. 1 Flow chart depicting the study procedure.

Phase I pre-intervention (May, 2019)
(n= 390 in NICU; n= 405 in PICU)

↓
Phase II pre-intervention (October, 2019)

(n= 396 in NICU; n= 414 in PICU)

↓
Phase III post-intervention (March, 2020)

(n= 253 in NICU; n= 266 in PICU)

Intervention
↓

Phase IV post-intervention (May, 2020)
(n= 292 in NICU; n= 302 in PICU)

↓

53



INDIAN  PEDIATRICS 746 VOLUME 60__SEPTEMBER 15, 2023

ELECTRONIC HAND HYGIENE MONITORING

The events enrolled during phase III, and phase IV were
less compared to phase I and phase II, that can be attributed
to the decline in patient load and staffing patterns during
COVID pandemic. Hand hygiene was analyzed and
categorized into CR, PR, and NR in the present study, as
previously used [10], which demons-trated a better
stratification of compliance. The increase in hand hygiene
compliance noted with EIR tap was comparable to a previous
study [11], which used electronic moni-toring, coupled with
voice prompts. The reduction in NR in NICU and PICU
during the post-intervention phase can be explained by the
use of regulated water flow in the intervention tap, thereby
forcing the user to engage for a longer duration.

The common reasons for non-compliance to hand
hygiene were perception of patient needs as immediate
priority, and forgetfulness of the health worker [12]. There
was a notable increase in compliance between phase 3 and
phase 4 post-intervention in PICU and NICU. This can be
attributed to the COVID pandemic, which led to increased
hand hygiene behavior among participants.

On analyzing the five WHO hand hygiene moments in
the NICU, maximum compliance was observed for moment
1 (before contact with the patient), and least compliance
during moment 5 (after contact with patient surroundings).
Our study also identified a decreased compliance rate in
moment 2 and 3, which warranted improvement. Basic inter-
ventions such as training modules for health care workers,
upgrading infrastructure, and implementing feedback
sessions increases compliance [13]. The highest compliance
was noted among interns, technicians and allied health
workers. This can be attributed to the lesser opportunities of
moments than a physician and nursing officer, unlike data
from previous studies [14,15]. The lowest compliance was
observed among resident doctors, both in the PICU and the
NICU.

There was no significant correlation between CR of
alcohol-based hand rub and CLABSI in NICU probably as
the baseline rates of CLABSI were low even before the
intervention.

The voice prompt in intervention also made the hand
washing experience livelier and more interactive. This
method would have minimized the use of water and was eco-
friendly, though was not measured.  The study had few
limitations. Data was collected only at two time points and

the trends in between these time points were not analyzed.
Confounders in the study due to inconsistency in preference
of tap by participants and restriction of monitoring to only
two handwashing stations were present.  A part of the study
period overlapped with the first wave of COIVD-19
pandemic in the country, which might have contributed to the
behavior change.

We found that the use of an EIR tap with voice reinforce-
ment in handwashing stations of NICU and PICU improved
hand hygiene compliance among healthcare workers.

Ethics clearance: Institutional Ethics Committee (Human studies),
JIPMER: No. JIP/IEC/2018/0207 dated Sep 11, 2018.
Contributors: KM: collected and analyzed the data; MA: reviewed
data analysis and drafted manuscript; AS: helped in the lab work;
BA: designed the study, supervised clinical work and edited the
manuscript. All authors have seen and approved the submission of
this manuscript and take full responsibility for the manuscript.
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Severe Pulmonary Arterial Hypertension in Healthy Young Infants:
Single Center Experience
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Objectives: We studied the clinical presentation and management of acute pulmonary
arterial hypertension (PAH) in healthy young infants, and the effect of thiamine therapy
Methods: Review of hospital records was conducted for 56 healthy infants (aged below 6
month) who developed sudden onset of pulmonary arterial hypertension as diagnosed on 2D
echocardiography, and were admitted at our institution. Results: All patients received
supportive care and pulmonary vasodilator therapy, whereas those admitted after Sep-
tember, 2019 (n=28) received thiamine in addition, as per the institute’s protocol. Overall,
complete recovery was seen in 80% (n=45). Infants who died had significantly lower mean
pH (7.05 vs 7.27; P=0.001) and serum bicarbonate (9.1 vs 14.9; P=0.007), higher arterial
lactate (72.7 vs 61.5; P=0.92), ventricular dysfunction (16 vs 10; P=0.01) and shock (7 vs 9;
P=0.008) when compared to those who survived. Baseline characteristics, severity of
acidosis and pulmonary hypertension, time taken to recover from PAH, presence of
ventricular dysfunction were comparable among those who received thiamine and those who
did not receive it. Similarly, recovery (89% vs 71%; P=0.17) and mortality (11 % vs 29%) were
also comparable between the two groups.  Conclusion: A significant proportion of infants
with PAH improve with supportive treatment and pulmonary vasodilator therapy. Thiamine
supplementation may not give any additional benefit in these patients.
Keywords: Management, Outcome, Thiamine deficiency.
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In the last few years, acute severe pulmonary artery
hypertension (PAH) in previously healthy young
infants has been increasingly reported from different
parts of India [1,2]. They present with poor feeding/

lethargy, severe metabolic acidosis, pulmonary artery
hypertension and heart failure. Considering associated socio-
epidemiological factors like predominantly polished rice
consumption by lactating mothers, post-partum food
restriction, response to empiric thiamine therapy, this
catastrophic conundrum has been assumed to be secondary
to thiamine deficiency [1,3]. However, causal relationship
could not be established with controlled studies [1-4]. Since
September, 2019, our institutional protocol included routine
thiamine supplementation in all children with PAH.  Hence,
this study was conducted to analyze the spectrum of PAH
cases, and compare the outcomes based on exposure to
thiamine therapy.

METHODS

This was a retrospective study conducted in the Department
of Pediatrics of a tertiary care hospital. We retrieved hospital
records of 56 previously healthy infants aged between 1-6

months of age, admitted in the department between October,
2018 and September, 2020 with the diagnosis of PAH at
admission. PAH was defined as pulmonary artery peak
systolic pressure (PAP) >1/3 of systemic systolic blood
pressure (SBP) [5] assessed by 2-dimensional echocardio-
graphy (2D-echo). A fall in pulmonary artery PAP to normal
levels, assessed in the 2D- echo done at the time of discharge,
was considered as a significant decline in PAP. Children with
congenital heart disease, pneumonia, bronchiolitis, culture-
proven sepsis, diagnosed cases of inborn error of metabolism
on treatment, and other pre-existing systemic diseases at the
time of admission were excluded. After obtaining institute
ethics committee clearance, previous medical records of
eligible patients were accessed and relevant data were
analyzed.
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Anthropometric parameters were recorded and inter-
preted as per standard guidelines [6]. PAP was recorded in
2D-Echo, performed by an experienced pediatric cardio-
logist in the pediatric intensive care unit (PICU). As PAP
varies widely in infants, especially while crying and during
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acute illness, it was measured when infant was calm/sleeping.
Peak PAP was measured and reported as a fraction of SBP.
Further, PAH was categorized as mild, moderate and severe
whenever PAP was 1/3-2/3, 2/3-1 and >1 of SBP value,
respectively [5,7]. Metabolic acidosis was diagnosed if
blood pH was <7.35 with serum bicarbonate <20 mmol/L
and arterial lactate >20 mmol/L. Children with PAH
admitted between September, 2019 and October, 2020 had
received additional empirical thiamine therapy [intravenous
(100 mg) thiamine infusion over 1 hour, followed by oral
thiamine (100 mg) till normalization of PAP] [1,2]. The
outcome of these infants was compared with those admitted
before September, 2019, who were treated with supportive
care and pulmonary vasodilator therapy alone without thia-
mine supplementation [1,2].

All infants received supportive care in the form of
hydration, humidified oxygen, antipyretics, antiemetics,
intravenous fluids and mechanical ventilation as per the
need. Pulmonary vasodilator therapy (sildenafil and or
milrinone) was administered orally or parenterally to all
infants, depending on the severity of illness and general
condition of the patient.

Statistical analysis: Data were entered in Excel sheets and
imported to EZR software version 3.2 (Jichi Medical
University) for analysis. Qualitative variables are expressed
as numbers and percentages, quantitative variable are expre-
ssed as mean (SD) or median (IQR) based on the pattern of
distribution. Chi-square test or Fischer exact test were used to
compare the frequency of qualitative variables, whereas the
Student t test was used for quantitative variables among
different groups.

RESULTS

We retrieved data of 56 children, and the baseline charac-
teristics are presented in Table I. The majority of infants were
below 3 months of age. All infants were born at term and
weighed appropriate for gestational age with normal post-
natal growth. Poor feeding was the most common symptom
seen in 66% infants, whereas tachypnea and/or tachycardia
were the most common sign. Severe PAH was seen in 87.5%
infants. Pulmonary pressure declined significantly at the time
of discharge and normalized in 97% infants (n=44 among
those who survived), except in one baby in whom PAH
normalized by 60th day of onset.

Variables were compared between survivors and non-
survivors (Table II). Mean pH and serum bicarbonate was
significantly lower in those who died. Similarly, the presence
of shock, ventricular dysfunction (RV and/or LV diastolic

Table II Outcome Among Infants With Pulmonary Arterial
Hypertension (N=56)

Survived Deaths P value
(n = 45) (n = 11)

Age (y)a 0.20 (0.07 ) 0.20 (0.07) 0.935
Weight (kg)a 4.32 (0.78) 4.66 (0.88) 0.264
pHa 7.27 (0.18) 7.05 (2.13) 0.001
Serum bicarbonate 14.90 9.1 0.007
(mmoL/L)b (5.10, 15.00) (5.8, 17.3)
Lactate (mmol/L)b 61.5 72.7 0.918

(16.4, 200) (26.6, 182.4)
Hypoxia 20 (44.2) 8 (77.7) 0.177
Shock 9 (16.3) 7 (63.6) 0.008
PAP at admission 72.2 (7.97) 83.09 (16.44) 0.073
(mmHg)a

RV dysfunction 16 (35.5) 10 0.001
LV diastolic 5 (11) 8 (72) <0.001
dysfunction
Thiamine therapy 25 (55.6) 3 (27.3) 0.177
Mechanical ventilation 8 (17.78) 11 (100) <0.001
Inotropic support 9 (20) 11 (100) <0.001

Values in no. (%), amean (SD) or bmedian (IQR). PAP: pulmonary
arterial peak systolic pressure, RV: right ventricle,  LV: left ventricle.

Table I Characteristics of Infants With Pulmonary Arterial
Hypertension (N=56)

Parameter Observation

Age  <3 mo 43 (77)
Male sex 40 (71)
Birthweight (kg)a 2.86 (0.496)
Weight SDS b -2.00 (-2.95,-1.41)
Investigations

pH a 7.23 (0.19)
Serum bicarbonate (mmol/L)b 14 (9.7, 16.1)
Serum lactate (mg/dL)b 66.9 (14.2, 112.75)

Pulmonary artery hypertension (PAH)
Moderate 7 (13)
Severe 49 (87)
RA/ RV dilation 53 (95)
RV dysfunction 26 (46)
LV diastolic dysfunction 14 (25)
PAP at admission (mm Hg) a 74 (18.07)
PAP at discharge (n=45) a 24 (10)

Pulmonary vasodilator therapy
Sildenafil 50 (89)
Milrinone 11 (20)
Both 10 (18)

Time for resolution of PAH (d) b 7 (3, 60)
Death 11 (20)

Values in no. (%),amean (SD) or bmedian (IQR). RA: right atrium, RV:
right ventricle, LV: left ventricle, PAP: pulmonary arterial peak systolic
pressure.
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dysfunction), requirement of inotropes, need for mechanical
ventilation and duration of hospital stay was significantly
higher in infants who did not survive.

Among infants who received thiamine and those who did
not, both the groups were comparable with respect to general
condition, severity of pulmonary hypertension and acidosis.
The incidence of ventricular dysfunction, the time taken for
resolution of PAH, need for mechanical ventilation, inotrope
requirement, and outcome also did not differ in the two
groups (Table III).

DISCUSSION

In this hospital record review, we report recovery in most
patients with supportive treatment alone, presence of severe
acidosis, shock as a common finding among those died and
lack of significant difference in terms of recovery and
mortality among those who received and those who did not
receive thiamine supplementation.

The baseline characters and clinical profile in our study
was similar to previous studies [1,2,4,8-10]. Few earlier
Indian studies attributed similar symptom complex to
encephalitis or metabolic acidosis, as 2D-echo was not part
of their workup or facility was not available [2,11]. At our
center, diagnosis of PAH was ascertained by bedside 2D
echo in the PICU at the time of admission. Previous studies
reported pulmonary pressures based on absolute values at
admission [1,3,4]; however, we described peak pulmonary
arterial pressure as a fraction of concurrent systemic blood
pressure [5]. Although, cardiac catheterization is the gold
standard for PAH diagnosis, considering the poor general
condition of patients, we did not undertake invasive pro-

cedure in acute care settings. The presence of concomitant
left ventricular diastolic dysfunction in more than a quarter of
the infants was a striking finding, mostly attributed to RV
dilatation and septal deviation to left [12].

