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The Pandemic and India’s Children
PIYUSH GUPTA

National President, Indian Academy of Pediatrics 2021
prof.piyush.gupta@gmail.com

infected like adults, they are not getting the severe form of
the disease.  As per data collected in the first two waves,
even severe COVID infections in children are less likely to
require intensive care unit management.

However, the impact of the pandemic on our children
has not been limited to the actual disease, but a gamut of
related issues and lifestyle changes forced upon them due to
the pandemic. A recent study [3] found that almost one-
third of children had developed psychosocial problems,
presenting as symptoms of anxiety and depression. The
underlying problems for these ranged from the fear of
acquiring COVID-19 infection, not being able to attend
school, to not being able to meet friends. The thing they
missed the most, as well the activity they intended to
engage in as soon as the lockdowns were over, was to meet
friends [3].

One of the more serious side-effects of the pandemic
has been the reduction in child hospital visits. Any
pediatrician could attest to parents bringing their children
more frequently to their doctors, either for immunization or
even in cases of mild illnesses, than they would themselves.
These used to provide a vital stopgap in diagnosis and
management of chronic illnesses, which would have gone
unnoticed, since routine check-ups are almost non-existent
in a large part of the country. Now, due to COVID-19, there
is an increasing reluctance in bringing children to the
hospital. Sure, telemedicine has taken over, where it can,
but there is no denying the value of an in-person visit for
diagnosis of an underlying disease. Even routine immuni-
zation has suffered and can be disastrous in the long-term.
The pandemic indirectly might end up aiding the proli-
feration of a host of other illnesses. Then there is the
economic impact. Already marginalized communities have
borne the brunt of it, with no jobs, no income, and savings
exhausted. This will invariably have an impact on their
child’s nutrition, and in turn, their overall health.

School is an inextricable part of a child’s life, as
children spend at least a-quarter of their day in school or
traveling to and from it. That is, until the pandemic
necessitated stringent lockdowns. And with it, has come a
simultaneous need and opportunity for a paradigm shift in
education. We also are more cognizant of the possibility
that attending school is more important for socialization

Each generation has to go through an era-
defining upheaval. Some of us lived through
independence, some through wars, and some
through the economic liberalization of the 90s.

But, nothing could have prepared us for this. And in turn, it
would have been nearly impossible to prepare our children
for it. Nevertheless, they find themselves in the middle of a
pandemic with death, illness, and misery all around.

The oft-repeated assertion entering the lay con-
sciousness has been that children are safe from contracting
coronavirus disease 2019 (COVID-19). Whereas a truer
statement would be that they are relatively safer from
severe forms of COVID-19. They are not immune to it, and
the fact that the rate of mortality and severity is lower, does
not mean we let our guard down. It also does not mean that
we panic about a third wave where children are supposedly
at dis-proportionate risk. This pandemic has exhibited a
nonlinear, complex nature; all predictions, whether based
on complex mathematical model or past experience or even
just instinct, have gone for a toss. It would be prudent,
therefore, to be cautious against any speculation or
prediction unsubstantiated by hard evidence, especially
regarding the third wave specifically targeting children. All
this can result in is unwarranted mental trauma to children
and their caretakers rather than preparing them for
whatever lies in store. Usually, it is expected that every
fresh wave would be weaker than the previous one, but the
strange nature of the virus coupled with human behavior
has belied this. The second wave took a heavier toll unlike
expected and has given credence to the possibility that the
third wave might be even stronger. The number of people
infected has been much higher in the second wave;
proportionately, the number of children infected has also
increased. This remains a possibility even in the third wave
but there is no logical reasoning or evidence to believe that
the third wave will predominantly or exclusively affect
children [1].

An Indian Council of Medical Research survey
conducted in December, 2020 and January, 2021 showed
that the percentage of infected children in the age group of
10-17 years was around 25%, the same as adults [2].
Almost 90% of infections in children are mild/asymp-
tomatic. This indicates that while children are being
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and associated skills, rather than mere learning. In view of
this, and to take better care of our children’s mental health,
which has been tested time and again during the pandemic,
there is an imminent need to redesign school curricula, as
well as performance assessment systems.

A holistic approach to child mental health needs to be
adopted by parents and teachers alike, who need to be
sensitized into minimizing the stress on every child they are
responsible for. Equating excellence in academic learning
to self-worth merely serves to inflate an already compe-
titive environment and does not work towards discipline
and results. These positive traits need to be self-motivated
if they are to sustain for the long term, and the self-
motivation can only come from a place of mental calm and
security. To build this, screen-time needs to be reduced for
children. Yoga, meditation and other forms of exercise need
to be taken up. Since we have already seen the
psychological issues emanating from the pandemic, an
exclusive helpline to combat adolescent suicide, is long
overdue.

It is true that the pandemic has wrecked unprecedented
misery and chaos everywhere, but it has also exacerbated
existing problems like nutritional extremes. On one hand
we are battling with nutritional issues such as malnutrition
and anemia. The Comprehensive National Nutrition
Survey (CNNS) India 2016-18 that included data on
112316 children and adolescents revealed that only 6% of
infants are getting minimum acceptable diet, the prevalence
of wasting (defined as low weight-for-height, indicating
acute malnutrition) and stunting (defined as low height-for-
age, indicating long-term malnutrition) in under-five
children are 17% and 35%, respectively; and 41% of
preschoolers, 24% of school-age children, and 28% of
adolescents are anemic [4]. It is highly probable that the
problem has worsened during the pandemic, especially
amongst children belonging to underprivileged
communities, who are strugg-ling to make ends meet. On
the other hand, we have urban children living in
economically stable households, who are at the other end of
the nutritional extreme. In the last decade, options at home
for junking have been on the rise, and in the lockdowns,
have become ever-more prevalent [5].

Schools need to be reopened to provide a sense of
normalcy. However, as an Indian Academy of Pediatrics
(IAP) task force recently put forth in its guidelines [6], they
should be opened “only when the local epidemiological
parameters are favourable, the administration is equipped
with adequate infrastructure and health care facilities, and
the stakeholders (teachers, students, parents, and support
staff) are prepared for the new normal. In the meanwhile,
remote learning (media-based and /or otherwise) should
reach to the last student to maintain uninterrupted
education.” School attendance will ensure that children are

not leading a sedentary lifestyle, are mingling with peers,
and developing a healthy immunogenic arsenal.

The speculation about a third wave which pre-
dominantly affects children should not be seen as a reason
to panic, but an opportunity to better our pediatric
healthcare infrastructure, which has historically been
inadequate in normal times, let alone a pandemic. Not just
district hospitals, but even many medical colleges in the
country do not have intensive care services for children, be
it trained specialists or essential equipment. The motto has
to be – build in peacetime, so that we are ready for war.
Healthcare, especially for children, has to become a
priority if we are to handle a pandemic. This does not
simply mean buying more ventilators, procuring more
equipment or creating more beds. It also means making
sure that the workforce responsible for our children is not
scanty, starved, or scared.

The writing is on the wall for anyone to read. We can
not think short-term and expect long-term gains. Dealing
simply with COVID-19 will not erase decades of under-
investment in child health. There needs to be a long-term
commitment from all private and public stakeholders if we
are to be prepared for the next era-defining upheaval.

Note: This article is excerpted with permission from the author’s
lead editorial published on 18 June, 2021 in the Outlook magazine
titled “Our Penny stocks, Our Tomorrow.” The full article can be
accessed from the website of the magazine https://magazine.
outlookindia.com/story/collectors-issue-our-penny-stocks-our-
tomorrow/ 304673
Funding: None; Competing interests: None stated.
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Management of Thalassemia: Blood and Beyond
RASHID MERCHANT

Thalassemia Clinic, Nanavati Max Super Specialty Hospital, Mumbai, Maharashtra. deandoc2000@hotmail.com
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It has been almost a century since cases of
thalassemia were reported by Cooley and Lee for
the first time globally [1], and over eighty years
since they were reported by Mukerjee and Coelho for

the first time in India [2,3]. India has come a long way since
then in reducing thalassemia-related morbidity and
mortality, through collaborative efforts between govern-
ment bodies, medical institutions and NGOs. Societies run
by affected individuals and their parents have played an
incredible role in spreading awareness and helping the
thalassemia community navigate the medical and
psychosocial complexity of adapting to the condition [4].
Numerous novel therapies, diagnostics, and approaches to
management – stemming from decades of biomedical
research – are on the horizon and hold great promise for
improving the status-quo.

Though better management has substantially reduced
morbidity and mortality, the consequent increase in life
expectancy necessitates multidisciplinary care to mitigate
the clinical sequelae of iron overload such as endocrine
dysfunction and nutritional deficiencies. A study in this
issue conducted by Bhat, et al. [5] suggests that low levels
of vitamin C might be very common amongst individuals
affected by transfusion-dependent thalassemia. In the study
group a large majority of children were found to have
vitamin C deficiency, which was in turn found to be
associated with iron overload and higher oxidant levels.
Supplementation with vitamin C in deficient patients led to
a safe reduction of oxidant levels, which suggests that
supplementation of vitamin C along with dietary counse-
ling might reduce oxidative stress and thereby protect
against myocardial damage. Another study in this issue by
Singh and colleagues [6] reported that over a quarter of
patients in their study cohort required hormone replace-
ment therapy due to pubertal arrest/failure despite regular
transfusions, intensive chelation, and regular follow-up.
High systemic iron load was found to be the only
statistically correlated determinant of pubertal arrest/
failure, signaling the need for further personalization of
iron chelation regimes based on genetic susceptibility to
higher iron-overload.

Novel treatments such as Hb-F induction therapy and
gene therapy are eagerly awaited as they have the potential
to reduce the need for frequent blood transfusions and
consequent iron overload. The use of hydroxyurea
(hydroxycarbamide) has been studied in India [7], where
the authors found a mixed response to hydroxyurea in
cohorts of thalassemia intermedia and thalassemia major
patients. The correlation of certain haplotypes with
response to hydroxyurea supported the hypothesis that
response was governed by variable genetic mutations,
biochemical interactions, and γ/γ globin chain production.
In a unique study included in this issue, Chandra and
colleagues [8] report that over 75% of transfusion-
dependent thalassemia patients in their cohort experienced
a significant reduction in transfusion requirement and
serum ferritin levels after administration of thalidomide
over a 6-month period. Though encouraging, larger studies
will be required to establish a safe and effective dosage
regime, adverse event profile, drug interactions, and long-
term effects of this intervention.

Repurposing drugs such as hydroxyurea and
thalidomide might provide an effective way to reduce
dependence on blood transfusions and iron chelation
therapy; however, purpose-built novel therapies can take
this a step further. Luspatercept, the activin II receptor
trap, targets ineffective erythropoiesis and thereby
decreases transfusion frequency in transfusion-dependent
thalassemia patients – other similar therapies undergoing
trials include Sotatercept and JAK2 inhibitors [9].
Minihepcidin, Ferroportin and TMPRSS6 inhibitors are
promising novel therapies that improve iron dysregulation,
especially in non-transfusion-dependent thalassemia
patients [9]. In this issue, Soni [10] reviews gene therapy
treatment strategies including gene insertion-based
lentiviral vectors such as the recently EU-approved
Zynteglo, and CRISPR-Cas9 based gene-editing of
BCL11A, amongst others; these novel therapies will
provide a long-awaited alternative to patients who do not
have an HLA-matched donor for allogeneic hematopoietic
stem cell transplant.
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There is a high cost associated with thalassemia
management, novel therapies, and allogeneic hemato-
poietic stem cell transplants, hence reducing the burden of
thalassemia will simultaneously necessitate robust and
multi-pronged preventive interventions including precon-
ception, prenatal, and newborn screening. India’s regional
heterogeneity of HBB mutations has been studied by Colah,
et al. [11] amongst others and has led to the establishment
of such programs at various centers in India. It is important
that such programs also include appropriate counselling to
address fear and stigma associated with being diagnosed as
a carrier and enable informed reproductive decision-
making amongst high-risk couples [12].

In India, β-thalassemia poses a significant socio-eco-
nomic burden [13]. The discoveries and innovations cov-
ered in this issue have the potential to greatly reduce this
burden and improve the quality of life of affected individu-
als. Simultaneous public health interventions that improve
access and adherence will be necessary to tap into this  po-
tential. Given India’s underdeveloped reimbursement land-
scape, relatively low healthcare expenditure, and myriad
public health priorities, successful implementation of new
therapies, management strategies, and prevention programs
will require structured and sustained collaboration between
stakeholders across healthcare, government, social, and
private sectors. All in all, innovative public health interven-
tions coupled with cross-sector collaboration will enable
translation of the exciting new research  published in this
issue and elsewhere into better outcomes for India’s large
thalassemia community.
Funding: None; Competing interests: None stated.
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Vaccines for human fungal diseases: Close, but still a long
way to go!  (NPJ Vaccines. 2021;6: 33)

The authors reviewed the progress in the development of
anti-fungal vaccines. Various types of the vaccines (subunit
formulations to live attenuated fungi) have been tested in mouse
models and found to be protective against the common fungal
pathogens (Candida spp., Cryptococcus, and Aspergillus)
causing disease in humans. Superior efficacy was shown by
novel adjuvants and delivery systems aimed at stimulating arms
of the immune system critical for control of fungal invasion.
Three vaccines have already undergone human trials as

feasibility study and planned for further clinical trials in at-risk
populations. Two recombinant Candida vaccines [PEV7-
consists of recombinant aspartyl-proteinase 2 (Sap2), NDV-3,
contains the recombinant N-terminus of C. albicans agglutinin-
like sequence 3 protein] have reached human clinical testing and
have shown encouraging results. A formalin-killed spherule
(FKS) vaccine for coccidioidomycosis is the third anti-fungal
vaccine studied in humans, and it demonstrated the feasibility of
human trials of fungal vaccine. Apart from the individual
vaccine, search for a pan-fungal vaccine, which can protect
against majority of systemic fungal infections is going on.
Though these vaccines are still far away from routine use but it
gives a new hope for the high risk groups. 

RAJESH KUMAR MEENA
raj.mamc@gmail.com
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Coexistence of hereditary persistence of fetal
hemoglobin (HbF) in patients with transfusion-
dependent thalassemia (TDT) reduces the
severity of the disease with several of them

becoming non-transfusion dependent. This clinical benefit
of increased HbF appears to be due to a decrease in the
imbalance between β and non-β chains, resulting in
reduction of ineffective erythropoiesis and hemolysis [1].
Based on these observations, many drugs including
hydroxyurea, butyrate, 5-azacytidine etc have been studied
as inducers of HbF for patients with thalassaemia and sickle
cell disease (SCD) (2-6).

Thalidomide, a drug known for its immuno-
modulating and anti-angiogenic properties, has recently
been demonstrated to induce globin gene expression and
to increase the proliferation of erythroid cells [7].
Experience with use in non-TDT (NTDT) and TDT is
limited [8-10]. A recent study has shown major response
(hemoglobin rise >2 g/dL) in 50% and 71 % at one month
and three month of therapy, respectively in patients with
NTDT [11].

In patients with TDT, a recent study showed mean
hemoglobin increase from 8.9 g/dL to 10.5 (1.18) g/dL after
6 months of thalidomide treatment  [12]. Ramanan and
Kelkar from Pune have reported over 50% reduction in
serum ferritin in 59 (50%) patients with thalassemia [13].
This study was thus undertaken to assess the efficacy of
thalidomide in reducing transfusion requirement and iron
overload and to assess its safety in patients with TDT.
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Objective: To assess the efficacy and safety of thalidomide in
children with transfusion-dependent thalassemia.
Methods: This prospective, single center, open-label study
enrolled children aged 12-18 years, and who received thalidomide
for a duration of 6 months at a starting dose of 2-3 mg/kg/day.
Efficacy was assessed by reduction in transfusion requirement
and rate of fall of hemoglobin. Efficacy was classified as major,
moderate and minimal/no response depending on the reduction in
transfusion requirement. Safety was assessed by adverse effects
related to thalidomide.
Results: 37 children [mean (SD) age, 14.7 (1.8) years were
included. Rate of fall of hemoglobin reduced from a mean of 1.0
(0.24) g/week pre-thalidomide therapy to 0.58 (0.26) g/week after
6 months of thalidomide (P<0.001). 19 children (51.3%) had major

response and 12 (32.4%) had moderate response. In 13.5% and
32.4% children response was observed within the first and second
month of therapy, respectively. 15 (40.5%) children remained
transfusion - free for a median (IQR) time of 6 (3-10) weeks of
thalidomide therapy. Mean serum ferritin (SD) decreased from
1758.9 (835.1) to 1549.6(1016.9) (P<0.001). Mean HbF (SD)
showed an increase from 2.95(2.6) to 49.2(33.3) (P<0.001). In 32
children, 47 adverse events were observed. Common adverse
events were constipation and neutropenia (mostly mild).
Conclusions: Thalidomide resulted in major/moderate response
in majority of children with transfusion-dependent thalassemia
with satisfactory adverse effect profile.
Keywords:  Hemoglobin F, Iron overload, Transfusion
requirement.

Invited Commentary: Pages 609-10

METHODS

This prospective single-center open-label study was
conducted in a tertiary care public hospital of India from
October, 2019 to April, 2020. The Study included children
with TDT aged 12-18 years enrolled from the thalassemia
day care center, after detailed counselling regarding the
study and explaining the adverse effects of use of
thalidomide. Out of 37 patients, 4 had HbE-β-thalassemia,
but were clinically behaving as TDT. No patient in this
study was on hydroxyurea. Those having HIV, hepatitis C
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or hepatitis B infection, known neurological problems,
known chronic systemic disease, hypersplenism, and
patients with vitamin B12 or folate deficiency were
excluded. Post- pubertal girls were enrolled immediately
after menstrual period. Ethical clearance was obtained from
institutional ethics committee and approval of Drug
Controller General of India (DCGI) was obtained for use of
thalidomide for a new indication. A written consent was
obtained from the parents/ caregivers and assent was
obtained from the participating children.

The sample size was calculated using Epi Info (https://
www.openepi.com/SampleSize/SSMean.htm). A sample
size of 32 children was calculated considering the current
mean packed red blood cell (RBC) requirement of 220 mL/
kg/year and likely minimum 10% reduction in annual
packed RBC requirement when thalidomide is provided.
The sample size was computed considering the two tailed
test with an alpha error of 0.05 and power of 80%.
Considering a drop out of 15%, a final sample size of 37
children was enrolled in the study. 

Detailed history and examination was done at baseline
and during each follow up visit at 2-4 weeks interval. At
follow visits, enquiries were made specifically for consti-
pation, sedation and neurological symptoms. Baseline
investigations included complete blood counts, absolute
reticulocyte count (ARC) (using XN-1000 automated
hematology analyzer, Sysmex Corporation). Prothrom-bin
time (PT), activated partial thromboplastin time (aPTT)
and d-dimer levels were performed on STA compact Stago
automated coagulo-meter (Diagnostica Stago). These
investigations were repeated every four weeks. Hemo-
globin F (HbF) levels were estimated at baseline using Bio
Rad Variant II (BIO RAD, US) and was repeated at the end
of study at 6 months.

The goal of transfusion therapy was to keep pre-
transfusion hemoglobin level between 9-10.5 g/dL.
Thalidomide was started at dose of 2-3 mg/kg for 24
weeks [12]. Thalidomide was used in rounded-off value
and different strengths were also created using empty
capsules containing 25 mg drug. If the patient was
showing response and was free of adverse effect, the
same dose was continued. The dose was increased upto 3-
4 mg/kg in cases with no response with initial dose if the
drug was well tolerated (maximum dose given to patients
was 3.7 mg/kg/day). Ecosprin was not given to any
patient enrolled for the study, irrespective of dose of
thalidomide, except for the patient who were splenecto-
mized or transiently for patients with increased
D-dimer, during monitoring.

The response to thalidomide therapy was also assessed
as mean change in rate of fall of hemoglobin and

transfusion requirement during study period. The levels of
pre-transfusion hemoglobin, fetal hemoglobin, ARC and
serum ferritin were also compared. Subjects with more than
50% reduction in transfusion requirement as compared to
pre-study transfusion requirement were classified as having
major response (Group 1); those with 25-50% reduction in
transfusion requirement were classified as moderate
response (Group 2), and those with less than 25% decrease
in transfusion requirement were classified as minimal/no
response (Group 3).

Statistical analysis: The response was statistically
analyzed, using paired t test. In the three groups, response
was compared using ANOVA test. Post-hoc analysis was
also performed for finding out the statistically significant
differences. P value of less than 0.05 was considered as
statistically significant.

RESULTS

The flow of the study is shown in Fig. 1. The study included
37 children (M: F-2.36:1) with a mean age of 14.7 (1.82)
years. Table I describes baseline parameters of study
subjects. Notably, only one child was splenecto-mized, and
none had HIV, Hepatitis B or HCV infection. Mean (SD)
HbF level of the subjects was 2.95% (2.6%). Of the 33
children for whom information on mutation study was
available, seven children had variable combination of β0/β0

mutations, 9 patients had severe β+/severe β+ muta-tions,
and 5 patients were compound heterozygous for β0 and
severe β+ mutations. Seven patients had variable combi-
nation of either severe β+/ mild β+ or compound hetero-
zygous for β0 mutations with second mutation being

Screening
Patients eligible for the study – 61

↓

↓
Negative consent – 9

Total eligible patients left – 52

Total enrolled patient – 37

Excluded – 15 patients
Alloimmunization – 4
Hepatitis B reactive – 2
Hepatitis C reactive – 2
DFP induced joint deformity – 2
HIV infection, JIA co-morbidity,
hyper-eosinophilic syndrome,
hypersplenism, menstrual criteria
not met  – 1 each

↓

Fig. 1 Study flow chart.
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uncommon Indian mutation which could not be detected.
None of the subjects had low serum folate or vitamin B12
levels.

Table II describes changes observed in study
parameters as compared to baseline parameters. Rate of
fall of hemoglobin decreased from a mean of 1.0 (0.24) g/
week to 0.58 (0.26) g/week (P<0.001). Hemoglobin F
levels showed a significant increase and serum ferritin
decreased significantly (P<0.001). However, rise in mean
ARC was statistically not significant. In 32/37 (86.5%)
patients, the dose of drug was increased if they had
tolerated the drug well without any evidence of adverse
effects. In 27/37 (72.9%) patients, dose reduction was
done for development of adverse effects on any follow up
visit, but most of the adverse effects were either grade 1
or 2 [14].

Of the 37 patients recruited in the study, one child
succumbed to dengue shock syndrome during second
month of study period. In two children, therapy was
discontinued due to withdrawal of consent and adverse
effect in one case each. Nineteen children (51.3%) had
major response while 12 children (32.4%) had moderate
response; remaining 6 (16.2%) had minimal/no response.
Table III shows that before intervention, the three groups
were similar with respect to their mean pre-transfusion
hemoglobin and mean packed RBC received in 6 months

preceding the study period. However, during the study
period, the group with best response received 25.02 (10.37)
mL/kg packed RBC compared to the group with minimal/
no response receiving 67.76 (16.31) mL/kg (P<0.001).
Mean HbF in the group with best response was 66.9%
(28.59%) while in group 3 it was only 16.62% (11.23%)
(P<0.001). Although mean serum ferritin was significantly
decreased, the fall in individual groups was not statistically
significant.

In five children (13.5%) response was observed
within first month of therapy, 12 more responded in the
second month. Response was observed in third and fourth
month of therapy in additional 5 (13.51%) and 6
(16.21%) patients, respectively. During the study period,
15 (40.5%) children remained free of transfusion for a
median (IQR) time of 6 (3-10) weeks of thalidomide
therapy. However, after stopping thalidomide therapy, all
children have required transfusions after a median (IQR)
of 24 (19-52) days.

A total of rest 32 children had 47 adverse events;
constipation being the most common (14, 37.8%). Raised
transaminases in two children were considered unrelated,
as they were also receiving deferasirox. Other adverse
effects included somnolence/sedation (n=3) and mild
dizziness (n=5, in one child this necessitated disconti-
nuation of therapy). One child developed acute kidney
injury during study period. This child was also receiving
deferasirox, but as renal injury occurred during the study
period, thalidomide was discontinued. Neutropenia was
observed in 10 children; however, only one child had
absolute neutrophil count less than 500/mm3, which
required temporary cessation of thalidomide. D-dimer was
elevated in 6 (16.2%) children but none had any features
suggestive of thromboembolism. Infections occurred
during study period in 8 subjects: pneumonia, 2; chicken-

Table I Baseline Characteristics of Children With
Thalassemia Enrolled for the Study (N=37)

Characteristics Value

Age (y) 14.7 (1.8)
M: F 26:11 (2.36:1)
Packed red cell received,a mL/kg 75.7 (12.3)
Pre-transfusion hemoglobin, mg/dL 9.45 (0.67)
Serum ferritin, ng/mL 1758.9 (835.1)
Absolute reticulocyte count 24076.8 (27781.3)
Fetal hemoglobin (%) 2.95 (2.6)
Mutations (n=33)b

B0/ Severe β+ 28
E β-double heterozygous 4

Thalidomide dose (mg/kg/day) 2.05 (0.35)
Chelation, no.

Deferasirox 14
Deferasirox and deferiprone 23

Serum folate (ng/mL) 24.4 (14.9)
Serum vitamin B12 (pg/mL) 421.1 (147.2)

Data expressed as mean (SD) or as stated. aSix-month pre-study.
bMutation report of 4 patients were not available, and 1 patient did not
have any of the common mutations.

Table II Patient Characteristics at Baseline and on follow-up
in Children With Thalassemia Treated With Thalidomide

Characteristic Baseline End of the study

Hemoglobin, mg/dL (6 mo) 9.45 (0.67) 8.89 (0.6)
Transfusion requirement, 75.7 (12.3) 38.9 (19.1)
mL/kg (for 6 mo)

ROF of hemoglobin, (g/wk) 1.0 (0.24) 0.58 (0.3)
Absolute reticulocyte counta 24076.8 111518

(27781.3) (50236.8)
Serum ferritin, ng/mL 1758.9 1549.6

(835.1) (1016.9)
Hemoglobin, F (%) 2.95 (2.6) 49.2 (33.3)

Data expressed as mean (SD). ROF- Rate of fall. All P<0.001 except
aP=0.06.
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pox, 1; unclassified acute febrile illness, 3; and dengue
infection in 2 (one of whom died of dengue shock
syndrome). The patient who died of dengue shock
syndrome, the starting dose of thalidomide was 1.6 mg/kg,
upto maximum of 2.4 mg/kg in follow-up visit. That child
was not splenectomized, never had neutropenia during the
study period, and was on deferasirox alone. During the
febrile period, thalidomide had been withheld.

All adverse events were grade1 to grade 2 except one
episode of neutropenia (grade 3) and one episode of acute
kidney injury (grade 4), necessitating temporary cessation
of the drug. No female patient in our study population had
any menstrual abnormality. One child withdrew from the
study due to sedation interfering with his studies. This
child was on starting dose of 2.4 mg/kg thalidomide which
was reduced after grade 2 sedation.

Nerve conduction studies (NCV) were not performed
routinely at baseline or after therapy. Only one child
complained of mild tingling sensation, for which NCV
was performed, and thalidomide was restarted as it was
normal. His serum B12 and folate levels were normal.

DISCUSSION
Over the last decade, there has been an interest in use of
thalidomide in patients with thalassemia syndromes.
After initial isolated case reports, it was used with success
in patients with NTDT. In TDT, the experience is limited
and is now emerging. Jiskani and Memon [12] reported
good response in 70 children but the extent of decrease in
transfusion requirement was not commented upon. Yassin
[15] described his results on 37 patients including adults

and only 14 patients with TDT. He described response in
over 75% cases. He also describes the fall in transfusion
requirement in terms of ‘units’ of packed cells and not in
mL/kg [15]. Other studies from India and China have also
reported response in up to 70% patients [16-18].

The present study is exclusively on children with
TDT. We included children above 12 years as FDA
approval is restricted to 12 years or above [19]. We have
demonstrated major and moderate response in 51% and
32 % patients with reduction in transfusion requirement
coming up as early as first month of therapy. The response
rates and timing of response are similar to earlier studies
[15,16,20]. We assessed the weekly rate of fall of
hemoglobin which decreased significantly, as well as a
decrease in packed cell requirement. Of the responders,
15 patients remained transfusion free after a median
(IQR) of 6 (3-10) weeks. However, all our patients have
started requiring transfusions after stopping thalidomide.

The response to thalidomide is described to be by
production of fetal Hb. There are experimental studies
demonstrating increased HbF production with thalido-
mide and other related compounds [7,21,22]. Clinical
studies have not looked at rise in HbF; though, we found a
rise in HbF in those with major response. Thalidomide also
seems to have effect on iron overload. We observed
a modest but significant fall in mean serum ferritin; alth-
ough, all the patients continued to receive chelation. This is
in concordance with earlier observations [12,13,15].

Therapy with thalidomide was well-tolerated. Nag,
et al. [16] observed constipation in over 40% cases. Shah,

Table III Study Parameters in Children With Thalassemia Based on Response to Thalidomide

Parameter Major response (n=19) Moderate response (n=12) Mild response (n=6)

Pre-transfusion hemoglobin, mg/dL
Pre-study 9.53 (0.61) 9.47 (0.67) 9.12 (0.87)
At the end of studya 9.2 (0.58) 8.65 (0.51) 8.39 (0.36)

pRBC received, mL/kg
6 mo pre-study 73.96 (12.9) 77.8 (10.9) 77.1 (14.1)
6 mo during studyc 25.0 (10.4) 48.8 (8.9) 67.8 (16.3)

Thalidomide, mg/kg/d 2.53 (0.36) 2.28 (0.49) 2.56 (0.35)
ROF of Hb (g/wk)a 0.45 (0.17) 0.67 (0.29) 0.8 (0.19)
Hemoglobin F (%)

Pre-therapy 3.5 (2.2) 2.25 (3.0) 2.68 (3.0)
Post therapyb 66.9 (28.6) 39.74 (32.0) 16.62 (11.2)

Serum ferritin, ng/mL
Initial 1648.8 (700.4) 1867.4 (1237.5) 1890.4 (640.6 )
At the end of study 1314.4 (718.6) 1694.5 (1177.2) 1886.7 (1365.0)

Data expressed as mean (SD). Hb- Hemoglobin, pRBC-Pure red blood cell, ROF- Rate of fall. aP<0.01, bP=0.001; cP<0.001.
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et al. [17] described thrombocytopenia in 66%, but their
patients were also receiving hydroxyurea.  Neutropenia
was reported in 5% patients in another study [20].
However, we encountered neutropenia in 10 (27%) cases
one of which was severe necessitating temporary cessation.
Out of 10 study patients who developed low ANC during
the study period, 6/23 patients were on DFX and DFP and
4/14 patients were on DFX. However, risk of development
of neutropenia between the two group (on combined DFP
and DFX and on DFX alone was not statistically significant
(P=0.87). In a study by Naithani, et al. [23] on safety of
deferiprone in children, neutropenia was observed only in
2/44 patients. However, as DFP can also cause neutropenia,
children on deferiprone and thalidomide, they need a closer
watch on their blood counts. One concern that we have is
occurrence of infections in 8 subjects over the study period.
It is unclear whether this is a chance occurrence or related
to thalidomide administration. This is not described as a
known adverse effect of thalidomide.

The study has certain limitations. We have not studied
different doses. Moreover, follow up after stoppage of
drug was not a part of the study.