 In most of the recent reports, similar presentation was
thought to be an acute cardiogenic form of thiamine defi-
ciency similar to wet beriberi [13,14]. This was attributed to
the predominant intake of polished rice by lactating mothers
with severe restriction of other foods resulting in maternal
and infantile thiamine deficiency [2,4]. In a previous study
from Hyderabad [3], a set of 55 infants who presented with
respiratory distress, cardiomegaly and PAH were found to
have low erythrocyte transketolase activity, suggesting
thiamine deficiency. However, thiamine levels in mothers or
controls were unavailable in this study. Sastry, et al. [1] from
Bangalore described a set of infants with acute life-
threatening metabolic acidosis, PAH, and varying degrees of
heart failure. They observed that 231 (n=250) responded to
empiric thiamine. However, thiamine levels in infants or
lactating mothers or controls were not tested.

All outcome measures were also comparable among
those who received thiamine and those who did not. It is
crucial to note that three infants with severe PAH died despite
receiving thiamine at admission. Thiamine therapy did not
make significant change in mortality or time taken for
recovery. In previously published literature, consumption of
polished rice and post-partum food restriction are assumed to
be risk factors for thiamine deficiency and PAH. However,
majority of pregnant and lactating mothers in our region
consume unpolished parboiled rice and fish, both of which
are rich source of thiamine. These findings raise questions
against empirical use of thiamine and the need to explore the
possibility of an alternative etiology. Reported mortality
varies from 3%-67% in earlier studies; whereas, in our study,
it was 19% [1,15]. Limitations of our study include small
sample size, retrospective data collection, unavailability of
markers of thiamine deficiency, and lack of cardiac
catheterization.

Acute PAH seen in previously healthy young infants can
be severe enough to result in mortality despite good care. A
significant proportion of infants improve with supportive
treatment alone, whereas outcome is poor in case of severe
PAH with shock. Large-scale prospective studies addressing
the etiology, role of thiamine, risk factors and management is
the need of the hour.
Ethics clearance: Ethics Committee of Kasturba Medical College
and Hospital, Manipal No. 581/2020 dated Dec 18, 2020.
Contributors: SA, KH: conceptualized the study design, prepared
the manuscript; KH, SA, SCM, PS, AV: were part of treating team
and manuscript writing; AST, GB: rendered cardiology services.
All the authors equally contributed in the editing and final revision
of the manuscript.

Table III Parameters Among Children With Pulmonary
Arterial Hypertension Based on Exposure to Thiamine

Received Not received P
thiamine thiamine value
(n=28) (n=28)

pHa 7.19 (0.22) 7.28 (0.17) 0.11
HCO3 (mmol/L)b 13.3 14.3 0.17

(5.1, 25.0) (6.5, 22.4)
Shock 8 (28.6) 8 (28.6) 1.00
Time for resolution 7 (3,60) 8 (3,15) 0.56
of PAH (d) b

RV dysfunction 13 (46) 12 (42) 1.00
LV diastolic dysfunction 6 (21) 7 (25) 1.00
Mechanical ventilation 9 (32.1) 10 (35.7) 1.00
Inotropic support 9 (80) 11(90) 1.00
Died 3 (10.7) 8 (28.6) 0.17

Values in no. (%), amean (SD) or bmedian (IQR). RV: right ventricle, PAH:
pulmonary arterial Hhypertension, PAP: pulmonary arterial peak systolic
pressure, LV: Left ventricle.
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WHAT THIS STUDY ADDS

• A significant proportion of infants with the severe pulmonary artery hypertension (PAH) improve with supportive
treatment alone.

• Thiamine supplementation was not found to significantly affect recovery or outcome of severe PAH in infants.
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Nutritional deficiency of iron is common in the
population because most naturally occurring
iron is in Ferric form which is poorly absorbed
from the diet [1]. As per World Health Organi-

zation (WHO) estimates, the global prevalence of anemia in
children aged 6-59 months is 39.8% in the year 2019 [2], and
according to the National Family Health Survey 5, the
prevalence of anemia in India during the year 2019 was
53.4% [3].

Iron is not only important for hemoglobin synthesis but
also for a variety of enzyme systems. Therefore iron defi-
ciency produces anemia as well as other symptoms like organ
and tissue dysfunction, impaired immunity, fatigability,
decreased cognitive capabilities and poor weight gain [1,4].

Iron supplementation is one of the key strategies for the
treatment of iron deficiency anemia (IDA).  Most iron salts
used for treatment of iron deficiency exist in ferrous form
which is easily bioavailable. After supplementation, it takes
around 24 hours to replace intracellular enzymes, followed
by increase in hemoglobin over a month. Replenishing of

iron stores takes one to three month time [5]. Various iron salt
preparations are available including ferrous sulphate, iron
polymaltose complex (IPC), iron bisglycinate chelate,
ferrous ascorbate, colloidal iron, iron-zinc and lactoferrin
100. There is insufficient evidence regarding the  superior
safety or efficacy of one over the other.

This systematic review was undertaken with the objec-
tive of comparing various iron compounds with ferrous
sulphate and IPC, and to correlate with hematologic indices
including hemoglobin, means corpuscular hemoglobin
(MCH), mean corpuscular volume (MCV) and serum
ferritin.

METHODS  

This systematic review and meta-analysis was conducted
and is being reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
[6]. The protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO)
database prior to commencement of the study.

Iron Preparations in the Management of Iron Deficiency Anemia in Infants
and Children: A Systematic Review and Meta-Analysis
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Background: Various therapeutic iron preparations are available in the market, which differ in their pharmacokinetic and safety profiles.
There is insufficient evidence regarding the superior safety or efficacy of one  over the other.
Objectives: To study the effects of iron preparations on various parameters like hemoglobin, mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH) and serum ferritin.

Study design: A systematic review and meta-analysis of randomized controlled trials (RCT) was conducted from inception till 3 June, 2022.
Data sources and selection criteria: Databases like MEDLINE and COCHRANE were searched for RCTs evaluating the effects and safety
profile of various iron salts in the management of iron deficiency anemia in children and adolescents.
Main results: Eight studies with a total of 495 children were included the review. Pooled analysis showed ferrous sulphate to cause a signifi-
cant increase in hemoglobin compared with other iron compounds [mean difference (95% CI) 0.53 (0.22 to 0.83; P <0.001]. Also ferrous
sulphate is superior to iron polymaltose complex (IPC) (P<0.001). However, there was a significant increase in gastrointestinal adverse ef-
fects with ferrous sulphate compared to IPC (P=0.03). Other iron compounds were more efficacious than IPC in raising hemoglobin levels
(P<0.001). Among the few studies evaluating iron indices like MCV, MCH, and serum ferritin, there was no significant difference between the
iron preparations (P>0.05). Conclusions: A low quality evidence suggests that ferrous sulphate is more efficacious than other compounds
(P<0.001); though, there is an increase in gastrointestinal side effects with ferrous sulphate.
Key words: Ferrous sulphate, Iron polymaltose complex, Hemoglobin.
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Search eligibility: Randomized controlled trials from incep-
tion till 3 June, 2022, comparing the efficacy of different iron
preparations in children aged between 6 months and 15 years
of age, diagnosed to have IDA, based on hemoglobin values,
were included in the review. The primary outcome measure
was the effect on hemoglobin, and secondary outcomes
include serum ferritin, changes in hemoglobin, MCV, MCH
and gastrointestinal adverse effects.

Search strategy: The authors independently conducted
searches of medical databases namely MEDLINE and
COCHRANE center register of controlled trials published in
English language. The electronic search strategy included a
combination of keywords along with their representative
Medical Subject Headings (MeSH). The details of search
strategy are provided as Web Box 1.

Data extraction: Two authors independently searched the
data using a pre-designed form. Disagreement, if any, was
resolved by a third author. Details of study including author,
place and year of study and characteristics of infants were
included.

Quality assessment: Quality of studies was assessed inde-
pendently by authors for each study using the risk of bias
(RoB) criteria outlined in the Cochrane handbook for
systematic review of intervention in the domains of random
sequence generation, allocation concealment, blinding of
participant and personnel, blinding of outcome assessment,
incomplete outcome data, and selective reporting of results.

Statistical analysis: Statistical analysis was done using
Review Manager version 5.4 (The Cochrane Collaboration,
2020). Outcome variables were noted as mean differences
with 95% CI for continuous data. For dichotomous data,
outcome variables were noted as risk ratio (RR) with 95% CI.
When hemoglobin and other iron parameters were measured
at different time points after starting therapy, those values
obtained at the longest follow-up of each study were included
in the analysis. Results were pooled using either fixed or
random effects model based on heterogeneity. Between
studies heterogeneity was assessed with a chi-square test and
the I2 statistic. A P value of <0.1 for the chi-square statistic
indicated significant heterogeneity. Sensitivity analysis was
done after excluding other studies comparing ferrous sulphate
with other iron preparations excepting IPC, which revealed
no heterogeneity after exclusion. Quality of evidence was
assessed by Grading of recommendations, Development and
Evaluation (GRADE) approach [7] to assess the quality of
evidence using GRADE pro GDT tool.

RESULTS  

Using the search strategies mentioned, 1878 records from
two databases COCHRANE and MEDLINE were identified
and screened for eligibility. Of these, 15 studies were found

to be eligible, but after exclusions, eight studies with a total of
495 children were included in the review (Fig. 1). The age
group of children ranged from 6 months to 17 years. The
dosage of iron used ranged from 3 mg/kg/day to 6 mg/kg/day.
Ferrous sulphate was compared with IPC in four of the
studies. The other comparisons included iron bisglycinate
chelate and IPC, ferrous sulphate and iron bisglycinate
chelate, ferrous ascorbate and colloidal iron, and IPC and
ferrous ascorbate. Rise in hemoglobin was the final outcome
evaluated in all the studies, whereas serum ferritin, MCV,
MCH and hematocrit were the secondary outcomes evalua-
ted. The duration of iron therapy ranged from 28 days to 3
months. Adverse effects were evaluated in three studies [8-
10] (Table I).

Two of the studies [10,11] had high risk of bias due to
improper randomization (Fig 2 and 3). In one study [10],
randomization was altered on a weekly basis, whereas in the
other study [11], children were randomized to treatment
groups in a consecutive fashion. Pineda, et al. [12] had some
concerns due to improper randomization and deviation from
intended interventions. Other five studies had low risk of
bias. Though blinding of participants and people delivering
interventions was done in only two studies [9,13], all the
included studies had low risk of performance bias. Also, an
appropriate analysis (Intention to treat analysis) was used in
all the studies. In summary, 25% of studies had high risk of
bias, whereas 12.5% had some concerns of risk of bias.

Outcome data were available for nearly all participants in
five studies [8,10,12-14]. Though there was significant loss
to follow-up at the end of the treatment period in three studies
[9,11,15], the result was not biased by the missing outcome
data and the loss to follow-up could not be attributed to

Records identified through
database search (n=1878)

Records screened
(n=1878) Records excluded (n=1863 )

Studies assessesd for
eligibility (n=15)

Studies excluded with
reasons (n=7)
3-prophylactic iron therapy
1-Non-English language
1-full text not available
1- weekly iron therapy
1-only ferritin levels checked

Studies included in
qualitative synthesis

(n=8)

→

↓

→

↓

Studies included in
quantitative synthesis
(meta-analysis) (n= 8)

↓

↓

Fig. 1 PRISMA flow diagram.

El
ig

ib
ili

ty
In

cl
ud

ed
Sc

re
en

in
g

Id
en

tif
ic

at
io

n

61



INDIAN  PEDIATRICS 754 VOLUME 60__SEPTEMBER 15, 2023

IRON PREPARATIONS FOR IRON DEFICIENCY ANEMIA

Ta
bl

e  
I C

ha
ra

ct
er

ist
ics

 of
 In

clu
de

d 
St

ud
ies

Au
th

or
, c

ou
nt

ry
,

Pa
rti

ci
pa

nt
s

D
os

e o
f i

ro
n

D
ur

at
io

n 
of

In
te

rv
en

tio
ns

 (n
)

O
ut

co
m

es
 as

se
ss

ed
St

ud
y f

in
di

ng
s

ye
ar

(N
; a

ge
)

(m
g/

kg
/d

)
tre

at
m

en
t

Po
w

er
s, 

U
SA

,
59

3
12

 w
k

Fe
rro

us
 su

lp
ha

te
 (2

8)
,

H
b,

 F
er

rit
in

, T
IB

C,
Ea : 

Fe
Sc >

IP
C 

(P
<0

.0
01

)
20

13
-2

01
6 

[9
]

9-
48

 m
o

Iro
n p

ol
ys

ac
ch

ar
id

e (
31

)
A

dv
er

se
 ef

fe
ct

s
SE

b : 
IP

C 
>F

eS
 (P

=0
.6

2)
N

am
e, 

Br
az

il,
20

; 1
-1

3 y
3

45
 d

Iro
n b

isg
ly

ci
na

te
 C

he
la

te
 (F

eB
C)

,
H

b,
 F

er
rit

in
, T

ra
ns

fe
rri

n,
E:

 IP
Cd  =

 F
eB

C 
(P

 =
1)

20
16

 [1
3]

Po
ly

m
al

to
se

 ir
on

M
CV

, M
CH

, R
D

W
Ya

sa
, T

ur
ke

y,
10

3;
 7 

m
o

5
4 m

o
IP

C 
(5

2)
,

H
b,

 F
er

rit
in

, S
er

um
 F

e, 
TI

BC
,

E:
 F

eS
 >

IP
C 

(<
0.

00
1)

20
09

 [1
0]

17
 y

Fe
rro

us
 su

lp
ha

te
 (5

1)
Tr

an
sf

er
rin

 sa
tu

ra
tio

n,
 M

CV
,

SE
: F

eS
 >

IP
C 

(P
=0

.0
12

)
M

CH
, M

CH
C,

 R
BC

 co
un

t, 
H

ct
,

A
dv

er
se

 ef
fe

ct
s

Pa
til

, I
nd

ia
,

10
0;

 1-
12

 y
6

3 m
o

IP
C 

(5
0)

,
H

b,
 M

CV
, R

D
W

, R
et

ic
ul

oc
yt

e c
ou

nt
E:

 FA
e  >

IP
C(

P<
0.

00
1)

20
16

-2
01

7 
[1

5]
Fe

rro
us

 as
co

rb
at

e (
50

)
Pi

ne
da

, G
ua

te
m

al
a,

40
; 6

-3
6 m

o
5

28
 d

Fe
rro

us
 su

lp
ha

te
 (2

0)
,

H
b,

 F
er

rit
in

E:
 F

eS
=F

EB
C 

(P
=1

)
20

01
 [1

2]
Fe

rro
us

 bi
sg

ly
ci

na
te

 ch
el

at
e (

20
)

Ye
w

al
e, 

In
di

a,
66

; 6
 m

o -
3

12
 w

k
Fe

rro
us

 as
co

rb
at

e (
37

),
H

b,
 H

ct
, M

CV
, M

CH
, M

CH
C

E:
 FA

 >
C.

iro
nf  (

P<
0.

00
1)

20
08

 [1
4]

12
 y

Co
llo

id
al

 ir
on

 (2
9)

Bo
pc

he
, I

nd
ia

,
10

6;
 1-

6 y
6

1 m
o

IP
C 

(5
3)

,
H

b,
 si

de
 ef

fe
ct

s
E:

 F
eS

 >
IP

C 
(P

<0
.0

01
)

20
04

 - 
20

05
 [8

]
Fe

rro
us

 su
lp

ha
te

 (5
3)

SE
: F

eS
=I

PC
 (P

=0
.1

4)
O

zs
ur

ek
ci

, T
ur

ke
y,

60
; 6

 m
o -

6
8 w

k
fe

rro
us

 su
lp

ha
te

,
H

b,
 re

tic
ul

oc
yt

e c
ou

nt
E:

 F
eS

=I
PC

 (P
=0

.0
68

)
20

08
-2

00
9 

 [1
1]

15
 y

Po
ly

m
al

to
se

 co
m

pl
ex

,
Iro

n-
zi

nc
a E

ffi
ca

cy
 d

ef
in

ed
 b

y s
ig

ni
fic

an
t i

nc
re

as
e i

n 
he

m
og

lo
bi

n 
(P

< 
0.

05
); 

b g
as

tro
in

te
sti

na
l s

id
e e

ffe
ct

s. 
c F

eS
: f

er
ro

us
 su

lp
ha

te
; I

PC
: i

ro
n 

po
ly

m
al

to
se

 co
m

pl
ex

;F
A:

 fe
rr

ou
s a

sc
or

ba
te

; C
.Ir

on
: c

ol
lo

id
al

 ir
on

. H
b:

he
m

og
lo

bi
n;

 T
IB

C:
 to

ta
l i

ro
n 

bi
nd

in
g 

ca
pa

ci
ty

; M
CV

: m
ea

n 
co

rp
us

cu
la

r v
ol

um
e;

 M
CH

C:
 m

ea
n 

co
rp

us
cu

la
r h

em
og

lo
bi

n 
co

nc
en

tra
tio

n;
 M

XH
: m

ea
n 

co
rp

us
cu

la
r h

em
og

lo
bi

n.

62



INDIAN  PEDIATRICS 755 VOLUME 60__SEPTEMBER 15, 2023

ARULPAIRTHI, ET AL.

Fig. 3 Risk of bias summary for included studies, showing authors’ judgements about each risk of bias item for each included study.

Fig.2  Risk of bias in the included studies.

decreased efficacy or significant side effects of the inter-
ventions. None of the studies had bias due to selective
reporting.

The pooled effect size of the five studies [8-12]
comparing ferrous sulphate with other iron compounds
showed that ferrous sulphate caused a statistically significant
increase in the mean hemoglobin when compared to other
iron compounds [mean difference (95% CI) 0.53 (0.22-
0.83); P<0.001] (Fig.4). The pooled effect sizes of the six
studies [8-11,13,15] comparing IPC with other iron com-
pound showed that other iron compounds cause a significant
increase in hemoglobin compared with IPC [MD (95% CI)
-0.70 (-0.99 to -0.41); P<0.001] (Fig.4). Sensitivity analysis
was done due to difference in comparators. In four studies [8-
11] comparing ferrous sulphate with IPC, ferrous sulphate
caused a statistically significant increase in hemoglobin
compared to other IPC [MD (95% CI) 0.68 (0.5-0.86);
P<0.001]. In two studies comparing ferrous ascorbate with
other iron compounds, ferrous ascorbate caused a significant
increase in hemoglobin compared with other iron com-
pounds [MD (95% CI) 1.45 (1.00-1.91); P<0.001].

Regarding the outcome of change in hemoglobin from

baseline, three studies [10,12,15] evaluated this outcome. In
two of these studies [10,12] comparing ferrous sulphate with
other iron compounds, the change in hemoglobin was not
statistically significant [MD (95% CI) 0.15 (-0.41 to 0.72);
P=0.60]. In studies [10,15] comparing IPC with other iron
compounds, there was a statistically significant change in
hemoglobin in the other iron compound group [MD (95%
CI) -1.27 (-1.68 to -0.85); P<0.001].

In two studies evaluating MCH [10,13], comparison of
IPC with other iron compounds showed no significant
difference [MD (95% CI) 0.11 (-0.43 to 0.65); P=0.68]. With
regard to MCV, two studies [10,13] comparing IPC with
other iron compounds, there was no significant change in
MCV [MD (95% CI) -0.05 (-1.37 to 1.28); P=0.94]. Data on
serum ferritin was obtained in four studies [9,10,12,13]
including 222 children. In two studies [12,13] comparing
iron bisglycinate chelate with other iron compounds, the
change in ferritin levels were not statistically significant [MD
(95% CI) 3.47 (-0.51 to 7.45); P=0.09].

Gastrointestinal side effects were significantly more in
ferrous sulphate [OR (95% CI) 1.86 (1.06 to 3.26); P=0.03)
compared with IPC [8-10] (Fig.4).
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Fig. 4 Effect on hemoglobin levels of ferrous sulphate and iron polymaltose complex preparations vs other iron compounds for iron
deficiency anemia in infants and children.

DISCUSSION  

In the present review, a low quality of evidence suggests that
ferrous sulphate causes a significant increase in hemoglobin
when compared to other iron compounds. Also, a moderate
quality of evidence showed that other iron compounds are
better than IPC. Gastrointestinal side effects are slightly
more with ferrous sulphate than IPC.

There are several limitations regarding the comparability
of studies included in the review. The dosage of iron used in
these studies ranged from 3-6 mg/kg/day. The duration of
therapy ranged from 28 days to 3 months. The age group
ranged from 6 months to 17 years. Blinding was done only in

three studies [9,12,13]. The quality of evidence was low
regarding hemoglobin levels in trials comparing ferrous
sulphate with other iron compounds. While hemoglobin
levels were reported in all studies, other outcomes like MCV,
MCH, change in hemoglobin and serum ferritin were
reported in only some of the studies.

In an earlier review done by Gera, et al. [16], it was found
that iron supplementation modestly improves iron deficiency
anemia in children. In most of the studies included in this
review, different iron formulations were compared with
placebo. In a review done by Rosli, et al. [17], it was shown
that ferrous sulphate was superior to IPC. Also there was no
significant difference in the side effects between the two

Fig 5. Gastrointestinal side effects of ferrous sulphate vs iron polymaltose computer for iron deficiency anemia in infants and children.
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preparations. In an iron supplementation trial in preterm and
low birth weight infants [18], it was found that there were no
beneficial effects in the short term, but resulted in an
improvement in iron status and iron deficiency. In another
meta-analysis done by Low, et al. [19], it was found that iron
supplementation safely improves hematologic and non-
hematologic parameters in primary school aged children in
low- and middle-income countries. It was also found that
ferrous sulphate, when compared to placebo, improves
global cognitive performance.

In an overview of reviews done by Mithra, et al. [20], it
was found that in pre-school children, iron with multiple
micronutrients (MMN) fortification significantly reduced
the risk of anemia (by 55%), whereas, in school-aged
children (under 12 years of age), the same showed better
response (84% reduction in risk of anemia). In two reviews
[21,22], it was found that in infants, home fortification
(adding packets containing multiple micronutrients i.e.,
vitamins and minerals including iron with complementary
foods of children) was better than iron supplementation in
prevention of anemia. However, in anemic infants, medical
iron drops is better than home fortification alone. In older
children and adolescents (3.5 to 18 years), daily iron with or
without multivitamins is better than intermittent iron [23,24].
However, these reviews did not compare different iron
formulations in the management of anemia.

A review of anemic children in malaria endemic areas
[25] compared iron with placebo or other supplemental
nutrients like multivitamins, vitamin A, zinc, albendazole or
mebendazole. The review included many outcome measures
like clinical malaria, all-cause mortality, hospitalizations,
weight, anemia, including hemoglobin at the end of
treatment and change in hemoglobin with treatment. The
pooled analysis of 13 trials in the review found that iron
supplements (commonly ferrous sulphate) significantly
improved hemo-globin compared with placebo.
Importantly, all these studies, except one [26], did not
compare different iron preparations, which was a
prerequisite for our review and meta-analysis. Of these,
Zlotkin, et al. [27] was the only study which had four
treatment arms, of which two were different iron
preparations i.e., microencapsulated iron fumarate and
ferrous sulphate drops. But it was given as a supplement to
non-anemic children (presence of anemia defined by
hemoglobin levels is a prerequisite in our review). In fact,
placebo group showed better response than ferrous sulphate
drops in these non-anemic children in the study. In other
studies, treatment arms included iron along with other
supplements like zinc   [27], vitamin A [28], antihelminthic
agents [29,30], or multivitamins, micronutrients [31,32]. In
all of these studies, placebo was one of the treatment groups.
Hence these studies were not included in our meta- analysis.

In summary, a low quality of evidence suggests that
ferrous sulphate is superior to other iron compounds in the
management of iron deficiency anemia in young infants,
children and adolescents. Moderate quality of evidence on
adverse effects suggests that there is slightly more adverse
effects with ferrous sulphate compared to IPC. Further
research is needed to investigate the efficacy and safety of
other less known compounds like ferrous gluconate, ferrous
fumarate, etc.

Contributors: CSA: conceptualized the review, literature search,
data analysis and manuscript writing; ABT: literature search, data
analysis and manuscript writing; SM: conceptualized the review,
literature search, data analysis and manuscript writing.
Funding: None; Competing interests: None stated.
Note: Additional material related to this study is available with the
online version at www.indianpediatrics.net

REFERENCES
1. Will AM. Disorders of iron metabolism: iron deficiency, iron

overload and the sideroblastic anemias. In: Arceci RJ, Hann
IM, Smith OP, editors. Pediatric Hematology, 3rd ed.;2006.
p.79.

2. WHO. Anaemia in women and children. [Online]. Accessed
May 2, 2023. Available from: https://www.who.int/data/gho/
data/themes/topics/anaemia_in_women_and_children

3. International Institute for Population Sciences (IIPS) and
ICF. National Family Health Survey (NFHS-5), India, 2019-21.
IIPS; 2021. Accessed May 2, 2023. Available from: https://
main.mohfw.gov.in/sites/default/files/NFHS-5_Phase-II_0.pdf

4. Orkin S, Nathan D, Ginsburg D. Nathan and Oski’s
Hematology and Oncology of Infancy and Childhood. 8th ed.;
2014.

5. Rothman JA. Iron-deficiency anemia. In: Robert M, Kliegman
M, Joseph W. St. Geme III M. Nelson Textbook of Pediatrics.
21st ed.; 2019. p. 2522-5.

6. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 Statement: An Updated Guideline for Reporting Syste-
matic Reviews. BMJ. 2021;372:n71. 

7. Schunemann H, Brozek  J, Guyatt G. GRADE Handbook; 2013.
Available from: https://gdt.gradepro.org/app/handbook/ hand
book.html

8. Bopche AV, Dwivedi R, Mishra R, Patel GS. Ferrous sulfate
versus iron polymaltose complexfor treatment of iron defi-
ciency anemia in children. Indian Pediatr. 2009;46:883-85.