Therapy with thalidomide is being looked at as an
affordable alternative to transfusion therapy or at least to
partially offset the transfusion needs [24]. Being relatively
inexpensive and well tolerated also makes it a viable
option. However, for a drug to be administered indefinitely
there are certain questions which need to be addressed.
First, studies are required to find out most effective and safe
dose. Second, whether the drug should be continued in full
doses or doses can be reduced after a response is obtained.
Third, criteria for response need to be defined and applied
uniformly. Role of intermittent therapy also needs to be
explored. Safety under 12 years is also not been studied.
Interactions with DFX and DFP- two commonly
administered iron chelators also need to be studied. Larger
studies to answer these issues are required before decision
for long term routine use is taken. Till such time drug should
be used under strict monitoring of the patients.
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Diabetic ketoacidosis (DKA) is a life-
threatening complication in pediatric type 1
diabetes mellitus [1] with a mortality rate of
up to 13% in developing countries [2-5]. Fluid

and insulin are the cornerstones of DKA management.
Although rehydration alone can cause a marked decrease in
blood glucose, the objectives are to restore circulating
volume and replace the electrolytes and the fluid deficits
[1]. After the initial fluid resuscitation, insulin is essential to
normalize the hyperglycemia, for the correction of acidosis
by suppression of the lipolysis, ketogenesis, generation of
bicarbonate from ketoacid metabolism, and to restore the
normal cellular metabolism [1,6].

High dose (1 Unit/kg/hour) and bolus insulin strategy
are no longer practiced after studies found that a similar
therapeutic response could be achieved with a dose of 0.1

Unit/kg/hour with lower rates of adverse effects [7-10].
Limited studies have highlighted that lower insulin doses
(0.03 to 0.05 Unit/kg/hour) could normalize the raised
beta-hydroxybutyrate (BOHB) levels [11-14]. Recent
guidelines recommend insulin infusion at a dose of 0.05 to
0.1 Unit/kg/hour, and low-dose insulin is considered safe
and effective, despite not proving its superiority with
controlled studies [1].

In low-middle income countries, patients may benefit
from low-dose insulin because of associated comorbidities,
such as malnutrition, high risk of therapy-related hypo-
kalemia, and hypoglycemia [4]. With limited literature
available on the effect of low-dose versus standard-dose
insulin in the resolution of ketoacidosis, we hypothesized
that low-dose (0.05 Unit/kg/hour) would be associated with
early resolution of ketoacidosis, gradual decreases in blood
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Low-Dose (0.05 Unit/kg/hour) vs Standard-Dose (0.1 Unit/kg/hour)
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Objective: To compare the efficacy of insulin infusion of 0.05 Unit/
kg/hour vs 0.1 Unit/kg/hour in the management of pediatric
diabetic ketoacidosis (DKA).

Design: Randomized, double-blind controlled clinical trial.

Setting: Pediatric critical care division of a tertiary care hospital
from October, 2014 to July, 2018.

Participants: Children aged 12 years or younger with a diagnosis
of DKA. Children with septic shock and those who had received
insulin before enrollment were excluded.

Intervention: Low-dose (0.05 Unit/kg/hour) vs. Standard-dose
(0.1 Unit/kg/hour) insulin infusion.

Outcome measures: The primary endpoint was time for
resolution of DKA (pH ≥7.3, bicarbonate ≥15 mEq/L, beta-
hydroxybutyrate <1 mmol/L). Secondary outcomes were the rate
of fall in blood glucose until 250 mg/dL or less and the rate of
complications (hypokalemia, hypoglycemia, and cerebral edema).

Results: Sixty patients were analyzed on an intention-to-treat
basis (Low-dose group: n=30; Standard-dose group: n=30). Mean
(SD) time taken for the resolution of ketoacidosis was similar in
both groups [22 (12) vs 23 (18.5) hours; P=0.92]. The adjusted
hazard ratio (95% CI) of the resolution of ketoacidosis was lower
in the low-dose group [0.40 (0.19 to 0.85); P=0.017]. Mean (SD)
rate of blood glucose decrease until 250 mg/dL or less reached
[56 (41) vs 64 (65) mg/dL/hour; P=0.41] and time to achieve the
target [4.2 (3.1) vs 4.8 (3.3) hours; P=0.44] were similar in both
groups. Hypokalemia [30% vs 43.3%; P=0.28] and hypoglycemia
[3.3% vs 13.3%; P=0.35] were lower in low-dose group. No child
had cerebral edema, and no mortality occurred.
Conclusions: Time for resolution of ketoacidosis was similar in
the low-dose and standard-dose insulin with a lower rate of
therapy-related complications in the low-dose group. Hence, low-
dose insulin infusion can be a safer approach in the management
of pediatric DKA.
Keywords: Cerebral edema, Complications, Hypokalemia,
Outcome, Safety.
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glucose (BG), and lower frequency of complications as
compared to the standard-dose (0.1 Unit/kg/hour) insulin.

METHODS

The study was a randomized, double-blind, controlled
clinical trial conducted in the division of pediatric critical
care of a tertiary care academic institution from October
2014 to July 2018 after institutitional ethics committee
approval. Consecutive children 12 years or younger who
presented with DKA defined as hyperglycemia (blood
glucose >200 mg/dL), acidosis (pH <7.3 or bicarbonate
<15 mEq/L), and ketonemia (BOHB ≥3 mmol/L) or
moderate or large ketonuria by urine dipstick test were
enrolled [1]. Children with septic shock and those who had
received insulin before enrollment were excluded.
Informed written consent from parents or legally
acceptable representative was obtained.

A web-generated, unstratified, block randomization
sequence with variable block sizes (www.sealed envelope.
com) was used to randomize the eligible children 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 (SNOSE),
with three alphanumerical codes. The study drug was
prepared by a nursing staff, who was not involved in patient
care and was masked regarding the patient’s identity. Each
envelope contained a slip showing the instruction for the
preparation of insulin (50 units of regular insulin in 50 mL
of normal saline, 0.1 mL=0.1 U or 25 U of regular insulin in
50 mL of normal saline, 0.1 mL=0.05 Unit). Trial syringes
were labeled with a random number and three alpha-
numerical codes and study drug dose (0.1 mL/kg/hour).
The study drug was prepared every six hours and given to
nursing-sister responsible for medication administration.
The participants, the treating team, those administering the
medications, investigators, and research personnel who
collected data, and study statisticians, were unaware of the
treatment assignments. The treatment allocation was
disclosed after the first draft of the results was finalized.

Continuous insulin infusion was administrated through
a dedicated intravenous line using an infusion pump. The
standard-dose group received regular insulin 0.1 U/kg/
hour, and the low-dose group received regular insulin at
0.05 U/kg/hour. The resolution of ketoacidosis (pH ≥7.30,
bicarbonate ≥15 mEq/L, and BOHB <1 mmol/L) was taken
as the endpoint. After that, the child was shifted to regular
subcutaneous insulin with an overlap time of 30 minutes
with intravenous insulin.

Fluid volume was calculated as a sum of the deficit (85
mL/kg) and 48-hour maintenance fluid spread over 48
hours [1]. All children received 20 mL/kg of normal saline

in the first hour of resuscitation. Children with evidence of
hypoperfusion or hypotensive shock received an addi-
tional 20 mL/kg of normal saline for one hour. The bolus
and other infusions were deducted from the total calculated
volume to be infused. Normal saline was used for the first
six hours and was changed to 0.45% saline based on serum
sodium and effective osmolality. Dextrose (5%) was added
to the hydrating fluid once the blood glucose level
decreased to 250 mg/dL or less. If the  blood glucose level
approached 100 mg/dL or below despite dextrose concen-
tration of 12.5%, the insulin infusion was tapered at the rate
of 0.01 mL/kg/hour every half-hourly. Potassium chloride
(40 mEq/L) was added to the rehydrating fluid after
resuscitation and documentation of urine output. Conti-
nuous cardiac monitoring was done and potassium titrated
to maintain a serum level of 3.5-5.5 mEq/L.

Capillary or venous blood glucose was monitored
every half-hourly, and BOHB was monitored hourly by
(Abbott Optium-H) ketone meter after calibration.
Readings above the glucometer range (more than 500 mg/
dL) or in the presence of poor peripheral circulation,
capillary BG were counter checked by laboratory measure-
ment using the hexokinase method. Urine ketone and
glucose were monitored hourly by the dipstick method.
Glycated hemoglobin (HbA1c) was done at admission.
Serum electrolytes, blood glucose, urea, calcium, magne-
sium, phosphate, hematocrit, and venous blood gases and
corresponding anion gap and effective osmolality were
monitored two-hourly first six-hour, subsequently four-
hourly till resolution of ketoacidosis. Vital signs, fluid
(intake and output), continuous monitoring of the electro-
cardiogram, and neurologic assessment was performed
hourly (or more frequently as indicated). A review of
insulin therapy was performed for errors in dose, pre-
paration, and infusion rate six-hourly and as indicated.
Nutritional status was assessed using the World Health
Organization standards [15].

The primary outcome was the time for resolution of
ketoacidosis (pH ≥7.3, bicarbonate ≥15 mEq/L, beta-
hydroxybutyrate <1 mmol/L). The secondary outcomes
were the rate of decrease in blood glucose until the level
reaches 250 mg per dL or less, the incidence of hypogly-
cemia, hypokalemia, and cerebral edema and/or worsen-
ing of cerebral edema. Hypokalemia was defined as serum
potassium <3.5 mEq/L and/or suggestive electrocardio-
graphic changes. Hypoglycemia was defined as a blood
glucose level ≤60 mg/dL. Cerebral edema was diagnosed
as per the criteria given by Muir, et al. [16].

With assumptions of the mean time for resolution of
ketoacidosis in the standard-dose group as 20 hours and in
the low-dose group as 16 hours [12,17], the sample size
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was calculated with a common standard deviation of four
hours, a two-sided alpha level of 5%, and 95% power. The
sample size was 52 DKA episodes. Considering an attrition
rate of 10%, we enrolled 60 participants.

Statistical analysis: The patient’s data were analyzed
according to their assigned group (Intention to treat). The
normality of data was checked with the Kolmogorov-
Smirnov Z test. Continuous variables between the groups
were compared with Student t-test if normally distributed or
Mann-Whitney U test if skewed data. The proportion was
compared by the chi-square test (Fisher exact test if cell
frequency was <5), and relative risk (95% CI) was
calculated as appropriate. Cox proportional model ad-
justed a prior for age, weight, and severity of ketoacidosis
was used to calculate the hazard ratio (95% CI) for
resolution of ketoacidosis and blood glucose fall 250 mg/
dL or less. Changes in continuous variables up to 24 hours
were compared using repeated-measures analysis of
variance (RM-ANCOVA), and missed values were handled
by Last-Observation-Carried-Forward (LOCF) method.
All tests were two-tailed, and a P value of less than 0.05 was
considered statistically significant. Data analyses were
performed using IBM-SPSS, version 20.0 (SPSS Inc) and
Epi Info 7 (7.0.9.7, CDC).

RESULTS

The trial flow diagram is depicted in Fig. 1. Of the 69
children with DKA screened for eligibility, 60 were
enrolled (30 in each group). No protocol violation was
noted. Baseline characteristics were comparable (Table I).
New onset diabetes presenting as DKA was seen in 48.3%
of children. Severe DKA was seen in 38.3% (n=23) of
children. In all patients data, the mean (SD) blood sugar and
BOHB change after the first hour of fluid bolus was –44.8
(72.2) and –0.3 (0.9), respectively. Mean (SD) fluid
balance (percentage) at six hours of therapy was similar in
the low-dose and standard-dose groups [0.15 (0.14) vs 0.10
(0.1); P=0.16].

Mean (SD) time taken for resolution of ketoacidosis
was 22 (12) hours in low-dose and 23 (18.5) hours in the
standard-dose groups (P=0.92) (Table II). Time taken for
an individual parameter of ketoacidosis to achieve the end-
points (pH ≥7.30, HCO3 ≥15 mEq/L, BOBH <1 mmol/L,
and normal sensorium) was similar in the two groups
(Table II). In sub-group analysis (severe DKA), there was
no significant difference in mean (SD) time taken for the
resolution of ketoacidosis in low-dose group vs standard-
dose group [31.4 (11.3) vs 36.3 (21.4) h, P=0.52]. The
hazard ratio of the resolution of ketoacidosis was
significantly lower by 60% in the low-dose group than the
standard-dose group [adjusted hazard ratio 0.40, 95% CI:
0.19 to 0.85; P=0.017] (Fig. 2). The hazard ratio of the

resolution of BOHB (<1 mmol/L) was significantly lower
by 65% in the low-dose group [adjusted hazard ratio 0.35,
95% CI: 0.17 to 0.74; P=0.006].

The mean (SD) rate of blood glucose fall per hour and
the time taken until the level was 250 mg/dL was similar in
the two groups (Table II). However, the mean (SEM) trend
in fall of blood glucose until six hours and 24 hours was
higher in the standard-dose group [by six hours, 43 (3.4),
P=0.008; by 24 hours, 12.5 (1), P=<0.001] as compared to
the low-dose group [by six hours, 29.6 (3.4); by 24 hours,
7.1 (1)]. The mean (SEM) trend in fall of BOHB until six
hours and 24 hours was not significantly different between
the standard-dose group [by six hours, 0.30 (0.06), P=0.81;
by 24 hours, 0.17 (0.01), P=0.81] and the low-dose group
[by six hours, 0.29 (0.06); by 24 hours, 0.16 (0.01)].

There was no difference in the proportion of patients
who attained the blood glucose level of 250 mg/dL at six-
hour in standard-dose and low-dose groups (76.7% vs
70%, RR=1.10, 95% CI: 0.81 to 1.19; P=0.56). The
frequency of fall in blood glucose, more than 90 mg/dL/
hour, was higher in standard-dose group (76.7%) as
compared to low-dose group (60%) (RR=1.28, 95% CI:
0.90 to 1.82; P=0.17). The hazard ratio of achieving blood
glucose 250 mg/dL or less by the end of six hours was 1.35
times higher in the low-dose group than the standard-dose
group (adjusted hazard ratio 1.35, 95% CI: 0.72 to 2.54;
P=0.35).

Hypoglycemia [RR (95% CI) 4.0 (0.47-33.7); P=0.35]
and at least one episode of hypokalemia [RR 995% CI)
1.44 (0.73-2.8); P=0.28] was higher in the standard-dose
group as compared to the low-dose group (Table II). None

Screened for eligibility (n=69)

Excluded (n=5)
4 Received insulin
1 Inborn error of metabolism

→

Eligible (n=64)

4 Refused consent→

Randomization (n=60)

30 Standard dose group
30 Received assigned

intervention
30 included in analysis

30 Low-dose group
30 Received assigned

intervention
30 included in analysis

↓
↓ ↓

Fig. 1 Study flow chart.

↓

↓
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of the hypoglycemia patients encountered more than or
equal to two episodes of hypoglycemia. The hypokalemia
was more in malnourished children in the standard-dose
group (P=0.31), and more children in the standard-dose
group required a higher concentration of dextrose and
tapering of insulin infusion at least once to counter the
falling blood glucose P>0.005) None of the children
required the increment of insulin infusion.

The mean (SEM) trend of fall in effective osmolality
until six hours [0.53 (0.37) vs 0.70 (0.37); P=0.33] and 24
hours [0.54  (0.14) vs. 0.27 (0.14), P=0.45] was not
significantly different between the standard-dose group and
the low-dose group. No child had cerebral edema, and no
mortality occurred in the study.