9. Powers JM, George R. Buchanan M. Effect of low-dose
ferrous sulfate vs iron polysaccharide complex on hemoglobin
concentration in young children with nutritional iron-defi-
ciency anemia a randomized clinical trial. JAMA.2017;317.
2297-304

10. Yasa B, Agaoglu L, Unuvar E. Efficacy, tolerability, and
acceptability of iron hydroxide polymaltose complex versus
ferrous sulfate: a randomized trial in pediatric patients with
iron deficiency anemia. International Journal of Pediatrics.
2011; 2011:1-6.

11. Ozsurekci Y, Unal S, Cetin M, Gumruk F. Comparison of
ferrous sulfate, polymaltose complex and iron-zinc in iron
deficiency anemia. Minerva Pediatrica. 2015;71:449-54.

65



INDIAN  PEDIATRICS 758 VOLUME 60__SEPTEMBER 15, 2023

IRON PREPARATIONS FOR IRON DEFICIENCY ANEMIA

12. Oscar Pineda P, Ashmead HD. Effectiveness of treatment of
iron-deficiency anemia in infants and young children with
ferrous bisglycinate chelate. Nutrition. 2001;17:381-84.

13. Name JJ , Vasconcelos AR , Valzachi Rocha Maluf MC. Iron
bisglycinate chelate and polymaltose iron for the treatment of
iron deficiency anemia: A pilot randomized trial. Current
Pediatric Reviews. 2018;14:261-68.

14. Yewale  VN, Dewan B. Treatment of iron deficiency anemia
in children: A comparative study of ferrous ascorbate and
colloidal iron. Indian J Pediatr. 2013;80:385-90.

15. Patil P, Geevarghese P, Khaire P. Comparison of therapeutic
efficacy of ferrous ascorbate and iron polymaltose complex in
iron deficiency anemia in children:a randomized controlled
trial. Indian J Pediatr. 2019;86;1112-17. 

16. Gera T, Sachdev HPS, Nestel P. Effect of iron supplemen-
tation on haemoglobin response in children: Systematic
review of randomised controlled trials. J Pediatr Gastroenterol
Nutr. 2007;44:468-86.

17. Mohd RR, Norhayati MN, Ismail SB. Effectiveness of iron
polymaltose complex in treatment and prevention of iron
deficiency anemia in children: A systematic review and meta-
analysis. Peer J. 2021;9:e10527

18. McCarthy EK, Dempsey EM, Mairead. Iron supplementation
in preterm and low-birth-weight infants: a systematic review of
intervention studies. Nutrition Reviews. 2019;77:865-77.

19. Low M, Farrell A, Biggs BA, Pasricha SR. Effects of daily
iron supplementation in primary-school– aged children:
systematic review and meta-analysis of randomized controlled
trials. CMAJ. 2013;185:E791-802

20. Mithra P, Khatib MN, Sinha AP, et al. Interventions for
addressing anemia among children and adolescents: An over-
view of systematic reviews. Frontiers in Pediatrics. 2021;8:
549549.

21. De-Regil LM, Suchdev PS, Vist GE, Walleser S. Home
fortification of foods with multiple micronutrient powders for
health and nutrition in children under two years of age.
Cochrane Database Syst Rev. 2011;9:CD008959.

22. Dewey KG, Yang Z, Boy E. Systematic review and meta-
analysis of home fortification of complementary foods.

Matern Child Nutr. 2009;5:283-321.
23. Low MSY, Speedy J, Styles CE, De-Regil LM, Pasricha.

Daily iron supplementation for improving anaemia, iron status
and health in menstruating women. Cochrane Database Syst
Rev. 2016;4:CD009747.

24. Low M, Farrell A, Biggs BA, Pasricha SR. Effects of daily
iron supplementation in primary-school-aged children:
systematic review and meta-analysis of randomized controlled
trials. CMAJ. 2013;185:791-802.

25. Neuberger A, Okebe J, Yahav D, Paul M. Oral iron supple-
ments for children in malaria-endemic areas. Cochrane Data-
base Syst Rev. 2016;2:CD006589.

26. Zlotkin S, Antwi KY, Schauer C, Yeung G. Use of micro-
encapsulated iron(II) fumarate sprinkles to preventrecurrence
of anaemia in infants and young children at high risk. Bull
World Health Organ. 2003;81:108-15.

27. Fahmida U, Rumawas JS, Utomo B, Patmonodewo S.  Zinc-
iron, but not zinc-alone supplementation, increased linear
growth of stunted infants with low haemoglobin. Asia Pacific
Journal of Clinical Nutrition. 2007;16:301-9.

28. Mwanri L, Worsley A, Ryan P, Masika J. Supplemental
vitamin A improves anemia and growth in anemic school
children in Tanzania. J Nutr. 2000;130:2691-6.

29. Dossa RA, Ategbo EA, Van Raaij JM, et al. Multivitamin-
multimineral and iron supplementation did not improve
appetite of young stunted and anemic Beninese children. J
Nutr. 2001;131:2874-9.

30. Le Huong T, Brouwer ID, Nguyen KC, Burema J, Kok F. The
effect of iron fortification and de-worming on anaemia and
iron status of Vietnamese schoolchildren. British J Nutr. 2007;
97:955-62.

31. Esan MO, van Hensbroek MB, Nkhoma E, Musicha C. Iron
supplementation in HIV-infected Malawian children with
anemia: A double-blind, randomized, controlled trial. Clinical
Infectious Diseases. 2013;57:1626-34.

32. Hop le T, Berger J. Multiple micronutrient supplementation
improves anemia, micronutrient nutrient status, and growth of
Vietnamese infants: double-blind, randomized, placebo
controlled trial. J Nutr. 2005;135:660S-5.

66



INDIAN  PEDIATRICS VOLUME 60__SEPTEMBER 15, 2023

ARULPAIRTHI, ET AL.

Web Box I Details of the search strategy

MEDLINE

(“Oral iron preparation” or iron supplements* or ferrous ascor-bate* or ferrous gluconate* or colloidal iron* or ferrous fuma-rate* or ferrous
sulphate* or ferrous sulfate* or iron salt* or Carbonyl iron* or iron polysaccharide complex* or iron poly-maltose complex* or Iron Protein
Succinylate* or ferri manni-tol ovalbumin* or iron bisglycinate* or ferrous bisglycinate* or ferrous glycine sulfate* or ferrous glycine sulphate* or
ferric pyrophosphate* or sucrosomal Iron* or ferrous compounds* or ferric compounds* or lactoferrin*) and (((“iron deficiency ane-mia” or
nutritional anemia* or microcytic hypochromic ane-mia*))) and ((“children” or infants* or child*))
CENTRAL
Search words: Iron preparations for iron deficiency anemia in children
ID Search
#1 iron deficiency in Trials (Word variations have been searched)
#2 MeSH descriptor: [Anemia, Iron-Deficiency] explode all trees
#3 #1 or #2
#4 iron compound in Trials
#5 iron preparation in Trials
#6 MeSH descriptor: [Iron Compounds] explode all trees
#7 ferrous
#8 ferric
#9 #4 or #5 or #6 or #7 or #8
#10 infant
#11 children
#12 #10 or #11
#13 #3 and #9 and #12
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American Academy of Pediatrics (AAP) have released their first comprehensive clinical practice guideline that outlines evidence-based
evaluation and treatment of children and adolescents with overweight and obesity. This article reviews the same, along with implication in our
setting and the need for updating our guideline, which is almost two decades old.
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UUUUU PPPPP DDDDD AAAAA TTTTT EEEEE

The global epidemic of child and adolescent
obesity affects all regions of the world, even in
countries where under nutrition is prevalent. 14.4
million children and adolescents are affected by

obesity in United States [1]. Obesity prevalence among
children and adolescents aged 5-19 year, in India ranged
between 3.6 % and 11.7%. By 2025, 17 million Indian child-
ren will be obese. Urbanization is a significant factor related
to obesity [2]. Other factors include epigenetic, nutritional,
familial, psychosocial, parental education and occupation.
Obesity and overweight have effects on physical and mental
health and these are the risk factors for major chronic illness
in adults such as cardiovascular disease, diabetes and pre-
mature death.

Recently, the American Academy of Pediatrics (AAP)
released their comprehensive guidelines on management of
childhood and adolescent obesity [1]. The recommendations
in the AAP guidelines are child-centric, not specific to a
particular health care set up, and are written to inform pedia-
tricians and other health care practitioners about the standard
of care for assessing and managing children with overweight,
obesity and their comorbidities. However, these guidelines
exclude prevention strategies.
ASSESSMENT, EVALUATION AND PREVENTION
According to Centre for Disease Control and Prevention
(CDC) and AAP, the weight status in children in 0 - 2 years of
age is screened by using the World Health Organization
(WHO) weight for length, age and sex-specific charts. In
patients with certain syndromes like trisomy 21, specialized
growth charts can be used.

The AAP emphasises on various social determinants of
health (SDoHs). These are the environmental factors where

children are born, live, learn, and grow. SDoHs are divided
into five areas: financial stability, education access and
standard, home and neighborhood environment, social and
community context. These guidelines do not include children
aged below 2 year. The main screening and diagnostic tool
used by them is the body mass index [3,4].

More importance is given to evaluation of overweight
and obesity. This includes a complete medical and social
history, history of nutrition and physical activity, behavioral
health, eating disorders, and the most important being the
assessment of patient’s readiness to change.

The current guidelines also emphasizes the initial eva-
luation and diagnostic tests for several common comor-
bidities such as dyslipidemia, type 2 diabetes mellitus
(T2DM), non-alcoholic fatty liver disease (NAFLD), hyper-
tension, obstructive sleep apnea, polycystic ovarian synd-
rome, depression and slipped capital femoral epiphysis.

TREATMENT

Obesity being a chronic disease, AAP endorses intensive and
long-term care treatment plan. Motivational interviewing
(MI) has a significant role in the treatment. MI focuses on the
patient. It is a form of counselling that identifies and pro-
motes the child/adolescent patient’s willingness for change.
This is unlike the old strategy in which care provider suggests
behavioral changes. MI helps families to identify the
behavior that needs to be changed, taking into account parent
and adolescent desire [5].

Another focus is on intensive health behavior and lifes-
tyle treatment (IHBLT). However, this has some limitations
as it needs access to a multidisciplinary team in partnership
with the patient and their families promptly when overweight
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or obesity is diagnosed. This method employs health edu-
cation, behavior counselling and skill building on multiple
topics given in a healthcare setting over a period of 3 to 12
months, and with a contact period of ideally more than or
equal to 26 hours [6].

Behavior strategies that are given importance by the
AAP guidelines include:

Reduction of sugar sweetened beverages (SSB):  According
to AHA, added sugar of each day should not be more than 25
g or 6 teaspoons, and not more than one 8 ounce serving of
SSB per week. AAP recommends no fruit juices for children
below 12 years and even during exercise the main source for
hydration should be water [7-9].

This is quite similar to Indian Academy of Pediatrics
(IAP) Guidelines on the Fast and Junk Foods, Sugar Sweet-
ened Beverages, Fruit Juices, and Energy Drink [10], in child
less than 2 year it  encourages the intake of  local  and
seasonal fruits in diet, avoidance of fruit juice and SSB.
Older children and adolescents should avoid these drinks,
too. In case there is an intake of fruit juice, it should not be
more than 125 mL/day for children between 2 to 5 years, and
250 mL/day for above 5 years, and preferable given as fresh
juices. Water is promoted as the best drink. Children should
completely avoid carbonated drinks, tea and coffee [10].

Traffic light diet and 5210: In the 5-2-1-0 strategy, 5 fruits
and vegetables a day as per USDA Choose MyPlate
recommendations, 2 hours or less of screen time is similar to
previous AAP guidelines [11]; 60 min or more of moderate to
vigorous physical activity is similar  with the  physical acti-
vity [12,13]. Recommendations for Americans, and 0 SSBs
is consistent with guidelines by USDA, AHA and AAP [14].

Food Safety and Standards Authority of India (FSSAI)
had proposed a ban on sale of High in fat, salt and sugar
(HFSS) foods in school canteens in 2016. Food items were
categorized as ‘green’ for healthy foods, ‘red’ for HFSS
foods that should be banned, and ‘yellow’ foods should be
available less frequently in school canteens [15].

PREVENTION

Prevention strategies are not included in the AAP guidelines;
however, WHO recommends [16]:

• At primary health-care set up, in overweight children
aged below 5 years, doctors should provide counselling
on general nutrition and for physical activity to
caregivers.

• Children aged more than 5 years with obesity should be
evaluated and an appropriate management plan should
be given.

IMPLICATIONS FOR PRACTICE

Parents/caregivers play a major role in the management of
childhood obesity through various strategies including
regular weight monitoring, screen time limit setting, mini-
mizing barriers, strengthening family relations, and main-
tain positive home environment [17]. Regular screening of
child and adolescent with the use of body mass index (BMI)
percentile charts in office practice along with proper history
of the patient’s nutrition, lifestyle, sleep detail, physical
activity and mental health helps in early detection of obesity
in children.

For children, parents are their role models and they tend
to emulate their behavior. Hence, it is important to spread
awareness amongst parents to adopt healthy lifestyle. Early
modifications in lifestyle have great impact in prevention of
chronic diseases of adulthood.

Emphasis on nutrition education in the school should be
initiated to promote awareness among the children.  Schools
should also organize various competitions (poster, essay,
etc.) and debates on importance of healthy and balanced diet
and adverse effects of the junk foods to spread awareness.