DISCUSSION

We found that the time taken for the resolution of
ketoacidosis was similar in the low-dose insulin and
standard-dose insulin groups. The hazard ratio of the
resolution of ketoacidosis was lower by 60% in the low-
dose group. The optimal insulin level for recovery of
ketoacidosis is 20 to 200 micro Unit/ml, and it could be

Table I Baseline Characteristics in Children With Diabetic
Ketoacidosis

Characteristic Low-dose Standard-
group dose  group
 (n=30) (n = 30)

Age, y 7 (3.6) 8.4 (3.2)
Body mass index, z-score – 2.2 (1.6) – 2.5 (1.5)
Malnutrition, n (%) 7 (23.3) 9 (30)
New onset DKA, n (%) 15 (50) 14 (46.6)
Established diabetes mellitus, n (%) 15 (50) 16 (53.4)
Duration of diabetes, mo 28 (29.6) 28.2 (25.4)
With previous DKA, n (%) 11 (73.3) 10 (62.5)
Duration of symptom, d 4.4 (5.7) 4.4 (4.7)
Severity, n (%)

Mild 12 (40) 8 (26.7)
Moderate   8 (26.7) 9 (30)
Severe 10 (33.3) 13 (43.3)

Hemodynamic status, n (%)
Compensated shock 3(10) 7 (23.3)
Hypotensive shock 1 (3.3) 1 (3.3)

m-GCS 8-14 at admission, n (%) 8 (27) 9 (30)
m-GCS score, median (IQR) 15 (14-15) 15 (14-15)
Hemoglobin A1c, % 13.5 (2.6) 13.3 (2.5)
Blood glucose, mg/dL 465.5 (105.6) 510.3 (113)
pH 7.15 (0.13) 7.10 (0.16)
Bicarbonate , mEq/L 8.9 (4.3) 7.1 (4.3)
PCO2, mm Hg 20.6 (7.5) 19.2 (7.3)
Capillary BOHB, mmol/L 5.4 (1.4) 5.3 (1.4)
Blood urea nitrogen, mg/dL 11.5 (3.6) 12.8 (5.1)
Creatinine, mg/dL 1.0 (0.3) 1.1 (0.4)
Sodium, mEq/dL 137.5 (6.2) 138 (5.8)
Corrected sodium, mEq/L 143.5 (6.8) 144.6 (5.5)
Effective osmolality, mOsm/kg 292.4 (45.8) 304.4 (11.3)
Potassium, mEq/L 3.9 (0.7) 3.9 (0.7)
Anion gap 26 (7.4) 27.5 (5.6)
Lactate, mmol/L 1.8 (0.8) 2 (1)
Urine ketones, n (%)

3+ (80 – 160 mg/dL) 19 (63.3) 19 (63.3)
4+ (>160 mg/dL) 11 (36.7) 11 (36.7)

Fluid received, mL/kga 16 (10) 13.7 (5.6)
Blood glucose change, mg/dLb – 61.4 (66) – 28.3 (75.4)
Capillary BOHB change, mmol/Lb – 0.2 (1.0) – 0.3 (0.9)
Duration of 0.9% saline therapy, h 5 (2.7) 6.3 (3.9)
Data presented in mean (SD) or as stated (%). DKA-diabetic
ketoacidosis;  m-GCS-modified Glasgow Coma Scale score; PCO2 –
partial pressure of carbon dioxide; BOHB – beta hydroxy
hydroxybutyrate. abefore starting insulin infusion; bafter the initial hour
of fluid resuscitation before starting insulin infusion. All P>0.05.

 Table II  Outcome Measures in the Two Study Groups

Characteristic Low dose Standard dose
group (n=30) group (n=30)

Primary outcome
Time for resolution of DKA, h 22 (12) 23 (18.5)
Time for pH ≥7.30, h 13.4 (11.5) 17.1 (17.6)
pH 7.33 (0.02) 7.32 (0.03)
Time for bicarbonate 15.5 (11.7) 18.6 (18.7)
≥15 mEq/L, h

Bicarbonate, mEq/L 16.4 (1.4) 16.1 (1.3)
Time for BOHB <1 mmol/L, h 21.6 (11.8) 17.8 (9.8)
BOHB, mmol/L 0.76 (0.16) 0.73 (0.19)
Time for resolution of DKA 23 ((12.8) 23.1 (18.5)
(including normal sensorium), h

Time for the normal sensorium, h 3.7 (11.1) 6 (17.4)
Secondary outcome
Blood glucose decrease 56 (41) 64 (65 )
until the level reached ≤250
mg/dL, mg/dL/hour

Time to achieve blood glucose 4.2 (3.1) 4.8 (3.3)
≤250 mg/dL, h

Blood glucose, mg/dL 217 (29.8) 218.8 (32)
Hypokalemiaa 9 (30) 13 (43.3)
Hypoglycemiaa 1 (3.3) 4 (13.3)
Tapering of insulin infusiona 13 (43.3) 14 (46.7)

Data presented as mean (SD) except ano. (%). DKA-diabetic
ketoacidosis; BOHB-beta hydroxy hydroxybutyrate. All P>0.05.
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achieved with a lower dose of insulin [18]. The standard-
dose of insulin has been reported to achieve higher than
optimal plasma insulin requisite level [6,18]. With this
justification, lowering of insulin dose up to 0.025 U/kg/
hour as compared with standard-dose was studied in
pediatric DKA [12,14,19].  Puttha, et al. [12] found that a
rise in pH at six hours and the median time for resolution of
ketoacidosis (pH >7.3) was similar in the low and standard-
dose groups [12]. Kapellen, et al. [19] reported that 0.025
vs 0.1 U/kg/hour was associated with a similar duration of
acidosis [19]. A controlled study by Nallasamy, et al. [14]
found that low-dose was not inferior to standard-dose
insulin in the resolution of ketoacidosis. However, BOHB
was not monitored as one of the endpoints of ketoacidosis
[14].

The trend of fall in blood group up to 24-hour was
significantly higher in the standard-dose group, although the
reduction rate was within the reported range (36 to 90 mg/
dL/h) as with other studies [12-14]. Nallasamy, et al. [14]
reported that the rate of fall in BG until ≤250 mg/dL was
similar in low and standard-dose groups [14]. Hence, any
effective dose of insulin which achieves the optimal plasma
insulin level (20 to 200 micro-unit/mL) could exhibit the
desired therapeutic clinical response without affecting
osmotic hemostasis [6,14]. Though we could not measure
plasma insulin levels in our study, our results support the
use of low-dose insulin to achieve clinically effective
resolution of ketoacidosis and gradual reduction of BG.

Retrospective pediatric studies have reported rapid BG
decrease with the use of insulin dose higher than 0.05 units/
kg/hour [20] and the gradual decrease in plasma effective
osmolality due to slower decrease in BG by using insulin
dose of 0.05 U/kg/hour [13], despite the well-established
fact that resolution of ketoacidosis and not BG determine
the endpoint of DKA management [1]. The amount of
insulin administrated in the first-hour and volume of fluid
administrated over four-hour were associated with the risk
of cerebral edema after adjusting for the severity of
ketoacidosis in the management of DKA [21]. Our setting is
complicated by delayed presentation, severe ketoacidosis,
undernutrition, and high effective osmolality at
presentation, where initial hours of therapy warrant a more
cautious approach to preventing osmotic disequilibrium
and cerebral edema. We found that fluid administration and
change of effective osmolality was similar in both the
groups. The frequency of fall of BG and tapering of insulin
infusion despite maximum glucose concentration was higher
in the standard-dose group. Nallasamy, et al. [14] found
that more episodes of out of range fall of BG (> 90 mg/dL)
in the standard-dose group in a study setting similar to ours.
Hence, low-dose insulin after the first hour of fluid
resuscitation is a safe approach in a setting where a gradual
decrease in BG, effective osmolality and smooth resolution
of ketoacidosis is desired.

Therapy-related complications, hypokalemia, and
hypoglycemia were higher in the standard-dose group.
Undernutrition, prolonged duration of illness, severe
ketoacidosis, and osmotic diuresis likely contributed to
hypokalemia in this study group. In addition to these
factors, insulin dose also could have contributed to the
lowering of potassium levels. In a similar setting,
Nallasamy, et al. [14] and Moulik, et al. [22] reported the
frequency of occurrence of hypokalemia was higher in the
standard-dose group. Hypoglycemia was reported in higher
proportion by previous authors [14,22] in the standard-
dose group as compared to our study. Half-hourly
monitoring of blood glucose could have contributed to the
lower incidence of hypoglycemia in our study. However,
the potentially beneficial effect of lowering the insulin dose
cannot be ignored entirely.

We monitored the blood ketone (BOBH) as one of the
endpoints of the study, which is in contrast to previous
studies [9,12,14]. Unlike other studies, we followed until
the resolution of ketoacidosis and collected and analyzed
the 24 hours data. We also analyzed the factors unique to
limited-resource settings, enabling the available study
results to apply to the low and middle-income countries.
The limitation of our study is that we could not enroll
adolescents with DKA due to hospital admission policy
during the study period.

Fig. 2 Hazard curves plot for resolution of diabetic ketoacidosis
(DKA).
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We conclude that the time for resolution of ketoacidosis
was similar in the low-dose and standard-dose insulin
infusion, with a lower rate of therapy-related complications
in low-dose insulin. Hence, insulin infusion at 0.05 Unit/kg/
hour is a safer approach in the manage-ment of pediatric
DKA.
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WHAT IS ALREADY KNOWN?

• Insulin infusion at 0.05 Unit/kg/hour was comparable to 0.1 Unit/kg/hour with respect to a decrease in blood
glucose and resolution of acidosis.

WHAT THIS STUDY ADDS?

• Low-dose (0.05 Unit/kg/hour) insulin infusion was comparable to 0.1 Unit/kg/hour insulin infusion for the resolution
of ketoacidosis, decrease in blood glucose, and therapy-related complications in pediatric diabetic ketoacidosis.



INDIAN  PEDIATRICS 623 VOLUME 58__JULY 15, 2021

RAMESHKUMAR, ET AL. LOW DOSE INSULIN INFUSION IN DKA

17. Kurup PM, Rameshkumar R, Soundravally R, Satheesh P.
Capillary versus Serum b-hydroxybutyrate in Pediatric
Diabetic Ketoacidosis. Indian Pediatr. 2019;56:126-9.

18. Soler NG, FitzGerald MG, Wright AD, Malins JM.
Comparative study of different insulin regimens in
management of diabetic ketoacidosis. Lancet. 1975;2:
1221-4.

19. Kapellen T, Vogel C, Telleis D, Siekmeyer M, Kiess W.
Treatment of diabetic ketoacidosis (DKA) with 2 different
regimens regarding fluid substitution and insulin dosage
(0.025 vs. 0.1 units/kg/h). Exp Clin Endocrinol Diabetes.

2012;120:273-6.
20. Bradley P, Tobias JD. Serum glucose changes during

insulin therapy in pediatric patients with diabetic
ketoacidosis. Am J Ther. 2007;14:265-8.

21. Edge JA, Jakes RW, Roy Y, et al. The UK case-control
study of cerebral oedema complicating diabetic
ketoacidosis in children. Diabetologia. 2006;49:2002-9.

22. Moulik NR, Jayashree M, Singhi S, Bhalla AK, Attri S.
Nutritional status and complications in children with
diabetic ketoacidosis. Pediatr Crit Care Med.
2012;13:e227-33.

ADVERTISEMENT

IAP Chapter of Neuro Developmental Pediatrics
IAP Fellowship in Developmental and Behavioral Pediatrics 2021-22

Indian Academy of Pediatrics

IAP Chapter of Neuro Developmental Pediatrics is happy to announce Fellowship in Developmental
and Behavioral Pediatrics under the aegis of Indian Academy of Pediatrics, with the aim to provide
specialized training in early childhood development, early identification and early intervention, to develop
an excellent understanding of the neuro developmental disorders in children, methods of assessment
and diagnosing and management of such disorders.

• Eligibility for Students: M.D./DNB( Pediatrics) / DCH
• Type of work: All trainees joining the fellowship shall work as full time senior resident for one year

at the designated institute
• Mode of Selection: By interview
• Stipend: Stipend will be provided as per the policy.
• Last date to apply: 30.08.2021
• How to apply: Details of Fellowship Institutes and Application Form available on www.iapndp.org
• Write to us at cdgiap@gmail.com

For Further enquiries contact:

Dr Kawalji S Multani Dr Samir Dalwai Dr Shambhavi Seth
National Secretary National Coordinator National Co-coordinator

08472087960 09820026503 09811206798

IAP Chapter of Neur Developmental Pediatrics



INDIAN  PEDIATRICS 624 VOLUME 58__JULY 15, 2021

Cardiac arrest is a dreadful event in pediatric
intensive care unit (PICU). Cardiopulmonary
resuscitation (CPR) involves chest com-
pression and manual ventilation at appropriate

intervals. Return of spontaneous circulation (ROSC) is the
initial therapeutic goal in cardiac arrest and is a measure of
initial success. Vasopressor medications are often used
during CPR. These medications increase aortic diastolic
pressure, thereby improving coronary perfusion pressure,
which facilitates ROSC [1]. Epinephrine is the most widely
studied and the first line vasoactive drug as per the pediatric
advanced life support (PALS) guidelines [2]. Vasopressin,
a potent vasoconstrictor, is well studied in adult cardiac
arrest [3]. The recent advanced cardio-vascular life support
guideline recommends that Vaso-pressin, combined with
epinephrine, may be considered in adult cardiac arrest

resuscitation [3]. Though the pediatric in-hospital cardiac
arrest (IHCA) outcome has improved from 39% to 77% in
high-income countries, data from low-and middle-income
countries are lacking or are under-reported [2]. Animal
studies, case series, and feasibility pilot studies have shown
encouraging results for the use of vasopressin in pediatric
cardiac arrest [4-6]. This study hypothesized that
epinephrine plus vasopressin would be associated with a
higher rate of ROSC as compared to epinephrine plus
placebo in the pediatric intensive care unit cardio-
pulmonary resuscitation.

METHODS

This randomized, double-blind controlled clinical trial was
undertaken in PICU of a tertiary care academic hospital
from February, 2019 to May, 2020. Ours is a 19 bedded
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Objective: To compare the efficacy of epinephrine plus
vasopressin vs epinephrine plus placebo in the pediatric intensive
care unit (PICU) cardiopulmonary resuscitation (CPR).
Design: Randomized, double-blind controlled clinical trial.

Setting: PICU in a tertiary care institute from February, 2019 to
May, 2020.
Participants: Children aged one month to 13 years who required
CPR during PICU stay. Patients in whom vascular access was not
available or return of spontaneous circulation (ROSC) was
achieved by defibrillation without epinephrine were excluded.
Intervention: Patients were randomized to receive vasopressin
0.1 mL per kg (=0.8 unit per kg) or placebo (0.1 mL per kg normal
saline) in addition to epinephrine (1:10000) 0.1 mL per kg. The
drugs were given as bolus doses every three minutes until the
ROSC or up to a maximum of five doses, whichever was earlier.

Outcome Measure: The primary outcome was the proportion of
patients who achieved ROSC. The secondary outcomes were

survival rate and functional status (at 24-hour, PICU, hospital, and
90-day post-discharge), need for organ supports, length of stay
(PICU and hospital), and adverse effect(s) of the study drugs.
Results: 90 patients (epinephrine plus vasopressin group, n=45
and epinephrine plus placebo group, n=45) were analyzed on
intention-to-treat basis. There was no significant difference in the
primary outcome between epinephrine plus vasopressin (n=25,
55.5%) and epinephrine plus placebo groups (n=24, 53.3%)
(Relative risk 1.04, 95% CI 0.71 to 1.52). There was no significant
difference in survival rate at 24-hour (n=7, 15.6% vs. n=8, 17.8%),
at PICU, hospital, and 90-day post-discharge (n=1, 2.2% vs n=1,
2.2%). There was no difference in other secondary outcomes. No
trial drug-related serious adverse events were observed.

Conclusion: A combination of epinephrine plus vasopressin did
not improve the rate of return of spontaneous circulation in the
pediatric intensive care unit cardiopulmonary resuscitation as
compared with epinephrine plus placebo.
Keywords: In-hospital cardiac arrest.

Published online: February 19, 2021;PII: S097475591600287Trial Registration: CTRI/2019/01/017200.
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level-III PICU, receiving critically ill children 24 hours a
day throughout the year. Though our PICU is a
predominantly medical ICU, it also receives complicated
surgical and trauma patients. The PICU has facilities for
providing multimodal hemodynamic and neuromonito-
ring, mechanical ventilation, and high-frequency venti-
lation. It is also equipped with an in-house blood gas
analyzer with a co-oximeter module, osmometer, thera-
peutic plasma exchange, and renal replacement therapy.
During the study period, the baseline mortality in our PICU
was 20%, and the average length of PICU stay was six days,
with a bed occupancy rate of 80%.

The trial was approved, and its progress was reviewed
yearly by the institute ethics committee. Written informed
consent was obtained from the parent/legally authorized
representatives of all patients getting admitted to PICU at
the time of transfer-in, stating that their child might be
enrolled in the study if the child required CPR during the
PICU stay. Children aged one month to 13 years, admitted
in PICU, and who required CPR during their PICU stay
were enrolled. Children who had a cardiac arrest outside of
PICU and were shifted to PICU for post-cardiac arrest care
were not enrolled. Children with either of the following
conditions were also excluded (i) patients in whom vascular
access was not available (ii) ROSC was achieved by
defibrillation without the requirement of Epinephrine.

A computer-generated, unstratified, block randomi-
zation with variable block sizes of four, six, and eight was
used with an allocation ratio of 1:1 by a person not
involved in the study. Individual assignments were kept in
serially numbered boxes. Each box contained ten
identically looking one mL ampoules of either vasopressin
or placebo (normal saline). The original label in each
ampoule was removed and replaced by an opaque paper.
Each box was serially numbered and allocated to the
patient according to the random sequence. The serially-
numbered trial drug boxes were kept in a separate place in
PICU to avoid the wrong allocation in the stressful
environment. Only one trial drug box was kept in the crash
cart, which contained all the emergency drugs and
equipment required for CPR. The nurses were instructed to
open the trial drug box, which was kept in the crash cart
during CPR. The investigator ensured the replacement of
the trial drug box in the crash cart according to the serial
number once the trial drug was used. Multiple simulation
sessions were carried out and discussed before the start of
the study. Injection normal saline (sodium chloride 0.9%,
1 mL, Serum Institute of India Pvt Ltd), injection
epinephrine (Bioaderna, 1 mg per 1 mL, Health Biotech
Ltd) and injection vasopressin (Vascel 20, 20 Unit per mL,
CELON laboratories Pvt Ltd) were used in this study. The
institute’s central pharmacy supplied the trial drugs. The

participants, treating team and nurses administering the
medications, and the investigators, were unaware of the
treatment assignments. The person who collected and
entered the data into the datasheet and the study statistician
were unaware of the treatment assign-ment throughout the
analyses. The treatment assignment was disclosed, after
the first draft of the result was finalized.

All patients received CPR in accordance with the
PALS-2015 guidelines established by the American Heart
Association (AHA) [2]. This includes the support of
airway, breathing, including supplemental oxygen,
evaluation of cardiac rhythm, high-quality CPR with
minimally interrupted chest compressions, electrical
defibrillation if appropriate, and medications except for the
trial drugs. The resuscitation team members were trained to
provide CPR as per the PALS 2015 guidelines [2]. The
facility for standby extracorporeal membrane oxygenation
(ECMO) is not available in the study site (PICU). Our
hospital has no approved guidelines for ‘Do not resuscitate’
instructions. Epinephrine plus vasopressin group received
intravenous epinephrine (1:10000) 0.1 mL per kg and
vasopressin (1:1.5 dilution in normal saline) 0.1 mL per kg
(=0.8 unit per kg; maximum dose of 5 mL, 40 unit).
Epinephrine plus placebo group received intravenous
epinephrine (1:10000) 0.1 mL per kg and placebo (1:1.5
dilution in normal saline) 0.1 mL per kg. The trial drugs
were given as bolus doses, concurrently if two vascular
accesses were available or within 10 seconds gap if one
vascular access was available. The trial drugs were given at
an interval of every three minutes until ROSC or a
maximum of five doses, whichever was earlier. Three mL
normal saline flush was given after adminis-tration of each
dose of the trial drug. Subsequently, if needed, epinephrine
was continued as per protocol. Post-resuscitation care was
provided to the patients who achieved ROSC as per the unit
protocol (from PALS-2015 guidelines) [2]. All patients
were followed up until death or 90 day post-discharge. The
functional status of the survivor was assessed by using the
pediatric cerebral performance category (PCPC) scale and
pediatric overall performance category (POPC) scale
(lower the score, better the neurological outcome) [7]. Data
regarding the cardiac arrest events and their outcomes were
collected as per the Utstein style template and in the
predesigned proforma [8-10].

The primary outcome was the proportion of patients
who achieved ROSC. The secondary outcomes were (i)
survival rate (at 24 hours, PICU, hospital, and 90-day of
discharge), (ii) functional status (at PICU, hospital, and
90-day of discharge), (iii) need for organ support(s), (iv)
length of stay in PICU and hospital, and (v) adverse
effect(s) of the study drugs if any. ROSC was defined as the
restoration of a spontaneous perfusing rhythm that results
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in more than an occasional gasp, fleeting palpable pulse, or
arterial waveform [2,3,10]. Sustained ROSC was defined
as not requiring chest compressions for 20 consecutive
minutes after obtaining ROSC and signs of perfusion
[2,3,10]. The probability of adverse trial drug reaction was
assessed by Naranjo algorithm [11].

The ROSC rate varies between 47% and 64.6%, as
reported by previous studies [12,13]. We assumed that the
primary outcome of interest in the control group was 50%.
We calculated the sample size based upon the assumption
of 30% improvement in the primary outcome by the
intervention with 80% power at the 5% significance (two-
sided) and 1:1 allocation. Thirty-nine patients were
required in each group by calculation. With a 10% attrition
rate, the final sample size was estimated as 86 [12-14]. The
sample size was calculated using the software nQuery
version 4.0.

Statistical analysis: Data were analyzed according to
their assigned groups (intention to treat analysis). The
distribution of data was checked with the Kolmogorov-
Smirnov Z test. Continuous variables were compared
between the two groups by Student’s t-test for normally
distributed or by the Mann-Whitney U test for skewed
data. Proportions were compared by the Chi-square test
(or Fisher’s exact test if expected cell frequencies were
less than five). Kaplan-Meier curve and log-rank test
were used to analyze ‘time to event’ data followed by Cox
proportional hazard regression analysis to adjust for the
prespecified baseline factors (age, sex, and PRISM-III
score). The relative risk and hazard ratio, with a 95%
confidence interval, was calculated as appropriate. All
tests were two-tailed, and a P value of less than 0.05 was
considered statistically significant. IBM SPSS software
20.0 (IBM Corp) and Epi Info 7 (7.0.9.7, CDC) were
used for data analysis.

RESULTS

The study flow is depicted in Fig. 1. Ninety patients were
enrolled (epinephrine plus vasopressin, n=45, and
epinephrine plus placebo n=45) after the screening of
118 patients. The baseline characteristics and clinical
variables are described in Table I. The median (IQR)
time to first cardiac arrest since admission was similar
between groups [2 (1-7) vs 2 (1-5) day; P=0.75]. The
most common (80%) arrest rhythm was pulseless
electrical activity (PEA). Hemodynamic abnormality
(67.8%) was the most common event that led to arrest,
followed by respiratory events (23.3%). Respiratory
failure was an underlying illness in 76 (84.4%) patients
and sepsis in 60 (66.7%) patients. The median (IQR)
duration of CPR was similar between groups [18 (10-30)
vs 15 (6–30) minutes; P=0.96].

The proportion of patients who achieved ROSC was
similar in epinephrine plus vasopressin group and
epinephrine plus placebo group [RR (95% CI) 1.04 (0.71-
1.52); P=0.83]. The time to achieve ROSC and the
proportion of patients requiring ongoing CPR was similar
between two groups during the first 30 minutes of CPR
[Log rank P=0.99] (Fig. 2). Among ROSC achieved
patients (n=49), the median (IQR) time taken to ROSC was
similar between two groups [10 (4-14) vs 6 (5-10) minutes,
P=0.21]. The proportion of patients who underwent CPR
beyond 30 minutes was also similar between two groups
[RR (95% CI) 0.50 (0.19-1.35); P=0.16] and none
achieved ROSC. There was no significant difference in the
proportion of patients who achieved sustained ROSC in the
study groups [44.4% vs 53.3%; P=0.40]. The survival to
hospital discharge was similar in both groups [n=1 each].
Mean (SD) diastolic blood pressure (DBP) was similar in
epinephrine plus vasopressin group as compared to
epinephrine plus placebo group during CPR (38.1 (11.5)
mm Hg vs 37.1 (13.4) mm Hg, P=0.77). There was no
significant difference in the other secondary outcomes
between study groups (Table II). In epinephrine plus
vasopressin group, one patient developed pulseless
ventricular tachycardia which converted into asystole

Patient admitted (n = 862)
Patient who had cardiac arrest and

screened (n =118)

Excluded (n = 2)
2 Less than one month of age→

Eligible (n = 116)

26  Refused consent→

Randomization (n=90)

45 Assigned to
epinephrine plus
vasopressin

45 Received assigned
intervention

45 Assigned to
epinephrine plus
placebo

45 Received assigned
intervention

↓
↓ ↓

↓

↓

↓
0 Discontinued

intervention
2 Left against medical

advice

↓
0 Discontinued

intervention
1 Left against medical

advice
↓

45 Included in analysis
↓

45 Included in analysis

Fig. 1 Study flow chart.
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Table I Baseline Characteristics and Clinical Variables of the
Two Study Groups

Variables Epinephrine plus Epinephrine plus
vasopressin group placebo group
(n = 45)  (n = 45)

Age, ya 2.5 (3.3) 3 (4.4)
Male: female 25:20 28:17
Body mass indexa – 2 (1.9) – 1.9 (2.0)
Pediatric risk of mortality - III scorea 19.6 (9.6) 18 (8.6)
Arrest rhythm
Pulseless electrical activity 38 (84.5) 34 (75.6)
Asystole 6 (13.3) 10 (22.2)
Pulseless ventricular tachycardia 1 (2.2) 1 (2.2)
Events leading to arrest
Hemodynamic abnormality 31 (68.9) 30 (66.7)
Respiratory events 11 (24.4) 10 (22.2)
Rhythm disturbance 3 (6.7) 5 (11.1)
Illness category
Medical condition 40 (89) 42 (93.3)
Surgical condition 5 (11) 3 (6.7)
Diagnosis and underlying illnessb

Respiratory failure 38 (84.4) 38 (84.4)
Sepsis and shockd 37 (82.2) 23 (51.1)
CNS illness 19 (42.2) 22 (49)
Pneumonia 24 (53.3) 17 (37.8)
Congenital heart disease 7 (15.6) 10 (22.2)
Renal insufficiency 21 (46.7) 16 (35.6)
Hepatic insufficiency 21 (46.7) 14 (31.1)
Malignancy 5 (11) 4 (9)
Intervention in place at the time of eventc

Mechanical ventilation 44 (97.8) 43 (95.6)
EtCO2 monitoring 44 (97.8) 43 (95.6)
Arterial line 37 (82.2) 34 (75.6)
Central venous access 43 (95.6) 42 (93.3)
Vasoactive drug infusion 40 (89) 39 (86.7)
Renal replacement therapy 8 (17.8) 6 (13.3)
Intervention done during CPR
Sodium bicarbonate 14 (31.1) 23 (51.1)
Calcium gluconate 8 (17.8) 14 (31.1)
Atropine 1 (2.2) 2 (4.4)
Defibrillation 1 (2.2) 1 (2.2)
Doses of study druga 3.6 (1.6) 3.5 (1.6)
Data in no. (%) or amean (SD). CNS: central nervous system; SD: stan-
dard deviation; EtCO2: end-tidal carbon dioxide; CPR: cardio-
pulmonary resuscitation; bPatient had one or more conditions; chad one
or more interventions. Hence, the cumulative totals do not necessarily
equal. Three patients also received EtCO2 monitoring after placement
of endotracheal tube during CPR; dP=0.002.

during the third cycle of CPR. There were no serious trial
drug-related adverse events observed.

DISCUSSION

This randomized controlled trial enrolled 90 patients who
underwent CPR in PICU. We found no significant
difference in the proportion of patients who achieved
ROSC and survival rate between the Epinephrine plus
Vasopressin group and Epinephrine plus Placebo group. In
our study, the overall rate of achieving ROSC was 54.4%,
and survival to hospital discharge was 2.2%. This
observation contrasts with the data from high-income
countries, where the rates were more than 80% and 40%,
respectively [15]. The potential reasons could be the
uniform reporting registries, universal healthcare prog-
rams, training of health care workers, and accessibility to
extracorporeal membrane oxygenation (ECMO).

The outcome of a pediatric cardiac arrest depends upon
many factors, including the initial presenting rhythm, the
place of cardiac arrest, early recognition of the arrest, and
the underlying conditions. In the previous studies done in
high-income countries, asystole (55%) was the initial arrest
rhythm, and respiratory failure was the common
precipitating factor [1,9]. Nevertheless, they enrolled
patients not only from PICU but also from the emergency
department and general ward [1,9]. In contrast, this study

Fig. 2 Kaplan Meier curves showing time to return of
spontaneous circulation (ROSC) and the proportion of patients
requiring on-going cardio pulmonary resuscitation (CPR)
between the two study groups.



INDIAN  PEDIATRICS 628 VOLUME 58__JULY 15, 2021

SHERIFF, ET AL. EPINEPHRINE PLUS VASOPRESSIN FOR CARDIAC ARREST

Table II Primary and Secondary Outcomes of the Study Groups

Variables Epinephrine plus Epinephrine plus Relative risk P value
vasopressin group placebo group (95% CI)
(n = 45)  (n =45)

Primary outcome
Proportion of patients achieved ROSC 25 (55.5) 24 (53.3) 1.04 (0.71-1.52) 0.83a

Proportion of patients achieved sustained ROSC 20 (44.4) 24 (53.3) 0.83 (0.54-1.28) 0.40a

Secondary outcomes
Survival rate at 24 – hour 7 (15.6) 8 (17.8) 0.88 (0.35-2.21) 0.78a

At PICU discharge 1 (2.2) 1 (2.2) 1.00 (0.06-15.50) 1.00c

At Hospital discharge 1 (2.2) 1 (2.2) 1.00 (0.06-15.50) 1.00c

At 90-day post-discharge 1 (2.2) 1 (2.2) 1.00 (0.06-15.50) 1.00c

Functional status
PCPC score – 1 (mild) - 1 (2.2) - -
POPC score – 4 (severe) 1 (2.2) - - -
Organ support therapy among patients achieved ROSCa,b

Mechanical ventilation, h 1.5 (0.5-12) 5 (1.3-33) - 0.07b

Vasoactive therapy, h 1.5 (0.4-8) 4 (1.3-19) - 0.07b

RRT, hc 1 (1-14.3) 50 (1-137) - 0.13b

PICU stay, h 1.5 (0.5-12) 5 (1.3-33) - 0.08b

Hospital stay, h 1.5 (0.5-12) 5 (1.3-33) - 0.08b

Data are presented as no.(%) except amedian (IQR). ROSC: return of spontaneous circulation; CI: confidence interval; IQR: interquartile range;
RRT: renal replacement therapy; PCPC: pediatric cerebral performance category; POPC: pediatric overall performance category. b25 in
epinephrine plus vasopressin group and 24 in epinephrine plus placebo group; cseven in epinephrine plus vasopressin and six in epinephrine plus
placebo group received RRT support after ROSC.

enrolled patients only from PICU, where stringent
monitoring helped identify the arrest much earlier, before
progressing to asystole. Similar to our study setting,
Rathore, et al. [12] reported bradycardia (52.2%) and sepsis
(71%) as the initial arrest rhythm and underlying diagnosis,
respectively. They reported a higher ROSC rate (64.6%)
and survival to hospital discharge (14%). However, only
21% of CPR occurred in PICU in that study. In our study,
patients were enrolled only from PICU. So, the study
population was different. Generally, PICU patients are
sicker and the majority of them have multiple organ
dysfunction requiring organ support. Also, the initial
rhythm is an important factor in predicting the outcome;
bradycardia rhythm with a pulse is more likely to recover
than pulseless non-shockable rhythms [12].