Frequent monitoring of adolescents for overweight and
those with BMI >85 percentile for potential comorbidities
should be done in adolescent clinic [4]. Psychiatry or
behavioral history should be always asked: detail dietic
history  history of junk food ,history of screen time, any
stressor , boredom – these are causative factor for binge
eating, enables early detection and intervention [6].

The key messages are listed in Box I. We do not have any
guidelines that include the changes in lifestyle brought about
by increasing use of smartphones resulting in increase in
sedentary behaviour amongst children and adolescents. The
psychological impact of social media also needs to be
addressed. Also, updates regarding bariatric surgery should
be made available for practitioners. With the rise in obesity
seen in many regions of the country, it is high time that the
Indian Academy of Pediatrics also brings out comprehensive
management guidelines for this hidden epidemic.

Box I Key Messages

• Social determinants of health that are emphasised in the AAP
guideline, also play a role in our milieu.

• Motivational interviewing and involving the family plays a
major role in the management.

• Involving schools in educating children and adolescents, along
with psychological counselling for triggers of overeating can
have a better impact on health and nutrition

• Establishing adolescent health care centres in each district
enables timely detection of overweight and co-morbidities,
and ultimately reducing disease burden.
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SUMMARY

The SCOUT study is a multicenter, placebo-controlled,
double-blind randomized controlled trial conducted to
evaluate if a shorter 5-day course of antibiotics is non-
inferior to a standard 10-day course of antibiotics in children
with urinary tract infection (UTI) [1]. The eligible population
included children aged 2 months to 10 years who were being
treated for UTI with one of the five chosen antibiotics
(amoxicillin-clavulanate, cefixime, cefdinir, cephalexin, or
trimethoprim-sulfamethoxazole) and have become afebrile
and free of symptoms of UTI after 5 days of therapy. At this
time point, the eligible children were randomized to either the
short-course arm, in which antibiotics were replaced by a
matching placebo or the standard-course arm, in which
antibiotics were continued. The study drugs (placebo or
antibiotics) were continued to complete 10 days of therapy.
The study’s primary outcome was the recurrence of sympto-
matic UTI between two hospital visits - first on day 6 i.e., at
the time of randomization, and second between days 11 and
14. A definition with high specificity was used to identify the
primary outcome and included three criteria: symptoms,
pyuria, and positive urine culture. Secondary outcomes
included the individual components of the primary outcome,
and UTI between days 11-14 and days 38-44. The study also
reported the adverse effects of the drugs and the incidence of
gastrointestinal colonization with resistant organisms. The
sample size was calculated for investigating the non-
inferiority of the shorter antibiotic course. The study was
powered to detect a non-inferiority margin of 5%. This meant
that if the baseline incidence of treatment failure with the use
of a standard course of antibiotics was 5%, investigators
were willing to accept a treatment failure rate of 10% in the
shorter antibiotic course to consider it as a ‘clinically’ non-
inferior therapy. The primary analysis was conducted follow-
ing the intention-to-treat (ITT) principle. The primary out-
come was observed in 14 (4.2%) children in the short-course
group and 2 (0.6%) children in the standard-course group.
The upper margin of the confidence interval of the risk
difference was 5.5%. As this was more than the preset non-
inferiority margin of 5%, the non-inferiority of the short-
course therapy could not be proven. Children randomized to
the short-course therapy were also more likely to have

asymptomatic bacteriuria and a positive urine culture. The
two study groups had similar rates of adverse events and
antimicrobial resistance of stool flora. The authors conclu-
ded that although the non-inferiority could not be proven,
given the low incidence of failure (i.e., recurrence of
symptomatic UTI) with the short-course therapy, the latter
can be a reasonable option in children with UTI who show
improvement after 5 days of antibiotics.

CRITICAL APPRAISAL

Evidence-Based Medicine Viewpoint

This was a well-planned and conducted non-inferiority RCT.
The following are some important discussion points about
the critical appraisal of the study.

Assumptions regarding sample size and non-inferiority
margin: The study observed a much lower than expected
incidence of treatment failure with only 0.6% of children in
the standard-course arm and 4.2% of children in the short-
course arm developing symptomatic UTI. The upper margin
of the confidence interval of the difference between the
incidence of UTI in the two study groups was estimated to
be 5.5% which is higher than the pre-specified non-inferiority
margin of 5%. Therefore, the study was not able to prove the
non-inferiority of the short course. However, these results
raise two important issues.

First, the lower incidence of symptomatic UTI translates
into a much higher relative risk difference in the two study
groups. With the assumptions used during the sample size
calculation - an event rate of 5% in the standard-course
group and a non-inferiority margin of 5%, a 2-fold higher
relative risk of UTI was acceptable as non-inferior. However,
with the reported event rate of 0.6% in the standard-course
arm, the preset non-inferiority margin of 5% translates into an
8.3 times higher relative risk of UTI as non-inferior. Second, if
the short course is not proven to be statistically ‘non-
inferior,’ is it also statistically inferior to the standard course?
[2]. The study reports only the upper margin of the
confidence interval of the difference between the incidence
of UTI in the two study groups. The authors have used a 1-
sided statistical test and are therefore justified in not
reporting the lower margin of the CI [3]. However, we can

Short-Course Therapy for Pediatric Urinary Tract Infections
Source Citation: Zaoutis T, Shaikh N, Fisher BT, et al. Short-course therapy for urinary tract infections in children. JAMA
Pediatr. 2023 Jun 26:e231979. Epub ahead of print.  
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calculate the lower margin of the confidence interval with the
given data. Such a post hoc analysis (not reported in the
study) shows that the short course is also statistically
inferior (Fig.1) to the standard course (two-sided 95% CI:
1.3% to 5.8%, P=0.002).

 Given these two important issues - almost an eight times
greater relative risk of treatment failure and inferiority of the
short-course regimen, this treatment option may not be
acceptable to many families and clinicians.
Per protocol analysis: In an RCT designed to test
superiority, intention-to-treat (ITT) analysis is the primary
statistical approach [4]. Following ITT analysis means that
once a patient is randomized to a study group, (s)he will be
analyzed in that group irrespective of whether the assigned
intervention is adhered to completely, incompletely, not at all,
or reversed (patient randomized to experimental arm has
received the comparator or vice versa). This approach has
two advantages. First, it maintains the balance of prognostic
factors achieved by randomization. Study subjects who are
not compliant or do not receive the assigned intervention
may be inherently different with respect to their baseline
characteristics and prognostic factors from the study
subjects who are compliant and have received the full

intervention. Removing the non-compliant patients from
analysis breaks the balance achieved with randomization
and therefore increases the risk of bias in the study results.
Second, for most interventions, some degree of non-
adherence or non-compliance is inevitable in the ‘real world’
outside the realm of a tightly managed RCT. If an intervention
is truly superior to the comparator, mixing of compliant and
non-compliant patients in the analysis will move the
estimated effect size to null thus making the intervention
appear less (or non) efficacious. If the intervention remains
efficacious in the study population despite the inclusion of
non-compliant subjects in the analysis, it increases the belief
of researchers and clinicians in the superiority of the
intervention. However, in a non-inferiority trial, the second
advantage of the ITT (increased belief about superiority in
the real world) interferes with the purpose of the study. If in an
ITT analysis, the experimental intervention (short course of
antibiotics) comes out to be non-inferior to the active control
(standard course of antibiotics) - one may ask if this is true
non-inferiority or just due to the inclusion of non-compliant
patients in the analysis which has made the groups appear
similar (e.g., UTI occurring in non-compliant patients in both
the study groups would reduce the estimated risk diffe-
rence). For a non-inferiority trial, the objective of finding out
true non-inferiority takes precedence over the possible loss
of the balance of prognostic factors achieved by rando-
mization. Therefore, primary analysis in a non-inferiority trial
is per-protocol analysis, in which only those patients who
have adhered to the assigned study intervention are
included. However, excluding too many patients from
analysis because of non-adherence can not only make the
study underpowered but also cast doubt on reasons for
non-compliance (is the intervention non-acceptable?). In
this study, the authors have chosen ITT as the primary
analysis. Although, the authors do not provide a reason to
do so, probably they gave greater weightage to the preser-
vation of the balance of prognostic factors with ITT analysis
and were not concerned about non-compliance to the
intervention. A very low incidence of UTI in the standard
course arm reassures that the active control worked well,
rather, better than expected. Also, we would have been more
concerned about the use of ITT analysis in the study if it had
shown non-inferiority. Nevertheless, the authors also pre-
sent per-protocol analysis as a secondary approach. How-
ever, due to the exclusion of about 10% of patients due to
non-compliance, this analysis is underpowered. Interest-
ingly, the statistical plan provided with the manuscript as a
supplement targets recruiting 362 patients (not 326 as
mentioned in the manuscript) in each group to account for
the post-randomization exclusions from the analysis.

Generalization of study results - population and setting:
The authors conclude that the incidence of UTI is low even

Interpretation
A. Short-course non-inferior
B. Non-inferiority not proven
C. Short-course non-inferior
D. Short course non-inferior and superior
E. Short course non-inferior and inferior
F. Short course inferior (non-inferiority not proven)

Fig. 1 Possible results of a non-inferiority trial. Scenario F presents
the interpretation of the results of the SCOUT study.

A

B

C

D

E

F
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in the short-course antibiotic group and therefore this is a
reasonable alternative for children showing clinical
improvement after 5 days of therapy. If some readers agree
with this conclusion, before applying to their own clinic they
need to consider two factors. First, the children included in
the study constituted a selective population. If we exclude
children with a negative urine culture from the screened
cohort, 11880 children were potentially eligible for the study.
Of these, a large number were excluded due to various
reasons including the prescription of antimicrobials other
than those used in the study, the presence of genitourinary
abnormalities, recurrent UTI, and declined participation. The
latter is important as probably parents were not willing to
even take a 50% chance of randomization to a shorter course
of antimicrobials. Second, the incidence of infections with
antibiotic-resistant bacteria is much higher in India and
similar settings in low- and middle-income countries [5].
Curing UTIs due to these bacteria may need a longer duration
of therapy. At the same time, shorter courses of antibiotics
can potentially reduce the chances of the appearance of
drug-resistant colonies of bacteria and are therefore even
more needed in settings with a high prevalence of anti-
microbial resistance. Also, shorter courses of antibiotics
save costs and are more convenient.

This well conducted study presents the results achieved
with a short course of antibiotics in children with
uncomplicated UTI and early response by 5 days of therapy.
Before applying the results of the study, clinicians need to
think of balance between a slightly higher risk of recurrence
of UTI and benefits of shorter course to patient/family (more
convenience and lower cost of therapy) and community
(lower chances of emergence of resistant bacteria).
Funding: None; Competing interests; None stated.
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Pediatric Nephrologist’s Viewpoint

Urinary tract infection (UTI) is one of the most common
bacterial infections encountered in children, with an overall
prevalence of 7% among infants presenting with fever [1].
About 3-7% of children experience at least one episode of
UTI before their sixth birthday [2]. Recurrent UTI is
associated with scarring, hypertension and chronic kidney
disease; with reflux nephropathy accounting for 8-21% of all
end stage kidney diseases in children [3].

Given the increased morbidity with UTI, it is important to
identify and treat it promptly. In this randomized, placebo-
controlled, double-blinded, multicentre non-inferiority clinical
trial [4], the authors evaluated the efficacy and safety of
short-course (5 days antibiotic followed by 5 days placebo)
against standard-course (10 days antibiotic) antimicrobial
therapy in 664 children [4].

This meticulously done trial with strict criteria did not
show any meaningful benefit in prolonging the duration of
antibiotics in simple uncomplicated UTI. The number needed
to treat was 67 to prevent one febrile UTI, and 469 to prevent
one child from developing kidney scarring. This suggests
that five additional days of antibiotics in uncomplicated UTI
in children who are recovering after 5 days of oral antibiotics
may not make much difference in routine office practice. This
is in line with recent data suggesting a lower risk of kidney
scars (2.8%) in children following an episode of febrile UTI
[5]. Although, the National Institute for Health and Clinical
Excellence (NICE) guidelines [6] suggest a shorter 3-day
course for cystitis in children older than three months, the
Swiss [7], the American [8] and the Canadian [9] guidelines
recommend 7-14 days therapy for febrile UTI. The findings
from the SCOUT RCT may be an eye-opener demonstrating
lack of benefit in longer antibiotic courses, and over time,
may help modify these guidelines. Further randomized trials
on this topic are currently underway [10,11], and may shed
more light into this hitherto unresolved issue.
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Pediatrician’s Viewpoint

The optimal duration of antimicrobial therapy for pediatric
UTIs has been a subject of debate, with the aim of balancing
effective treatment against antibiotic overuse resulting in
antibiotic resistance, side effects, and costs. The current
treatment guidelines endorse a longer duration of antibiotic
use i.e., 7 to 14 days for the treatment of UTI [1-6].  However,
several studies have explored short courses of antibiotic
treatment (3-7 days) and found contradictory evidence [7-10].
Given these varied findings and recommendations, there’s a
pressing need for more pediatric-specific comparative data to
guide therapy duration recommendations for UTIs in children.