At present, only a limited number of vasopressors are
available for use in pediatric CPR, and insufficient data
supporting their use [2]. The pediatric guidelines were
extrapolated from adult clinical trials and animal studies.
Vasopressin acts via the V-1 receptor in the arterial wall and
increases the aortic diastolic pressure, thereby improving
coronary perfusion pressure. In contrast to epinephrine,
there are no β1 mediated chronotropic and inotropic

actions; hence it enhances the myocardial oxygen delivery
and reduces the myocardial oxygen consumption during
CPR and in the post-resuscitation period [1,16]. Another
advantage of vasopressin includes the continuation of
vasoconstrictive effects, even in severe acidosis, accom-
panying cardiac arrest. Hence, vasopressin can act as a
better vasopressor during CPR, particularly in patients with
sepsis-associated myocardial dysfunction and severe
acidosis [16]. However, vasopressin has a longer duration
of action than epinephrine, where the persistent vaso-
constriction may worsen the myocardial dysfunction in the
immediate post-resuscitation period. Post cardiac arrest
myocardial dysfunction can be caused by various factors,
including the underlying pre-arrest cardiac status, duration
and quality of CPR, and the presence of other organ
dysfunction(s). So, it is difficult to establish the causal
relationship between post-cardiac arrest myocardial
dysfunction and vasopressin use. However, no probable
serious adverse event due to the trial drug was observed in
this study.

The feasibility pilot study in pediatric cardiac arrest by
Carroll, et al. [6] reported no significant difference in
ROSC, survival to hospital discharge, and neurological
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outcome at discharge between vasopressin and control
groups (who did not receive vasopressin). Nevertheless,
they reported a higher survival rate at 24 hours in the
vasopressin group. Their study was limited by non-
randomization, small sample size, and addition of
vasopressin only after non-response to epinephrine.

Similarly, Duncan, et al. [1] explored the use of
vasopressin in pediatric in-hospital arrest from the
American Heart Association National Registry of CPR data
[1]. Patients who received vasopressin had a longer median
arrest duration as compared to those who did not. They also
noted that, on multivariate analysis, those who received
vasopressin had a reduced ROSC; however, there was no
difference in survival at 24 hours. Vasopressin was used as
a “drug of last resort” for many of their patients [1], in
contrast to our study, where it was used from the time CPR
was initiated.

In comparison with an adult, children often present with
a non-shockable rhythm, which requires high-quality chest
compressions [15]. A systematic review that included 26
RCTs and 21704 participants found that vasopressin did
not improve the ROSC rate but improved the survival to
hospital admission compared to epinephrine [17].
However, the combination of epinephrine and vasopressin
did not show any significant outcome benefits as compared
to epinephrine alone [17]. However, most of the included
studies were conducted over two decades back. Hence,
these findings may not reflect the current practice in the
growing era of extracorporeal life support (ECLS)
availability.

Though all healthcare providers in our study have
been trained in CPR, the intra- and inter-personal
variations in chest compression were not monitored
objectively. The temporal profiles of end-tidal carbon
dioxide and DBP were not analyzed with the outcome of
the study. Though our study found similar DBP in both
the groups, the pediatric-specific target DBP during CPR
is yet to be studied. However, evidence suggests that
those who achieve DBP of 25 to 30 mm Hg during CPR
have a higher chance of ROSC and survival [15]. Hence,
goal-directed CPR targeting the end-tidal carbon dioxide

and DBP needs to be considered in future study design.
The availability of ECMO service during CPR or after
achieving ROSC could have improved the survival to
discharge. Recent studies showed that extracorporeal
CPR (E-CPR) in pediatric cardiac arrest was associated
with shorter resuscitation time and higher survival rate,
ranging from 33-64% [18-20]. The AHA recommends
considering E-CPR during in-hospital pediatric cardiac
arrest, when standard resuscitation has failed, especially
in a potentially reversible cause of cardiac arrest [2].

The study concludes that a combination of epinephrine
and vasopressin did not improve the rate of return of
spontaneous circulation, survival, and favorable neuro-
logical outcomes in pediatric intensive care unit cardiac
arrest resuscitation as compared to epinephrine and
placebo.
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Objectives: To study vitamin C levels in children with transfusion-dependent β-thalassemia
and correlate with age, transfusions received and iron overload; and to study the effect of
administering vitamin C on its levels and Malondialdehyde (MDA) in deficient patients.
Methods: This case-control study enrolled 100 children with transfusion-dependent β-
thalassemia and 30 healthy controls. MDA levels before and after administration of vitamin C
were performed randomly in 36 children with low vitamin C levels. Results: 81/95 (85.3%)
study subjects vs none in control group, had low plasma vitamin C levels (P<0.001). Vitamin C
levels were low in 64 of 71 (74.7%) subjects with dietary deficiency, while none of the 19
(63.3%) controls with dietary deficiency had low levels (P=0.04). Increasing serum ferritin
values correlated with vitamin C deficiency (P=0.02). The mean level of MDA reduced
(P<0.001) with vitamin C supplementation. Conclusions: Low levels of vitamin C are
common in children with thalassemia.  Dietary counseling along with supplementation with
vitamin C, in those with low levels may prevent oxidative stress.
Keywords: Iron overload, Oxidative stress, Thalassemia, Scurvy, Supplementation.

Correspondence to: Dr Mamta V
Manglani, Director, MCGM-
comprehensive Thalassemia Care,
Hematology-Oncology and BMT
Centre, CCI Compound, Borivali
(East), Mumbai  400 066,
Maharashtra, India.
mmanglani@hotmail.com
Received: May 30, 2020;
Initial review:  July 07, 2020;
Accepted:  January 01, 2021.

Children with transfusion-dependent β-
thalassemia (TDT) require frequent blood
transfusions resulting in iron overload [1].
Dietary vitamin C is destroyed through

irreversible oxidation by ferric iron deposits, thus leading
to its deficiency causing scurvy [2,3], given the fact that
dietary deficiencies are common in Indian children [4].
However, the risk of vitamin C supplementation is that
excess of vitamin C enhances iron absorption and also iron-
mediated peroxidation of membrane lipids, causing an
increased iron-induced membrane damage in cultured
myocardial cells [2]. This study was thus designed to assess
the plasma levels of vitamin C in Indian children with TDT
and correlate them with various patient and disease factors,
including overload and oxidant levels.

METHODS

This was a cross-sectional study conducted in the day-care
thalassemia centre of a tertiary hospital between December,
2011 to May, 2012. All children (below 18 years of age),
with TDT and receiving regular transfusions at the center
were included in the study group. Any child who was
already receiving vitamin C prior to enrolment was
excluded. In the control group, 30 asymptomatic children
who visited the pediatric outpatient department were
enrolled.

A detailed history including age, gender, number of
transfusions received till date (using record maintained by
the patients), chelation therapy, dietary history and
examination findings (with special reference to signs of
scurvy) were entered in a predesigned proforma after
taking informed consent. All children in the study group
underwent the following investigations: complete blood
count with RBC indices, liver and renal function tests, HIV
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antibody by ELISA, hepatitis B surface antigen (HBsAg),
anti-HCV antibody, serum ferritin levels and baseline
vitamin C levels prior to transfusion. Dietary assessment
was done by oral questionnaire method by recalling food
eaten in last 48 hours and during weekends [5] and
comparing it with the ICMR food composition tables [6].
Nutritional assessment was done by calculating weight for
height/mid upper arm circumference in less than 5 years,
and as per body mass index in children more than 5 years
using the WHO growth charts [7]. In the control group, a
detailed dietary history with clinical examination was
documented in the proforma, and their blood samples were
collected for vitamin C estimation.

All children with low levels of vitamin C were
administered vitamin C orally in therapeutic doses of 200
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mg per day for a period of 15 days, while counselling to
improve dietary content of vitamin C was also done. The
dose 200 mg was chosen as non-heme iron absorption
enhanced by vitamin C occurs above this dose [8]. In
randomly selected children (n=36) with low levels of
vitamin C, blood was also collected for oxidant
malondialdehyde (MDA) levels prior to administration of
vitamin C and prior to transfusion. Plasma vitamin C and
MDA levels were repeated in these 36 children after
completion of 15 days of oral administration of vitamin C.

Vitamin C estimation in plasma was done using 2, 6-
dichlorophenol indophenol dye method [9]. A level of
≤0.3 mg/dL was considered as deficient according to this
method. MDA estimation was done by modified method
of Sadasavidu, et al. [10].

Sample size was calculated using Stata Version 15.1
(StataCorp) based on the 64% incidence of vitamin C
deficiency in a previous study [12] of individuals with
thalassemia. With an alpha of 0.05, power of 80%, and
delta of 0.14, we estimated the sample size to be 98. Thus,
we recruited 100 participants.

Data analyses: Data was entered in MS Excel (Microsoft
Corp.) and converted to Stata Version 10 (Stata Corp) for
analysis. The differences in the categorical outcomes were
tested using the chi square test or Fisher exact test and the
differences in means of the continuous variables were
tested using the t test. We calculated the correlation
coefficient (r) between vitamin C levels, MDA and ferritin
levels. A P value of <0.05 was considered statistically
significant.

RESULTS

A total of 100 children with TDT were enrolled. Of these,
95 were evaluable of which 61 (64.2%) were males
(median age 9 years, IQR 7-13 years). In control group,
of the 30 children enrolled, 16 (53.3%) were males
(median age - 9 years, IQR 7.2-12 years). There was no

statistically significant difference between the age and
gender distribution in these two groups (P=0.56 and 0.29,
respectively). The mean (SD) number of transfusions was
205 (111.5) and serum ferritin level was 4634.5 (2980.3)
ng/mL. There was no statistically significant difference in
the nutritional status between the study and control group
(P=0.4); however, there were higher percentage of under-
nourished children in the study group (90% vs 64%).

Bone pains (4 children) and gum bleeds (3 children)
were seen only in the study group (P=0.69). Signs of
scurvy were seen in 5 (5.3%) (Gum hypertrophy in 2 and
typical skin changes in 3 children) of the children in study
group whereas in none in control group (P=0.45). Eighty
three children (87.4%) were on regular chelation, of which
54 (65.1%) children were on deferasirox, while 29 were
receiving deferiprone (34.9%). Two (2.1%) children with
TDT were HIV-1 infected, 18 (19%) were positive for
anti-HCV antibodies and none were HBsAg positive. The
mean (SD) value of vitamin C in study group was 0.2 mg/
dL (0.1) and in controls was 0.8 (0.2) mg/dL  (P<0.001).

Plasma vitamin C levels were low in 81 (85.3%)
children in the study group, while all children in control arm
had normal plasma vitamin C levels despite comparable
dietary deficiency of vitamin C (P<0.001).  Table I depicts
the correlation of dietary deficiency with low plasma
vitamin C levels in the 2 groups. Age (P=0.86), number of
transfusions received (P=0.67), chelation (P=0.84), and
associated infections (HIV, P=0.55, anti-HCV antibody
positive, P=0.63) did not have any correlation with vitamin
C levels, while increasing serum ferritin values correlated
with vitamin C deficiency (r=0.3, P= 0.02) (Fig.1). There
was a correlation between higher serum ferritin values and
MDA levels done prior to administration of vitamin C
(r=0.35, P=0.03). On administration of vitamin C, the mean
(SD) levels of vitamin C rose from 0.2 ( 0.1) mg/dL  to 0.8
( 0.2) mg/dL  in those with low plasma levels of vitamin C

Table I Vitamin C Dietary Deficiency and Plasma Levels in
Children With Transfusion-Dependent Thalassemia and
Controls

Dietary Study group, Control group,a
deficiency n=95 n=30

Normal level Low level Total Normal level
n=14 n=81 n=30

(>0.3 mg/dL) (≤0.3mg/dL) (>0.3 mg/dL)

Present 7 (50) 64 (79) 71 (74.7) 19 (63.3)
Absent 7 (50) 17 (21) 24 (25.3) 11 (36.7)

All values in no. (%). aNone had low vitamin C level. P=0.04 for low
vitamin C levels in diet deficient children in study and control group.

Fig. 1 Scatter diagram depicting increasing serum ferritin values
significantly correlated with vitamin C deficiency.



INDIAN  PEDIATRICS 633 VOLUME 58__JULY 15, 2021

BHAT, ET AL. VITAMIN C LEVELS IN THALASSEMIA

The present study had some limitations. Only plasma
vitamin C and MDA levels were measured out of numerous
antioxidants and oxidants that are present in the body. Iron
overload was estimated using serum ferritin alone which
may also be elevated due to infections and inflammation.
Tissue iron overload was not estimated using T2*weighted
magnetic resonance imaging.

Besides regular packed red cells and adequate iron
chelation, maintaining vitamin C homeostasis is the key to
reducing the oxidative stress, thereby protecting these
children from myocardial damage and consequent
mortality. Despite the fact that there was no statistically
significant difference in nutritional status between the two
groups, the proportion of undernourished children with
TDT was higher; hence, improved dietary intake through
counseling and supplementing vitamin C in those children
with TDT with low plasma vitamin C levels, will improve
outcomes in these children.
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(P<0.001).  The mean (SD) level of MDA dropped from
17.1 ( 7.0) nmol/mL to 8.1 ( 2.5) nmol/mL after 15 days of
administration of vitamin C (P<0.001).

DISCUSSION

In addition to occasional case reports of scurvy occurring in
children with thalassemia [3], a few studies have also
described vitamin C deficiency in these children [11,12].
We determined the magnitude of vitamin C deficiency in
Indian children with TDT and its impact on oxidant (MDA)
levels. Clinical symptoms and/or signs of scurvy were seen
in 7% of patients in the study group and none in the control
group, and vitamin C deficiency was associated with iron
overload and higher oxidant (MDA) levels.

Previous studies from various countries have reported
vitamin C deficiency in 64-100% of patients with
thalassemia [11-13], similar to 85.3% reported in this
study. Hussien, et al. [12] reported suboptimal plasma
levels of vitamin C in all children with TDT, despite a diet
sufficient in vitamin C. We also found low levels of vitamin
C  in 70.8% of children with TDT without dietary
deficiency, though it was higher in those with dietary
deficiency (90.1%). In the control group, irrespective of
dietary deficiency, all children had normal vitamin C
levels, probably due to lower or no oxidant stress in them.
Similar to our findings, a relation between iron overload
and vitamin C deficiency has also been reported by
Hussien, et al. [12].

The levels of oxidants and lipid peroxides are high in
children with TDT due to the accumulation of free iron
radicals and production of reactive oxygen species. A MDA
higher level signifies peroxidative damage to lipid mem-
branes in children with TDT [14,15]. Our results are similar
to other studies done in patients with transfusion-dependent
β-thalassemia, which have also found a marked imbalance
in the oxidant and antioxidant status with reduction in the
antioxidants and increase in the oxidant level with vitamin
C deficiency [14,16]; although, few authors have not
reported such an association [15].

A significant reduction in the MDA levels oxidant load
was observed after administration of vitamin C, suggesting
higher oxidative stress in children with vitamin C
deficiency. This also confirmed that supplementation of
vitamin C does not further increase the oxidative stress and
hence is safe to be given in children who are deficient.

WHAT THIS STUDY ADDS?