The SCOUT clinical trial is a recently conducted rando-
mized clinical non inferiority trial which compared short-

course (5 days) to standard-course (10 days) antibiotic
therapy for UTIs in children aged 2 months to 10 years, who
were diagnosed with symptomatic UTI [11]. Notably, while
the short-course therapy had a statistically significant higher
failure rate, the absolute numbers were still reasonably low.
There was a higher rate of asymptomatic bacteriuria and
positive urine culture at the day 11 to 14 in the short course
therapy; however, the rates of UTI after day 11 to 14 visit were
similar in the two groups. These findings highlight the need
to weigh the benefits of reduced antibiotic exposure against
the risk of treatment failure. The absence of a difference in
adverse events or gastrointestinal colonization with resistant
organisms between the two groups is reassuring.

The possibility of using a shorter course of treatment for
UTIs in children could have significant implications by
reducing the financial burden on the families and the
healthcare system at large. Additionally, the aim of the study
aligns with the global antibiotic stewardship efforts to
combat the emergence of antibiotic-resistant strains by
reducing the antibiotic overuse.While the study suggests
potential benefits of shorter treatment, the impact of local
epidemiology, prevalent uropathogens, resistance patterns,
individual factors such as the age of the child, type of UTI,
and the presence of underlying comorbidities like vesico-
uretric reflux and bladder and bowel dysfunction, on deter-
mining the antibiotic duration needs to be explored. There is
thus a need for additional research to validate these findings
and ensure their applicability across diverse patient
populations.
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The September issue of Indian Pediatrics, in 1973, featured
original research articles from heterogenous topics, but
predominantly pertaining to maternal-neonatal health issues
including perinatal mortality, maternal
nutrition, gestational age estimation score,
and necrotizing enterocolitis. We selected
a paper regarding the effect of maternal
nutrition supplementation on the birth
weight of the newborn. The objective was
to revisit the importance of a basic and
cost-effective intervention with potential
of huge public health impact.

THE PAST

The Study

The research paper by Qureshi, et al.[1]
was a quasi-experimental interventional
study of dietary supplementation in preg-
nant women of low socioeconomic status
on their newborn’s birth weight. This prospective study
assigned the intervention in the form of nutrition
supplements to 76 pregnant mothers in addition to their home
diet from 20 weeks till term: Group I received iron (60 mg/
day) and folic acid (0.5 mg/day) supplementation daily;
Group II received a standardized nutrition supplement
powder carrying 500 calories and 20 g protein per day along
with similar iron-folic acid dosage. The study outcomes
included neonatal birth weight and gain in maternal weight.
Both groups were also compared to a control group who did
not receive any antenatal care or dietary supplement (this
would have been unethical in the current era!). Mean (SD)
birthweight of babies born to Group I, Group II, and controls
was 2.78 (0.27), 3.32 (0.47) and 2.51 (0.25) kg, respectively.
Birth weight was statistically higher in Group II as compared
to Group I; and higher in both Group I and II as compared to
controls. Although maternal weight gain was also higher in
Group II with standardized supplement, the serum albumin
was comparable in both Group I and Group II, which was
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possibly due to utilization of extra supplemented protein for
fetal growth. Authors concluded that better antenatal care
and nutrition supplements to the pregnant mothers will

improve pregnancy outcome and
neonatal health.

The Background

Awareness regarding the influence of
maternal nutrition for healthy pregnancy
can be traced back to the medical
literatures of ancient civilizations like
Indus valley civilization (Sushruta and
Charaka Samhita), Greeks (Corpus
Hippocraticum), Romans (Natural
History) and in subsequent medieval
European civilizations [2]. In the early
nineteenth century, it was common
perception that large size of babies was a
result of over-nutrition; this also led to
practice of restriction in maternal food

intake. Average gestational weight gain was approximately
9.1 kg in published studies till 1940s. Davis, in 1921,
advocated the use of maternal weight gain as an indicator of
maternal nutrition, which in turn influences the fetal weight
gain. Increase in average birth weight (from 3100 g to 3600
g) was observed with increasing gestational weight gain
(from 7 kg to 13.6 kg) [3]. During 1970-80s, different
nutritional committees from Food and Nutrition Board
(FNB), American College of Obstetricians and
Gynaecologists (ACOG), and American Dietetic Asso-
ciation (ADA) emphasized on linear weight gain in addition
to total weight gain.  Over the span of 50 years between
1930s to 1980s, the recommended gestational weight gain
has almost doubled from 6.8 kg to 15.9 kg, which reflects the
standard practice change from restricting to encouraging
weight gain during pregnancy. Data from Western countries
show an increase in average weight gain of 3.6 to 4.5 kg in
1980s as compared to 1940s [4]. Food supplementation
programs for underprivileged groups were initiated in the
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1970s in USA, and in India from the year 1975 onwards,
under different schemes like Integrated Child Development
Services Scheme (ICDS), and Special Nutrition Programs
(SNP). Iron and folic acid supplementation for pregnant
mothers was incorporated as a routine policy practice
following the launch of National Nutritional Anemia Control
Program in India in the year 1970.

THE PRESENT

Nutritional interventions during pregnancy have been
studied in detail for their impact on infant health in the last 50
years. Maternal undernutrition along with micronutrient
deficiency (e.g., anemia) have been linked with poor
outcomes like low birth weight, preterm birth, and increased
maternal and childhood mortality. Balanced protein and
energy, Iron-folic acid (IFA) and multi-micronutrient
(MMN) supplementation are hypothesized to decrease the
risk of being born as low birthweight (LBW) [5]. A syste-
matic review of trials from low- and middle-income
countries showed that balanced energy protein supplement
can contribute to a 61% reduction in stillbirth [RR (95% CI),
0.39 (0.19-0.80)], 40% reduction in LBW [RR (95% CI)
0.60 (0.41-0.6)], 29% reduction in small for gestational age
(SGA) [RR (95% CI) 0.71 (0.54–0.94)] and increased birth
weight by 107.28 g [MD (95% CI) 107.28 g (68.51-146.04)]
[6]. In addition to balanced protein and calorie supple-
mentation, importance of multi-micronutrient supplemen-
tation has been stressed upon in the last two decades, as
pregnant women are deficient in micronutrients and macro-
nutrients alike. Multi-micronutrient supplement comprises
of multiple elements including antioxidants, minerals, and
vitamins, besides IFA. United Nations Inter-national multi-
ple micronutrient preparation is one of such standardized
preparation containing 15 different micronutrients at their
RDA level [7].  These nutrients have the potential to improve
fetal outcome through modulation of placental inflammation,
oxidative stress, and multiple enzymatic pathways. Signi-
ficant negative impact of their deficiency on fetus, which
extends to their adulthood, has led researchers to focus on the
role of multi-micronutrient supplementation in pregnancy.
Gupta, et al. [8] observed a 70% decrease in low birthweight
and 58% decrease in risk of early neonatal morbidity with
MMN supplement in undernourished pregnant mothers,
which highlights its relevance in resource constrained
countries like India. A meta-analysis of similar studies from
multiple low-income countries showed that decrease in
multiple micronutrient deficiency led to an increase in mean
birthweight [MD (95% CI) 22.4 g (8.3-36.4)], a decrease in
proportion of low birth weight [OR (95% CI) 0.89 (0.81-
0.97] and SGA birth [OR (95% CI) 0.90 (0.82-0.99)] as
compared to routine IFA supplementation. This positive
effect was not seen in mothers with low body mass index,
which indicates that micronutrients are not optimally utilized

in the presence of a negative energy balance [9,10]. This
observation may suggest for recommending the replacement
or augmentation of routine IFA supplementation with MMN
supplementation.

A recent two-stage meta-analysis by Smith, et al. [11]
tried to address this issue. They included data from 17
randomized controlled trials conducted in 14 low-income
and middle-income countries, comparing MMN supple-
ments containing IFA and IFA alone in 1,12,953 pregnant
women. The results indicated that antenatal MMN supple-
ments improved survival for female neonates, and resulted in
greater reductions in low birthweight, small for gestational-
age births, and 6-month mortality in infants born to anemic
mothers. The benefit was maximum if the supplementation is
started early (before 20 weeks gestation) and high comp-
liance (≥95%) can be ensured.

CONCLUSION
Infant health is directly and indirectly related to pre pregnant,
pregnant, and lactating mother nutrition. Although, burden of
malnutrition and underweight infants has improved over the
last four decades, around one-fifth women of reproductive
age group, and neonates are still undernourished. Further
community-based research on protein, calorie and MMN
supplement in combination, and calcium, zinc, and fortifi-
cation of staple food with micronutrients, is needed to
improve maternal-child health. Research on MMN supple-
mentation needs to focus on infant health, considering the
maternal nutritional status.
Funding: None; Competing interests: None stated.
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Reversible Basal Ganglia Changes
in a Child With  Infantile Tremor
Syndrome

Cobalamine or vitamin B12 plays an important role across
various metabolic pathways mainly as co-factors viz.,
methylcobalamin and adenosyl cobalamine, required for
enzymes methionine synthase, and methyl malonyl coenzyme
A mutase, respectively [1]. In its deficiency, these pathways
are blocked, resulting in homocysteine and methylmalonic
acid accumulation which causes neurological manifestations.
Infantile tremor syndrome (ITS), classified as a neuro-
cutaneous disorder under the defi-ciency of vitamin B12 is
characterized by a constellation of developmental disorders,
pallor, and pigmentation defects of hair and skin [2]. Herein,
we present a case of ITS with reversible basal ganglia lesions.

A 9-month-old girl, born to non-consanguineous parents,
presented with delayed development with gradual loss of
milestones noticed from 7 months of age. At the age of 6
months, she was able to roll over, had attained bi-dextrous
reach, and could recognize her parents. On initiating comple-
mentary feeds, she would spit out or vomit, and therefore was
continued on exclusive breast feeds. Mother was on dietary
restrictions during pregnancy and lactation – would consume
only a vegetarian diet with restrictions on dairy products.
Over the next 2 months, she developed hyperpigmentation of
knuckles and sparse and hypopigmented hair. By the ninth
month, she lost pre-viously attained milestones—was unable
to roll over, had lost head control, would not recognize
parents with reduced playfulness, and was persistently
irritable. On examination, weight for age was 6.5 kg (<-3z
score), head circumference 41cm (-2 to -3z score), had
glossitis, sparse hypopigmented lustreless hair, pallor, and
hyperpigmentation of knuckle (Fig. 1 A-C). She was listless
and irritable, both hypotonia and dystonia were noted with
decreased reflexes.

Investigations revealed megaloblastic anemia (haemo-
globin -10. 3 g/dL and MCV 102.1 fL) with hyper segmented
neutrophils, low vitamin B12 (79 pg/mL), and elevated serum
homocysteine levels (161 µmol/L) with normal folate levels.
Blood gas, ammonia (<10 µmol/L), lactate (17.5 mg/dL), and
tandem mass spectrometry (TMS) were normal. MRI of the
brain showed diffuse cortical atrophy with heterogenous
signal changes in bilateral basal ganglia (Fig 1 E, F).

The mother’s investigations showed dimorphic anemia
(haemoglobin -9 g/dL and MCV 73.8 fL), low vitamin B12
(176.4 pg/mL), and elevated serum homocysteine (35.57
µmol/L). The child was started on intravenous vitamin B12
(methylcobalamin) 1000 mcg once daily. After 3 days of
intravenous vitamin B12, she developed tremors and showed
improvement in general well-being. By the end of the second
week of vitamin B12 therapy, the child regained head control
and partial rollover, was able to reach for objects again,
started to recognize her mother, and deve-loped stranger
anxiety. The child was also started on nutritional rehabili-
tation and oral vitamin B12 supplements of 1000 mcg per
day.  Oral vitamin B12 supplements were also given to the
mother. Her hair and skin changes had normalized during the
three months of follow-up. She had learned to sit without
support, was able to creep, spoke one word with meaning,
and waved bye (Fig. 1D) Repeat MRI of the brain on follow-
up showed cortical atrophy; although, signal changes in basal
ganglia had reversed (Fig 1G, H). The whole exome sequen-
cing and mitochondrial exome did not reveal any pathogenic
variants.

The differential diagnosis considered with symmetric
basal ganglia disease with regression includes inborn errors
of metabolism involving organic acids, aminoacidopathies,
defects of cobalamine synthesis, and Leigh-like disease due
to mitochondrial disorder.

A previous case series reported the involvement of
globus pallidus, substantia nigra, and caudate nucleus [4].
Kesavan, et al. [5] reported a case of basal ganglia lesions
noted due to severe vitamin B12 deficiency which was com-
pletely reversed as seen in the current case. However, our
case has bilateral putamen findings in the MRI of the brain,
with no variants detected in the whole exome and
mitochondrial exome sequencing [5].

We propose that basal ganglia lesions may be due to the
accumulation of methylmalonic acid both intra and extra-
cellular, which affects the succinate-dependent mitochon-
drial oxygen utilization [6]. The basal ganglia lesions had
complete reversal upon cobalamine supplementation. Thus,
we herein document that Vitamin B12 deficiency can have
reversible basal ganglia lesions in the MRI of the brain and
this treatable cause should be suspected if clinical features
are suggestive of vitamin B12 deficiency.
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Expectant Management in the
BeNeDuctusTrial

We would like to thank the editors for discussing our
recently published results of the BeNeDuctus trial in the
journal [1,2]. We would like to comment on some concerns
about open label treatment, paracetamol exposure and daily
fluid intake, which were raised in the neonatologist’s
viewpoint [1].

Regarding the open label treatment, the data is actually
presented in the article [2]. Only one patient (0.7%) in the
expectant management group received open label ibuprofen
for three courses in total [2]. Additionally, no patient in the
expectant management group underwent surgical or endo-
vascular patent ductus arteriosus (PDA) closure prior to
discharge home. As stated, we deliberately did not design a
placebo-controlled trial. In fact, we randomized treatment
intention, which might have contributed to this low open
label treatment percentage.

As per study protocol, no co-interventions were allowed
with the intention to close the PDA. If paracetamol was
given, it was given in an analgesic dosage (20 to 40 mg/kg/
day), rather than the advised higher dose of 60 mg/kg/day
generally used to induce PDA closure [3]. In fact, we think
that the absolute risk difference of -13.0% (95% CI -23.9 to
-2.0) in paracetamol exposure might be driven by our
treatment intention randomization strategy and our endeavor
to refrain from (co-)interventions in the expectant manage-
ment group. This might have led to a higher threshold to start
paracetamol in these patients, even in the analgesic dosage.
Apart from the early ibuprofen treatment, the higher (co-)
administration of paracetamol in the early pharmacological
treatment group might have additional injurious effects on
the developing lung, as has been suggested recently [4].

Regarding the daily fluid intake, we presented the intake
on postnatal day 7 in the supplementary material. This did
not differ significantly i.e., 162 (IQR 157-181) mL/kg/24
hour in the expectant management group vs 160 [IQR 150-
184] mL/kg/24 hour in the early pharmacological treatment
group [2]. Fluid restriction; although, commonly used as
supportive care in infants with PDA, should, in our opinion,
be avoided, since it has been association with reduced
growth and probably worsened systemic hypoperfusion [5].

We are currently collecting neurodevelopmental out-
come data assessed at two years corrected age. Furthermore,
we are reassessing echocardiograms to further stratify those
patients with a high transductal shunt volume at enrollment
and analyze whether our primary hypothesis of non-
inferiority holds within this group. Although, many neonato-
logists, including ourselves, feel there might be a subgroup
that would benefit from early pharmacological treatment, to
date this has not been proven.
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Isolated Decreased Platelets in a Child:
Thinking Beyond Immune
Thrombocytopenia

Immune thrombocytopenia is the commonest diagnosis
in a previously healthy child with sudden onset muco-
cutaneous bleeding and presence of isolated thrombo-
cytopenia. However, subtle clues in history, examination
and laboratory findings may help clinch an alternate
diagnosis and hence a different treatment approach. We
present the case of an 8-year-old girl, first born of a non-
consanguineous couple; who was brought with comp-
laints of four episodes of spontaneous profuse bilateral
epistaxis since past 20 days. There was no history of
preceding trauma, nose picking, nasal blockade, foreign
body insertion, upper respiratory tract infection, sinusitis,
allergy or fever. There was no bleeding from any other
site. Child had no history of hypertension, chronic disease
or chronic drug intake. Family history was unremarkable
for any bleeding disorders. Antenatal and birth history
were uneventful with no abnormal umbilical stump bleed.
Child had mild pallor, bilateral nasal clots but no
petechiae, bruises, rashes, lymphadenopathy, hepato-
splenomegaly, joint swellings or dysmorphism. Anthro-
pometry was age-appropriate. Hemogram with peripheral
smear showed hemoglobin of 8.6 g/dL, total leucocyte
count of 7.6 ×109/L and platelets of 71×109/L, normo-
cytic normochromic anemia, normal granulocytes and
large platelet forms with normal platelet granularity.
Mean platelet volume was 11.5 fL and platelet distri-
bution width was 17.6 fL. Coagulation profile, and liver
and kidney function tests were normal. Bone marrow
aspirate revealed increased megakaryopoesis. Human
immunodeficiency virus serology, Hepatitis B surface
antigen, Anti-Hepatitis C antibody, anti-nuclear antibody,
direct Coomb test were negative.

Child required bilateral anterior nasal packing at
admission. Continuing epistaxis after nasal pack removal
warranted bilateral nasal endoscopy with cauterization.
Supportive treatment with oral tranexamic acid and
intranasal xylometazoline and hemocoagulase was given.
Review of treatment in the previous two weeks showed that
child had thrombocytopenia (50 × 109/L to 110 ×109/L),
disproportionate to degree of bleed, with unusually large
platelet forms on peripheral smear. Child was treated with

platelet transfusions. No intravenous immunoglobulin or
steroid was given. Differentials included immune thrombo-
cytopenia (ITP), inherited thrombocytopathies with macro-
thrombocytopenia, and Von Willebrand disease (VWD).
VWD assay was normal. Platelet aggregation study showed
absent response to ristocetin and low expression of platelet
surface GP1b/IX was seen on flow cytometry confirming
Bernard-Soulier syndrome (BSS). Family screening of the
parents for BSS was normal.

Inherited thrombocytopathies with macrothrombo-
cytopenia are important differentials of ITP. These include
BSS and Myosin Heavy Chain-9 (MYH9) anomalies [1].
Bleeding disproportionate to degree of thrombocytopenia,
unusually large platelets on peripheral smear, sustained rise
of platelet count after platelet transfusion in absence of ITP
therapy, stoppage of bleeding after platelet transfusion, ITP
refractory to standard treatment, family history of bleeding
diathesis, consanguinity, and dysmorphic features should
raise suspicion of an underlying inherited thrombocytopathy
in a child suspected of ITP [2]. BSS is a rare inherited
thrombocytopathy characterized by quantitative or qualita-
tive defects of the platelet membrane glycoprotein (GP) Ib/
IX/V complex [3]. Presentation as muco-cutaneous bleeding
with variably associated thrombocytopenia and large
platelets often leads to a misdiagnosis of ITP. Treatment of
BSS includes antifibrinolytic agents, desmopressin, high-
threshold platelet transfusion, recombinant factor VIIa and
counselling.
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Dabbling With Night Time Dribbling:
Management of Nocturnal Enuresis

We congratulate the authors of the randomized controled
trial on use of desmopressin plus tolterodine or
desmopressin plus indomethacin in children with
monosymptomatic nocturnal enuresis (MNE) or non-
monosymptomatic nocturnal enuresis (NMNE) [1].
However, we would like to draw attention to following and
seek issue relatd to the paper [1].

i) The authors have quoted the International Children’s
Continence Society (ICCS) recommendations for
management, but the ICCS guidelines [2,3] have
clearly stated that the first line therapy should be either
alarm therapy or desmopressin, based on presence of
nocturnal polyuria and maximum voided volumes
(MVV). In children resistant to these therapies, a
combination of both should be tried [2,3]. It is not clear
from the study [1] whether combination of alarm
therapy and desmopressin was tried before the use of
the study drugs.

ii) Also the investigators have enrolled children with both
NMNE and MNE in their study, with children with
NMNE contributing significant proportion to both the
groups. It may not be entirely justified to expose
children with MNE to additional medications and their
adverse effects as they are expected to have a more
benign course and greater chance of resolution [4].
Previous studies have also demonstrated benefit of
anticholinergics primarily in NMNE [5].

iii) Lastly, the goal of nocturnal enuresis management is
not as so much about achieving dry nights as it is
keeping the child dry at night, once the medications are
off. Previous studies have reported high relapse rates
when desmopressin or combination therapy of desmo-
pressin with anticholinergics is stopped. Therefore, it

would be prudent to comment on the efficacy of any
drug combinations in nocturnal enuresis only in totality
including the outcome of ability to sustain nocturnal
continence after the drugs are withdrawn.

Thus, it is probably prudent to be more parsimonious in
prescribing medications including desmopressin to children
with nocturnal enuresis, especially to those with MSNE.
These children should undergo careful evaluation to rule out
comorbidities leading to failure of alarm therapy and/or
desmopressin and all attempts should be made to identify
subgroup of children most likely to respond to
anticholinergics or other add on medications.
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Stress during Minimally Invasive
Surfactant Treatment in Very Preterm
Infants

We read with interest the article on minimally invasive
surfactant therapy (MIST) in preterm infants [1]. We
would like to highlight certain aspects of the study and
seek clarifications.

Most of the published literature has used Poractant for
MIST [2]. The authors in their study have used Beractant,
and the volume being higher than poractant, it is likely to take
more time in administration, have more chances of spillage,
and more chances of bradycardia and desaturation while
administration. It is logical that the amount of stress and pain
for the neonate during MIST will dependon the duration of
time of administration, thus poractant would actually be the
surfactant of choice for MIST, volume being lesser than
beractant.

Nowadays, Surfcath (Vygon) is available, which is best
suited for MIST, as the device is firm enough to navigate and
small caliber enough to allow spontaneously breathing in a
baby. It may actually be less stressful for the baby as the useof
this device is far easier than maneuvering a feeding tube.
Lastly, the amount of pain during the procedure may also be
expertise dependent, as the level of experience of the
operator remains a critical determinant of success [3]. The
operator handling of laryngoscope and the entire procedure
may be different in hands of an expert and a novice. The
chances of failure of MIST and need of second attempt for
MIST may also be less in hands of an expert [4]. It is also
worth mentioning that all babies undergoing MIST should at
least receive non-pharmacological analgesia, such as
swaddling, facilitated tucking, holding, or 24% sucrose
analgesia, if not pharmacological analgesia and sedation.
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We are thankful to the readers for their interest in the
article [1]. Our responses are detailed below.

Though several published studies have used Poractant
for MIST, emerging evidence is also available to support the
use of Beractant, despite its high volume, with LISA/MIST
based both on short-term and long-term outcomes [2-4].
Most clinicians, especially in the public sector, do not have a
choice of surfactant, and have to use the one provided by the
institution [2]. Beractant is easily available and used more
commonly. It is possible that high volume surfactants like
beractant might cause greater stress and pain while
administration, and that was exactly what we have tried to
observe in this study. Though most of the pain and
discomfort is attributed to laryngoscopy, more studies are
required comparing the pain and discomfort between low
volume and high volume surfactants used for LISA/MIST.

Surfcath (Vygon) seems to be a promising option for
surfactant administration, but easy availability and cost can
be limiting factors. Also, there is limited evidence comparing
the safety and efficacyof flexible versus stiff catheters.
Bhattacharya, et al. [5] showed that there was no difference
between flexible and stiff catheters in the rate of procedural
success during LISA/MIST. Though, an in vitro study
comparing different catheters in a mannequin model did
show that stiff catheter insertion is quicker and easier
compared to flexible catheters [6]. Due to the paucity of data,
we feel that there is a need to generate more evidence in this
regard.

In our study, trained senior residents (post MD) adminis-
tered surfactant by MIST. We provided non-pharmacologic
pain relieving measures to every infant, as also mentioned in
the methods section of the publication [1]; however, no pre-
medication was provided. There are no clear answers about
the best procedural analgesia for LISA/MIST, and therefore
we need more studies to guide us about the best analgesia
during MIST/LISA to make the procedure more comfortable
for tiny preterm babies.
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Transient Hypothyroidism Due to
Accidental Ingestion of Povidone-Iodine
Solution in a Preschooler

Povidone-iodine solutions are widely used as an antiseptic
medication for treating and preventing wound infections.
We herein report a child who presented with transient
hypothyroidism after accidental ingestion of this solution.

A 4-year-5-month-old girl was brought with an alleged
history of ingesting 5 mL of povidone-iodine solution (date
of drug expiry one year prior to the incident) instead of cough
syrup. She developed abdominal pain and an episode of
vomiting following the ingestion, which subsided with
conservative treatment. Physical examination and vital signs
were normal. Starchy food with bread and medications for
gastro-protection were initiated. Initial investigations
showed elevated thyroid stimulating hormone (TSH) level of
10.54 µIU/mL (normal range: 0.5-6 µIU/mL), normal free
T4, 1.62 ng/dL (normal range: 0.7-2.0 ng/dL), and normal
free T3, 5.03 pg/mL (normal: 2.4-5.6 pg/mL). Renal function
tests and serum electrolytes were normal. Iodine concen-
tration in the urine sample was elevated (198 µg/dL) (normal
<100 µg/dL). The urine output and repeat renal function tests
were normal, with no evidence of acute kidney injury. She
was discharged after 48 hours with health education to
parents regarding child proofing at home. She was reviewed
after seven days and repeat thyroid functions (TSH: 0.97
µIU/mL, free T4: 1.48 ng/dL, and free T3: 3.93 pg/mL) were
within normal limits.

Iodine-based mouth gargling solutions containing povi-
done-iodine are in use for disinfection of the oral cavity.
Despite its common use, poisoning is unusual and previously
reported effects are mainly complications of topical usage
during surgical procedures [1]. Iodine is an essential element
for thyroid hormone synthesis [2]. However, excess iodine

levels may cause a transient decrease in thyroid hormone
production by inhibiting the organification of iodine, result-
ing in hypothyroidism, which is known as the acute Wolff-
Chaikoff effect [3]. This inhibition serves as a temporary
protection against hyperthyroidism. Early administration of
starch-containing food is suggested to convert iodine to the
much less toxic iodide [4]. As it was transient hypothy-
roidism, we did not administer levothyroxine to our patient.