• Children with transfusion-dependent thalassemia are deficient in vitamin C and are more likely to develop scurvy,
besides posing a risk of oxidative stress.
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Can two different pneumococcal conjugate vaccines be
used to complete the infant vaccination series?
(Expert Rev Vaccines. 2020;19:995-1010)

This was a partially blinded randomized study done in 6-12
weeks old infants to assess the safety and immunogenicity
during the regimens with interchangeability of 13-valent
pneumococcal conjugate vaccine (PCV13) and completed with
the pneumococcal non-typeable Haemophilus influenzae
protein D-conjugate vaccine (PHiD-CV). Enrolled infants were
supposed to receive 2 priming doses at 2, 4 months and a
booster dose at 12-15 months and randomized into three arms
for vaccination - PCV13 at priming and PHiD-CV at boosting
(PPS); PCV13 then PHiD-CV at priming and PHiD-CV at
boosting (PSS); or PHiD-CV at priming and boosting (SSS
control). 294 infants were included in the vaccinated cohort at
primary vaccination (out of 457); 267 and 257 completed the
primary and booster vaccination phases, respectively. Grade 3
intensity adverse events occurring within 31 days after each
primary vaccine dose (primary objective) were 8.7% (PPS),
11.4% (PSS), and 16.9% (SSS), respectively in the three study
groups and none of them were considered vaccine related.
Reactogenicity, safety and immunogenicity were assessed as
secondary objectives, the immunogenicity of the two mixed
PCV13/PHiD-CV regimens was mostly similar to that of a
PHiD-CV-only series. Thus the study depicts the feasibility of
interchangeability of 13-valent pneumococcal conjugate
vaccine (PCV13) with the pneumococcal non-typeable H.
influenzae protein D-conjugate vaccine (PHiD-CV).
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Use of vaccines outside the cold chain or in controlled
temperature may contribute to improving immuni-
zation coverage in low- and middle-income countries
(LMICs) (J Glob Health. 2021;11:04004 )

The universal guidelines recommend the maintenance of cold
chain (+2°C to +8°C) to maintain the desired potency of the
vaccine. Recently, WHO permitted the use of vaccines outside
the cold chain as ‘controlled temperature chain (CTC).’ CTC
usually involves a single excursion of vaccine into ambient
temperatures not exceeding +40°C and for a specific number of
days, just prior to administration. The present scoping review
explored the use of CTC for increasing the immunization
coverage in low- and middle-income countries (LMICs), with a
focus on the timelines of the Global Vaccine Action Plan (2011-
2020). A total of 173 original peer-reviewed articles were
retrieved, of which 13 were included in the final review. Nine
studies were from Africa, 3 from Asia and 1 from Pacific region.
Non-randomized trails (4) were the commonest study type
followed by randomized trials (3), simulation models, cross
sectional studies (2 each) and a cohort study (1). Increased
coverage, logistical ease and financial savings were the benefits
of CTC found in the review without compromising with the
potency of the vaccine.  MenAfriVac and Gardasil are the two
vaccines approved for use under CTC conditions. CTC helps in
reaching large numbers of target population in far-off areas,
especially in LMICs.
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Pubertal Development and its Determinants in Adolescents With
Transfusion-Dependent Thalassemia
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Objective: To assess pubertal development and its determinants in adolescents with transfu-
sion-dependent thalassemia (TDT). Methods: In this cross-sectional study from a  tertiary
teaching hospital in Delhi, records of adolescents aged 17-19 years with TDT on regular
transfusion at thalassemia day-care centre were reviewed. Pubertal development and its de-
terminants were assessed. Results: Records of 58 (33 male) adolescents with TDT were re-
viewed. Among them, 42 (72.4%) had normal/delayed onset with spontaneous progression of
puberty, while 16 (27.6%) had pubertal arrest/failure and received hormonal replacement
therapy (HRT). Short stature was observed in all adolescents on HRT. Amongst other endo-
crinopathies, only hypoparathyroidism was found to be significantly higher in the HRT group.
On multivariate analysis, serum ferritin (OR-1.005, 95% CI 1.002, 1.009) was observed to be
the only significant determinant of pubertal arrest/failure. Conclusion: A significant propor-
tion of adolescents with TDT continue to have pubertal arrest/failure. High systemic iron load
is the key determinant for this.
Keywords: Delayed puberty, Growth failure, Hypogonadotropic hypogonadism, Ferritin.
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With the advent of intensive transfusion and
robust chelation regimes, life expectancy
has increased significantly in patients
with transfusion-dependent thalassemia

(TDT). Concurrently, endocrine dysfunction has emerged
as an important cause of morbidity in adolescents and
adults with TDT. Deranged pubertal development is
amongst the commonest endocrinopathies observed in
adolescents with thalassemia. Early recognition and
timely management of these adolescents can not only
help in optimizing growth and pubertal development but
also improve their bone mineral density, quality of life
and preserve fertility potential.

Children with TDT experience poor growth
predominantly during the peri-pubertal phase or puberty.
This is primarily due to transfusion associated iron
overload affecting the growth hormone-insulin like growth
factor axis (GH-IGF axis) and the hypothalamic-pituitary-
gonadal (HPG) axis. Despite regular transfusions and
optimal chelation therapy, the prevalence of pubertal
disturbances in TDT still ranges between 30-70% [1-3]. In
a previous study from our center, delayed puberty and/or
hypogonadism were reported in 54.1% of children with
TDT [4]. The key contributory factor is transfusion-
mediated hemosiderosis in HPG axis that leads to
hypogonadotropic hypogonadism (HH).

With improvement in the management of children with
TDT, the prevalence of growth failure and pubertal

disturbances have decreased. However, information on the
prevalence and manifestations of pubertal disturbances in
adolescents with TDT from India is scarce. We report the
spectrum of pubertal disturbances and their determinants
in adolescents with TDT.
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METHODS
This cross-sectional study was conducted at the thala-
ssemia day-care centre and pediatric endocrine clinic of a
tertiary level teaching hospital in Delhi over a period of 3
months from June, 2019 to August, 2019. The records of
all adolescents with TDT in the age group 17 to 19 years
attending the center and on regular transfusion and
chelation therapy (for at least previous 7 years) were
reviewed. Information on annual transfusion requirement
(ATR) and average ferritin (done at least biannually)
levels over last 7 years were recorded. Anthropometric
SD scores (SDS) were calculated according to age and
sex-specific norms using IAP 2015 growth reference
charts [5]. Mid-parental height (MPH) was calculated
and the child’s height within ±2SD of MPH was
considered appropriate for the genetic potential. Children
with height for age below 2 SDS were considered to have
short stature. Pubertal development and progression over
the previous years as assessed by sexual maturity rating
(SMR) according to Tanner criteria was noted.
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As a part of usual care protocol at our center, children
with TDT after 10 years age undergo regular growth and
pubertal assessment and an annual endocrine screen. The
latter consists of thyroid function tests, fasting plasma
glucose, oral glucose tolerance test (if indicated), serum
calcium, phosphate, alkaline phosphatase, 25-hydroxy
vitamin D and parathyroid hormone (if indicated by clinical
or biochemical features). Bone age, luteinizing hormone
(LH), follicle stimulating hormone (FSH), and sex steroids
[estradiol (female) and testosterone (male)] are assessed in
adolescents with delayed/arrested/failed puberty. Low
FSH, LH and sex steroids for age, sex and pubertal stage
indicate hypogonadotropic hypogona-dism. In those with
equivocal results, gonadotropin-releasing hormone (GnRH)
analog stimulation test is performed to evaluate the pitui-
tary’s ability to synthesize and secrete gonadotropins. In
cases with arrested/delayed puberty, incremental age
appropriate hormone replacement therapy (HRT) is started
as per standard protocol. Screening for Hepatitis B, C, HIV
and liver function is done in all children annually. ECG,
echocardiography and MRI T2* imaging for cardiac and
hepatic dysfunction is also performed to look for trans-
fusional iron overload. A baseline DEXA (dual-energy X-
ray absorptiometry) scan followed by annual/biennial
screening of bone mineral density (in case of fragility
fractures) is done on case to case basis.

Based on the onset and progression of puberty, the
children recruited in this study were categorized into 4
groups: Group 1: Normal onset and progression of puberty,
Group 2: Delayed onset and spontaneous progression of
puberty after priming with low dose sex steroids for 3-6
months, Group 3: Normal/delayed onset with pubertal
arrest, and Group 4: No spontaneous onset of puberty –
pubertal failure.

Delayed puberty was defined as absence of gonadarche
(testicular volume <4 mL) in males by 14 years and
thelarche (appearance of breast bud) in females by 13
years. The failure of pubertal progression from one Tanner
stage to the next over a period of 1 year was considered as
pubertal arrest. Failure to achieve menarche by 16 years

was defined as primary amenorrhea while the absence of
menstrual cycles for >12 months after attaining menarche
was considered secondary amenorrhea.

The study was approved by the institutional ethics
committee and a written informed consent of the parent/
guardian of the participants was taken. Consent/assent of
the participants was also taken.
Statistical analysis: These were done using SPSS version
20.0. Categorical variables were analyzed using chi
square test and continuous variables, using indepen-dent t
test. Multivariate logistic regression was done to study
factors determining pubertal failure and arrest.
RESULTS
The records of 58 adolescents with TDT were reviewed
(Table I). Thirty four (58.6%) children in group 1 and 8
(13.8%) in group 2 did not require HRT i.e., non HRT
group (n=42; 72.4%). Sixteen (27.6%) children [group 3;
7 (12.1%) and group 4; 9 (15.5%)] had pubertal arrest/
failure and received HRT. All girls in HRT group had
primary amenorrhea, except for one girl in group 3 with
secondary amenorrhea. All children in the HRT group
had short stature while in the non HRT group, 14/23
(60.9%) boys and 7/19 (43.8%) girls were short. When
compared with the respective MPH, two-third of children
fell short of their genetic potential in the HRT group. All
children with delayed, failed and arrested puberty had
delayed bone age i.e. < –2SD from chronological age.

The baseline and stimulated GnRH levels of LH, FSH,
and estradiol (female) and testosterone (male) were
assessed for subjects in group 2,3 and 4 (Table II). Both
baseline and peak values of gonadotropins and sex steroids
were significantly lower in group 3 and 4 as compared to
group 2. No subject in this study had evidence of
hypergonadotropic hypogonadism. There was no
significant difference in endocrinopathies between HRT
and non-HRT groups except for hypoparathyroidism,
which was significantly higher in the former group (Table
III). On multivariate analysis of factors associated with
failed/arrested puberty, the mean serum ferritin

Table I Anthropometric and Pubertal Characteristics of Children With Transfusion-Dependent Thalassemia

Characteristics                              Males (n=33)                                                                                     Females (n=25)
No HRT (n=23) HRT (n=10) No HRT (n=19) HRT (n=6)

Age pubertal onset, ya 13.5 (1) 16.5 (1) 12 (1) 15.5 (1)
Menarche, yb - - 14.5 (1) 17.5 (1)
Height z-scorec – 2.09 (0.90) – 3.29 (0.79) – 1.57 (1.52) – 4.25 (2.21)
Weight z-scored – 1.81 (0.74) – 2.76 (0.87) – 1.87 (0.78) – 2.70 (0.90)
BMI z-score – 1.06 (0.88) – 1.53 (0.85) – 0.51 (0.94) – 0.80 (0.81)
Final height - MPH, cme – 6.9 (5.9) – 14.7 (8.6) – 4.1 (9.5) – 13.7 (6.5)
aP<0.001 for both sexes; bP=0.002; cP<0.01 for both boys and girls; dP=0.003 for boys and 0.036 for girls; eP=0.005 for boys and 0.04 for girls.
MPH: mid parental height; BMI: body mass index; HRT: hormone replacement therapy.
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(OR=1.005, 95% CI, 1.002, 1.009;  P <0.05) remained the
only significant predictor while mean ATR, gender and
other co-morbidities like liver dysfunction, hypothy-
roidism, type I diabetes mellitus, hepatitis B/C failed to
show any significant association.

DISCUSSION

This study describes the spectrum of pubertal disturbances
in adolescents with TDT under regular follow-up. While
nearly 60% subjects had spontaneous onset and progre-
ssion of puberty, more than a quarter required HRT due to
pubertal arrest/failure. All adolescents requiring HRT had
short stature. Hypoparathyroidism and liver dysfunction
were reported more in the HRT group. High iron overload
was the only significant predictor of pubertal failure/arrest.

The main limitation of this study was that the dynamics
of the genotype-phenotype interaction in the development
of pubertal failure was not assessed. βºβº compared to βºβ+

and β+β+ phenotypes have been shown to have increased
need of blood transfusions and thereby, higher iron
overload and endocrinopathies [6]. Further, the evaluation
of growth axis and its relative contribution to pubertal
failure was not performed.

Growth failure is one of the most common
complications observed in children with TDT. This study
found short stature in all children on HRT. The pubertal
failure/arrest significantly contributed to the reduced
final heights in these children. This is in agreement with
studies on growth failure in children with TDT reported
from India [7,8] and globally [9].

Hypogonadism was found in 27.6% subjects which is
lower than that reported in a previous study from our
center [4] and literature published before 2005 [10]. The

Table III Clinical Characteristics and Co-morbidities in
Children With Transfusion-Dependent Thalassemia

Variables Non-HRT, n=42 HRT, n=16

Males, n (%) 23 (54.8) 10 (62.5)
Pretransfusion 9.4 (0.4) 9.3 (0.5)
hemoglobin, mg/dL
Annual transfusion 135.6 (11.3) 146.4 (17.2)
requirement, mL/kgb

Serum ferritin, ng/mLc 2752.4 (1082) 5084.9 (1640.5)
SGOT, IU/Lc 40.6 (15.7) 73.4 (30.7)
SGPT, IU/L 49.9 (30.2) 107.2 (63.7)
Hypothyroidism, n (%)d 5 (11.7) 4 (25)
Hypoparathyroidism, n (%)b 1 (2.3) 4 (25)
Impaired glucose tolerance/ 16 (38.1) 8 (50)
Type I DM,  n (%)
HCV positive, n (%) 4 (9.5) 2 (12.5)
MRI T2* liver score, ms 8.5 (7.2) 9.3  (7.3)
MRI T2* cardiac score, msa 19.4 (11.2) 13.0 (5.6)
DEXA spine; SD scoresb –1.54 (1.64) –3.06 (1.50)
DEXA hip; SD scoresc –1.38 (1.11) –2.70 (0.96)
aP<0.05, bP<0.01, cP<0.001. 1 child in non-HRT group was hepatitis B
positive, and 1 in HRT group was HIV-positive. SGOT: serum glutamic-
oxaloacetic transaminase; SGPT: serum glutamic pyruvic
transaminase; DM: diabetes mellitus; MRI: magnetic resonance
imaging; DEXA: dual energy x-ray absorptiometry; HRT: hormone
replacement therapy. dsub-clinical/avert.

Table II Gonadotropin and Sex Hormone Profile on Gonadotropin Releasing Hormone (GnRH) Analog Stimulation Test in
Children With Transfusion-Dependent Thalassemia (N=24)

                                 Male, n=15                                                                                        Female, n=9
Group 3 & 4, n=10 Group 2, n=5 Group 3 & 4, n=6 Group 2, n=3

LH (mIU/mL)
Basal 0.36 (0.19) 0.80 (0.48) 0.45 (0.02) 0.90 (1.15)
Peak 0.92 (0.45) 2.50 (0.55) 1.10 (0.13) 2.22 (1.45)
FSH (mIU/mL)
Basal 0.61(0.56) 1.3 (1.12) 0.85 (0.63) 2.23 (1.89)
Peak 0.94 (0.14) 3.8 (1.55) 1.5 (1.18) 4.35 (2.65)
Estradiol (pg/mL)
Basal - - 2.75 (0.65) 9.80 (6.68)
Peak - - 4.23 (1.13) 26.33(8.55)
Total testosterone (ng/dL) - -
Basal 2.24 (0.66) 23.80 (5.77) - -
Peak 3.51 (0.68) 59.44 (6.50) - -
P<0.001 for all comparisons between Group 2 and Group 3 and 4. GnRH analog stimulation test was not performed in group 1 children who
underwent spontaneous onset and progression of puberty.

likely cause for this observation is use of regular
transfusions, better chelation and monitoring in the
current era. The variability in worldwide prevalence of
hypogonadism [1-3] may be explained by discrepancy in
definitions of pubertal failure, differences in study cohort
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and their genetic variability. Also, the design of this study
would miss subjects who may develop hypogonadism
and secondary amenorrhea as an adult.