Accidental ingestion of drugs resulting in poisoning and
adverse drug effects is increasing all over the world with
parent’s medication administration error as an important
factor [5]. Educating parents about intensified child super-
vision, safe storage of drugs, and proper drug dosage and
administration will go a long way to prevent poisoning
incidents.
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Water to Prevent Childhood Overweight

Over the last five decades the incidence of childhood over-
weight and obesity has increased drastically not only in high-
income countries but also in low- and middle-income
countries, especially in the urban population. According to
WHO in 2020, globally ~ 39 million children under the age
of 5 years were overweight or obese, and almost half of these
were from Asia. Early onset of obesity is associated with
multiple problems like breathing difficulties, increased risk
of fractures, insulin resis-tance and psychological effects
along with increased higher chances of obesity, premature
death and disability in adulthood. Measures like limited
energy intake, increase consumption of fruit and vegetables,
and regular physical activity have been suggested to reduce
the development of overweight and obesity in children.

In a recent study from Stanford University, researchers
evaluated the effect of drinking water on maintaining the
body weight in school children. Students of 56 fourth-grade
classes in 18 elementary schools belonging to low-income
minority families were evaluated. Under the “Water First”
program - drinking tapwater stations were established and
water promotion was done as an intervention in nine schools
(remaining nine  schools were taken as control). In total, 1249
students were evaluated at baseline, 7 and 15 months during
the intervention. At the end of study period, students from
intervention group had significantly lower change in
overweight prevalence (0.5%) compared to students from
control group (3.7%). There was no effect of intervention on
the prevalence of obesity. Findings of the study suggests an
easy, cheap intervention to contain an emerging epidemic.
(Pediatrics 07 August, 2023)

Targeted Next Generation Sequencing for TB

Reports suggests that the number cases with Isoniazid
resistant TB is more than two times higher than the RR-TB
and approximately one-fifth of MDR/RR-TB cases also have
fluoroquinolone resistance. Only one third of people with
MDR/RR-TB were known to have been diagnosed and
enrolled on treatment. Recent approval of bedaquiline,
pretomanid, linezolid and moxifloxacin (BPaLM) treatment
regimens has shortened the treatment duration and improves
the outcomes of MDR/RR-TB cases.

In order to achieve the target of elimination of TB by
2030 and address the increasing concern about the risk of

resistance to bedaquiline and linezolid in near future, recently
WHO has released a communication for the participating
countries. In this WHO has emphasised the need of rapid
diagnosis of drug resistant TB and the modification of
regimens according to the available sensitivity pattern. For
this, all the stakeholders were requested to consider the use of
targeted next-generation sequencing (NGS) technology. By
including the newly added drugs in the test and identifying
the specific mutations associated with resistance, NGS
provides an option for rapid and accurate identification of
mutations associated with drug resistance, and guiding the
treatment regimens. (WHO.int July 25, 2023)

Healthy Sleep Routine of Mothers and Their Infants

Duration of infant sleep plays a critical role during early
childhood development as it has been associated with
physical health, cognitive, and psychosocial
development.Shorter sleep duration in infants is found to be
associated with poor growth, increased risk for injuries,
higher BMI and poor cognitive development. On the other
side parenting stress, infant sleep duration and feeding
patterns influence the maternal sleep duration which can
have negative impact on mother’s physical and mental health,
ultimately affecting her child and family.

In a recent study, 464 participants of STRONG Kids 2
birth cohort were studied to find a relationship between the
sleeping patterns of infants and their mothers during first 2
years of life.Participants were followed at 3, 12, 18, and 24
months of age and details about bedtime routines, their
child’s sleep duration, nighttime waking, and sleep problems
were noted. Two sleep patterns were noted among the
mothers – low maternal sleep pattern group (getting 5-6
hour’s sleep/night) and average maternal sleep pattern group
(getting 7-8 hour’s sleep/night). Infants in low maternal sleep
pattern group had shorter duration of sleep compared to those
in average sleep pattern group. In this study consistent sleep
routines and earlier bedtime are important factors found to be
associated with better sleep patterns in both infants and their
mothers. Simple measure like early bedtime routine can
improve sleep duration and reduce various sleep related
problems, thus helps in improving the neurocognitive
outcomes and health in children. (Journal of Developmental
& Behavioral Pediatrics 22 July, 2023)
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Bilirubin-displacing effect of ceftriaxone in infants with
unconjugated hyperbilirubinemia born at term (J Pediatr.
2023;254:91-5)

This prospective study was conducted with the aim to evaluate the
effect of intravenous (IV) ceftriaxone on free bilirubin concen-
trations in infants with unconjugated hyperbiliru-binemia born at
term. They included 27 infants born at term <7 days old with sepsis
and receiving IV antibiotics for >3 days and resolving hyperbili-
rubinemia with total serum bilirubin levels between 6 and 12 mg/
dL by day 4 of life. Free bilirubin was assessed before (baseline)
and at follow-up, 15 minutes after IV ceftriaxone administration on
postnatal days 4 to 6. The bilirubin-albumin binding affinity, Ka
(L/mmoL) was measured as: total serum bilirubin - free bilirubin/
free bilirubin (albumin - total serum bilirubin + free bilirubin). An
auditory brainstem-evoked response was measured at follow-up.
The free bilirubin after ceftriaxone administration/free bilirubin at
baseline before initiating the ceftriaxone ratio, an index of
displacing effect was 0.58 (95% CI 0.30-0.86) with zone fluidics
device. There were no significant differences in the Ka between
follow-up and baseline. The mean difference (SD) between follow-
up Ka and baseline Ka was  19.7 (63) L/mmoL, suggesting no
worsening of Ka after administration of ceftriaxone. All infants
passed the automated auditory brainstem-evoked response test
performed within 6 hours of IV ceftriaxone administration. The
author concluded that ceftriaxone was not associated with a
bilirubin-displacing effect in infants with mild unconjugated
hyperbilirubinemia.

Efficacy of oral psyllium in pediatric irritable bowel
syndrome (J Pediatr Gastroenterol Nutr. 2023;76:14-9)

Due to changes in lifestyle, pediatric IBS is becoming increasingly
common in office practice. Psyllium is a relatively inert substance
and is a useful alternative as compared to other pharmacotherapies
that have cholinergic and anticholingeric mismatches. This  double
blind randomized controlled trial (RCT) evaluated the efficacy of
psyllium husk as compared to placebo in pediatric IBS patients. In
this trial, 43 children were assigned to psyllium arm (Group A) and
38 into placebo (maltodextrin) arm (Group B). Both psyllium and
maltodextrin were administered in powder form and subjects were
asked to ingest it after mixing with plain water, twice a day. Both
powders were administered in the form of radio-opaque sachets,
with each sachet containing 3 g of either of the material, to ensure
double blinding.  Patients between 6 and 12 years of age were given
6 g per day and those in the 13-18 year age group were given 12 g
per day in two daily divided doses. Severity is assessed at baseline
and after 4 weeks of treatment using IBS severity scoring scale

(IBS-SSS) and classified into mild, moderate, and severe
categories. Mean ages (SD) of  Groups A and B were 9.87 (2.7) and
9.82 (3.17) years, respectively, with median duration of illness of
12 months. At baseline, type, severity, and IBS-SSS parameters
were equally distributed in two groups. There was a significant
reduction in median (IQR) of total IBS-SSS in psyllium vs placebo
[75 (42.5-140) vs 225 (185-270); P <0.001] at 4 weeks. Similarly
43.9% in Group A vs 9.7% in Group B attained remission [IBS-
SSS < 75 ( P< 0.001)]. The mean difference in IBS-SSS between
Group A and Group B was -122.85 with risk ratio of 0.64 (95% CI;
0.42-0.83; P = 0.001) and absolute risk reduction of 32% (NNT =
3). The authors concluded that psyllium husk is effective for the
therapy of pediatric IBS when compared with placebo in short-
term.

Long-term outcome of necrotizing enterocolitis and
spontaneous intestinal perforation (Pediatrics. 2022;
150:e2022056445)

ELGAN-ECHO (Extremely low gestational age newborns-
Environmental influences on Child Health Outcomes) study group
prospectively assessed the outcome of necrotizing enterocolitis
(NEC) and spontaneous intestinal perforation (SIP) survivors over
a span of 10-15 years for growth and neurodevelopmental (ND)
outcomes.  They compared children with medical NEC vs surgical
NEC vs surgical SIP vs neither NEC, nor SIP (controls). SIP was
defined as an isolated gastrointestinal perforation on radiograph
and managed by exploratory laparotomy or an abdominal drain
(without surgery) in the absence of other corroborative features of
NEC. The authors assessed anthropometrics, neurocognition,
attention-deficit/hyperactivity disorder, epilepsy, and gross motor
function. Children with medical NEC had similar weight, body
mass index (BMI), height, and head circumference when com-
pared with controls at 10 and 15 years. At 15 years, children with
surgical NEC had lower weight z score (adjusted β: -0.75, 95%
confidence interval [CI]: -1.25 to -0.25), lower BMI z score
(adjusted β: -0.55, 95% CI: -1.09 to -0.01), and lower height z
score (adjusted β: -0.65, 95% CI: -1.16 to -0.14). Children with SIP
had lower weight and height z-scores at baseline when adjusted for
sample attrition, but these differences were not significant when
adjusted for confounders. They did not observe any differences in
long-term ND outcomes between the groups. Authors concluded
that surgical NEC- and SIP-associated growth impairment may
persist through late childhood. ND outcomes among school-aged
children born extremely preterm with NEC/SIP are no different
from children without NEC or SIP.
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This book covers the very relevant and
pertinent area of undergraduate
medical education in a background of
changing concept, based on Compe-

Essentials of Pediatrics

PADMASANI VR, RAMACHANDRAN P
Universities Press
Pages: 724; Price: Rs. 1575/-

confidence of student to provide care at community level.
Each section of this book delivers numerous clinical

algorithms as one practical, portable resource. The book also
includes abundant quick reference tables for diseases and
conditions commonly seen in hospitalized children,
providing rapid access to bedside information when
decisions need to be made quickly. Sections with tables of
drug dosages are very useful for students.

The book includes latest updates and clinical develop-
ments in pediatric medicine, which truly makes it easy to find
what you need at the point of care. The easy-to-navigate
chapters cover signs and symptoms, differential diagnosis
and pediatric laboratory reference values, related to specific
diseases, medical emergencies, and care of the hospitalized
patient, with a particular emphasis on recent treatment
guidelines.

This book is written in a simple and easy to understand
language, and is able to create interest among readers. In
addition, a focused approach and portability makes it a most
suitable book for all undergraduate medical students for
training, case management and preparation for final
examination. The pediatricians, residents and faculty too
would find this book as a useful resource to their practice and
teaching-learning activities. As intended, it fulfils all the
qualities of a textbook of pediatrics.

VIRENDRA KUMAR
Maulana Azad Medical College, Delhi

drvkumar1@gmail.com

The updated 3rd Edition of IAP Textbook of Pediatrics
Infectious Diseases is the outcome of the learned and
experienced team of the Infectious Diseases Chapter
compiled and edited, experts of infectious diseases in
children. Infectious diseases often present as complex and
challenging clinical situations for practicing pediatricians.
The book lays emphasis on the practical understanding to
manage as relevant towards the patient care with the
inclusion of topics of current and future relevance.

Textbook of Pediatric Infectious
Diseases
Third Edition

JAYDEEP CHOUDHARY, DIGANT D
SHASTRI, RITABRATA KUNDU, VIJAY
YEWALE
Jaypee Brothers Medical Publishers
( P). Ltd,
Pages: 900,    Price: Rs. 2495/-

It constitutes 88 chapters with the contributions from
more than 100 authors. There is addition of new chapters
related to common and not so common infections. The book
has sections on general topics related to pediatric infectious
diseases, principles of management of infections and
approach to varied presentations of common infections. The
book dwells on systemic infections with their etiological
basis covering the whole gamut of microbes incorporating
the diagnostics, their relevance in clinical practice along with
the management algorithms and treatment protocols. There
is a section on vaccine preventable diseases, vaccines and
immunization, rational drug therapy, and drug dosages etc.

This third edition, in its revised and updated version, is
vastly covering all the infections and is also country-specific.
Indeed a very useful book for the Residents and Practicing
Pediatricians.

  SANGITA YADAV
Deparment of Pediatrics, HIMSR & HAHC,

                                                        New Delhi.
sangeetayadava@gmail.com

tency based medical education (CBME). The book contains
35 chapters, with use of colored charts, tables, figures and
photographs. In just 724 pages, it addresses different aspects
of pediatrics including normal physiological and
pathological concepts of diseases, contributed by 54 authors
and edited by eminent teachers.

Each chapter begins with a listing of learning objectives
and sum up with key points, self-assessment and case
scenarios. The book covers the subject in such a way as to set
off a new and stimulating train of thought in the mind of a
student who is curious. The chapters include all systemic
diseases along with systematic approach for management.

The section on growth and development is made easy to
understand with use of pictorial illustrations, tables and tools
of measurements. A simplified approach to deal with
pediatric emergencies at first point of contact shall not only
help the student to learn but also to improve the outcome.
Separate section on IMNCI approach shall boost the
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