The mechanism of hypogonadotropic hypogonadism
is postulated to be pituitary iron deposition resulting in
volume loss and failure of HPG axis [11]. Priming with
low dose sex steroids improves the responsiveness of the
pituitary to gonadotropin releasing hormones. It is an
effective method of inducing physiological puberty, feasi-
ble even in low resource countries [12]. Therefore, it was
used in adolescents in group 2 to jump-start the puberty.

The prevalence of other endocrinopathies in this
study was consistent with the published literature [13].
Previous studies indicate male sex, high serum and tissue
iron overload, genotype-phenotype interaction, severe
clinical endocrinopathy as predictors of HH in children
with TDT [14,15]. Our study showed no correlation with
gender or endocrine dysfunction, while high serum
ferritin levels had a significant association with pubertal
failure/arrest. Further studies are required to assess the
genotype - phenotype correlation in TDT, leading to a
higher transfusion requirement and resultant increased
systemic iron load. This will help design strategies to
intensify chelation in subset of vulnerable children for the
prevention of endocrinopathies and other comorbidities.
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Objective: To evaluate the differential characteristics of SARS-COV-2 associated inflamma-
tory multisystem syndrome (MIS-C) in children. Methods: A retrospective cohort study was
conducted.  The definition of MIS- C was based on WHO criteria. Temporally related COVID-
19 patients were included as controls. Results: 25 patients with MIS-C and 75 controls were
included. Multivariate multiple logistic regression model of variables that showed to be signifi-
cant in univariate analysis revealed that age ≥2 years (OR 24.7; 95% CI 1.03 -592.4;
P=0.048), lymphopenia (OR 9.03, 95%CI 2.05-39.7; P=0.004), and platelet count <150x109/
L (OR 11.7; 95% CI 1.88-75.22; P=0.009) were significantly associated with MIS-C.  Pres-
ence of underlying disease seemed to reduce the risk of MIS-C (OR 0.06; 95% CI 0.01-0.3).
Conclusion: MIS-C was more common in patients older than 2 years and in those with lym-
phopenia or thrombocytopenia.  Underlying disease appears to reduce the risk of MIS-C.
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Multisystem inflammatory syndrome
(MIS-C), in association with severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, shares some

clinical features with Kawasaki disease (KD), toxic shock
syndrome (TSS), macrophage activation syndrome, and
other inflammatory processes as in the so-called cytokine
storm [1-5]. MIS-C is characterized by persistent fever,
abdominal pain, vomiting, diarrhea, as well as muco-
cutaneous, cardiovascular, hematological, musculo-
skeletal, and neurological manifestations, among others [6-
11]. After identification of MIS-C cases in Argentinean
children with COVID-19, we conducted this study to
evaluate the possible risk factors associated with MIS-C to
allow clinicians to categorize patients who may require
closer monitoring and interdisciplinary management.

METHODS

A retrospective cohort study was conducted at a tertiary
pediatric referral center. Patients were identified from the
electronic database of pediatric patients with confirmed
COVID-19 seen between 19 April,  and 31 October,
2020, at the Department of infectious diseases. This study
was approved by the institutional research board.

Children with a diagnosis of MIS-C, as established by
the World Health Organization (WHO) [12], were included
in the study and defined as cases. For each case, three
consecutive children with a positive reverse transcriptase-
polymerase chain reaction (RT-PCR) for SARS-CoV-2 and
no clinical or laboratory findings suspicions of MIS-C were
selected as controls. Thrombocytopenia was defined as a
platelet count <150×109/L and lymphopenia as a lympho-
cyte count <1×109/L on admission. C-reactive protein
(CRP) <5 mg/L, B-type natriuretic peptide (BNP) <104 pg/
mL, troponin <19 ng/L, and ferritin <200 ng/mL were
considered to be within normal range. Cardio-vascular
involvement was identified in the presence of any of the
following: vasopressor requirement, an echo-cardiogram
showing an abnormal ejection fraction, pericarditis or
pericardial effusion, or elevated troponin or BNP levels.
For both cases and controls, exclusion criteria were
previous treatment with convalescent plasma or steroids,
presence of any viral or bacterial co-infections, and
outpatient status.

We analyzed epidemiological data (age, sex, co-
morbidities, overcrowding defined as more than 4 people
living in one room, and living in informal settlements);
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virological data (RT-PCR of nasopharyngeal secretions
and/or positive serology on admission); and clinical data
(fever, respiratory distress, abdominal pain, diarrhea,
vomiting, myalgia, dysgeusia, anosmia, conjunctivitis,
rash, shock, intensive care unit (ICU) admission,
mechanical ventilation requirement, oxygen therapy, or
inotropic and vasopressors, and the length of hospital
stay).

Laboratory tests on admission included leukocyte,
lymphocyte, and platelet counts. In patients with suspected
MIS-C, coagulogram, fibrinogen, ferritin, CRP, procal-
citonin (PCT), liver and kidney function, lactate
dehydrogenase (LDH), BNP, and troponin were analyzed
(when available). Echocardiogram and radiographs were
performed on admission and repeated depending on
clinical features. Lung computed tomography (CT) scan
and abdominal ultrasound were performed according to
symptoms. Blood and urine cultures, PCR of naso-
pharyngeal swabs for influenza virus, respiratory syncytial
virus, adenovirus, metapneumovirus, rhinovirus, and
coronaviruses and serology for HIV, VDRL, HCV, HBV,
CMV and EBV were also performed. Intravenous immuno-
globulin (IVIG) and/or steroid use was documented.
Outcome was defined as discharge or death.

Statistical analysis: Univariate analysis was performed to
compare cases and controls. Odds ratio (OR) with a 95%
CI was used for dichotomous variables. Chi-square or
rank-sum test were used. Predictive factors for MIS-C
were identified using a multiple logistic regression model
including variables that were significant in univariate
analysis. STATA 16 was used for statistical analysis. A
value of P<0.05 was considered as significant.

RESULTS

Of  the 533 children aged <18 years with COVID-19, 25
(4.7%) met the diagnostic criteria for MIS-C. In addition,
75 patients were included as controls. Median age of
cases was 104 months (IQR 61-126) vs 78 months (IQR
18-139) in the control group. Underlying diseases were
more commonly observed in the control group (n=52;
69%) than in MIS-C patients (n=7; 28%) Underlying
diseases were cancer (18 controls; 24%), solid organ
trans-plantation (18 controls; 24%), genetic disorders (4
controls; 5%), neurological disorders (4 controls; 5%,
and 3 cases; 12%), congenital disorders (3 controls; 4%),
obesity (3 controls; 4%), recurrent wheezing (3 cases;
12%), chronic renal failure (1 case; 4%), and others (15
controls; 20%).

Clinical manifestations of MIS-C patients and
controls are shown in Table I. Nine MIS-C patients
(36%) vs one control (1.3%) required intensive care unit

(ICU) admission. Eight MIS-C patients (32%) had
cardiac abnormalities consisting of myocarditis (n=3),
pericarditis (n=1), left ventricular dysfunction (n=3) and
coronary dilatation (n=1). Lymphopenia and thrombo-
cytopenia were more common in MIS-C patients than
controls. Median (IQR) CRP was 139 (122-248) mg/L,
BNP 1116 (183-4857) pg/mL, troponin 2.5 (<1.5-79) ng/
L, and ferritin 339 (191-611) ng/mL in MIS-C patients. At
onset, PCR for SARS-Co-V2 was positive in 15 MIS-C
patients (60%) and in all of those in the control group.
IgM antibodies were positive in seven MIS-C patients
(28%) and six controls (8%), while IgG antibodies were
positive in 24 MIS-C patients (96%) and 22 controls
(29%). In one MIS-C patient with a history of close
contact with COVID-19 one month previously, both the
PCR and antibody test were negative. All MIS-C patients

Table I Characteristics of Children With SARS-CoV-2
Infection With and Without MIS-C

Variable MIS-C Controls OR (CI 95%)
n=25 n=75

Male sex 9 (36) 36 (48) 0.61
(0.21-1.69)

Age, moa 104 78 –
(61-126) (18-139)

Age ≥2 y 24 (96) 54 (72) 9.33
(1.19-73.4)

Living in a popular 8 (32) 7 (9) 4.57
neighborhood (1.23-16.8)
Asymptomatic 0 20 (27) –
Fever 25 (100) 29 (39) –
Abdominal pain 9 (36) 10 (13) 2.68 (0.8-8.2)
Diarrhea 14 (56) 9 (12) 9.33 (2.9-30.5)
Vomiting 12 (48) 13 (17) 4.40 (1.4-13)
Skin involvement 16 (64) 3 (4) 42.66

(9.1-254.8)
Conjunctival injection 9 (36) 0 –
Septic shock 8 (32) 0 –
Upper respiratory 5 (20) 18 (24) 0.79
tract infectionb (0.2 -2.6)
Odynophagia 4 (16) 8 (11) 1.59 (0.3-6.7)
Tachypneac 3 (12) 2 (3) 4.97 (0.5-61)
Headache 2 (8) 4 (5) 1.54 (0.1-11.5)
Myalgia 3 (12) 1 (1) 10.09 (0.7-536.6)
Anosmia 0 1 (1) -

Values in no. (%) or amedian (IQR). bUpper respiratory tract infection:
cough, loss of appetite, sore throat, or nasal congestion, nasal stuffiness,
rhinorrhea, anosmia; cTachypnea (breaths/min): ≤2 mo: >60; 2-11 mo:
>50; 1-5 y: >40; >5 y: >20. MIS-C: multi-system inflammatory syndrome
associated with SARS-CoV-2 in children; PCR: polymerase chain
reaction.
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hypothesis that MIS-C is an immune-mediated post-
infectious synd-rome related to SARS-CoV-2 infection
[6-11]. In our series, gastrointestinal symptoms were
more frequent in MIS-C patients than in controls. Fever
was observed in all MIS-C patients but not in all controls
[8]. Similar to other series, shock and acute heart failure
were more frequent in MIS-C patients than in controls
[13].

MIS-C is associated with heart complications and
inflammatory disorders triggered by SARS-CoV-2 with
features similar to KD suggesting that this virus might be
acting as an immunological trigger causing similar
immune- mediated injury to the heart and coronary arteries
comparable to KD [13]. Cardiovascular involvement was
common in our MIS-C patients but not seen in any of the
controls.

Low lymphocyte count, associated with poor
outcome, was more common in MIS-C patients than in
controls [14]. Levels of acute-phase reactants (CRP and
PCT), may be high in patients with MIS-C [5,8]. Similar
to other studies, all MIS-C patients received IVIG and
combination with steroids in some of them [8]. As in
previous studies on COVID-19 in children, ICU
admission was more frequent in MIS-C patients [7-8], but
no deaths were reported.

In conclusion SARS-CoV-2 associated MIS-C was
more common in children older than 2 years and in those
with lymphopenia or thrombocytopenia. The presence of
underlying diseases seems to decrease the likehood to
develop MIS-C; however, further studies are needed to
confirm this observation and rule out that it was an
incidental association in this study.

Ethics clearence: Hospital Juan P Garrahan; No. 1294, dated
October 11, 2020.

received IVIG, associated with steroids in 15 (60%).
Median (IQR) length of hospital stay was 10 days (9-12)
in cases vs 8 (4-11) days in controls (P=0.006) (Table II).

Multivariate logistic regression analysis revealed that
age >2 years (OR 24.71; 95%CI,1.03-592.42), lympho-
penia (OR 9.03; 95% CI, 2.05-39.70), and thrombo-
cytopenia (OR 11.73; 95%CI, 1.88-75.22) at diagnosis
were significantly associated with MIS-C. Presence of
underlying diseases (OR 0.06; 95%CI, 0.01-0.30) seems
to reduce the probability of developing MIS-C.

DISCUSSION

In our series all MIS-C patients were older than 2 years,
which is in agreement with previous finding that MIS-C
does not affect infants younger than 1 year [1-8].
Potential age-related variability among MIS-C patients
may result from differences in SARS-CoV-2 infection
due to the likelihood of exposure or to differential nasal
expression of angiotensin-converting enzyme 2, the entry
receptor for SARS-CoV-2 [2-6]. Inequalities in access to
health care, genetics-related risks, or overcrowding might
be lines for future research. In our study, living with a
person with COVID-19 and overcrowded living condi-
tions were significantly associated with MIS-C in uni-
variate analysis.

Several studies evaluating patients with MIS-C have
found high rates of comorbidities [8,13,14]. In our series
comorbidities were less frequently observed in MIS-C
patients than in controls. A recent meta-analysis
concluded that cancer patients undergoing treatment were
not at a higher risk of developing more severe COVID-19
disease; however, the role of comorbidities in patients
with COVID-19 needs further exploration [15]. Most
MIS-C patients had a previous or concurrent laboratory-
confirmed SARS-CoV-2 infection, supporting the

Table II Laboratory Characteristics of Children With SARS-CoV-2 Infection With and Without MIS-C at Hospital Admission

Variable MIS-C, n=25 (%) Controls, n=75 (%) OR (CI 95%)

White cells counta 10650 (6800-13680) 6840 (4350-10830) –
Lymphopenia 15 (60) 14 (19) 4.8 (1.77-13.1)
Platelets count/La 197000 (137000-246000) 294000 (210000-375000) –
Thrombocytopenia 8 (32) 4 (5) 8.3 (2.24-31)
C-reactive protein, mg/La 139.9 (122-248.5) 2.94 (0.77-22.8) –
Abnormal liver enzymes 3 (12) 5 (7) 1.9 (0.3-10.7)
SARS-CoV-2 PCR 15 (60) 75 (100) –
IgM SARS-CoV-2 7 (28) 6 (8) 4.47 (1.1-18.0)
IgG SARS-CoV-2 24 (96) 22 (29) 57.8 (8.1-2410.2)

Values in no. (%) or amedian (IQR). Lymphopenia-lymphocyte count <1000/mm3 on admission; Thrombocytopenia: platelet count <150000/mm3.
MIS–C -multisystem inflammatory syndrome associated with SARS-CoV-2 in children; PCR -polymerase chain reaction.
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WHAT THIS STUDY ADDS?

• In Argentina, MIS-C was more common in children older than two years and those with lymphopenia or
thrombocytopenia.

• Presence of underlying diseases seems to decrease the likelihood to develop MIS-C.



INDIAN  PEDIATRICS 643 VOLUME 58__JULY 15, 2021

Agreement Between Non-Invasive (Oscillatory) and Invasive Intra-
Arterial Blood Pressure in the Pediatric Cardiac Critical Care Unit
AMIT KUMAR,1 JIGAR P THACKER, 1 MANOJ CHAUDHARY,1 AJAY G PHATAK,2 SOMASHEKHAR M NIMBALKAR1

From Department of  1Pediatrics, Pramukhswami Medical College; and 2Central Research Services, Charutar Arogya Mandal;
Karamsad,  Anand, Gujarat.

Correspondence to:
Dr Jigar P Thacker,
 Assistant Professor, Department of
Pediatrics,  Pramukhswami Medical
College, Shree Krishna Hospital,
Karamsad  388 325, Anand, Gujarat.
thackerjigar@yahoo.co.in
Received: July 24, 2020;
Initial review:  August 21, 2020;
Accepted:  December 16, 2020.

Blood pressure (BP) recording is an integral
part of hemodynamic monitoring for quick
therapeutic decisions in an intensive care
setting. Non-invasive BP (NIBP) monitoring by

an oscillatory automated device is an accepted modality in
most clinical settings. Alternatively, invasive monitoring
after placing an intra-arterial catheter is considered the gold
standard as it provides continuous, reliable, and beat to beat
monitoring of the BP [1,2]. Invasive BP (IBP) monitoring is
the norm in pediatric post-cardiac surgery settings [3]. The
NIBP measurement is affected by multiple factors
including accuracy of the equipment, observer bias,
position and movement of the arm, and the child’s
cooperation [4]. Determination of the appropriate BP cuff
size is also crucial in pediatric patients. IBP reading is
affected by movement artifact, altered pulse traveling in
case of arterial dissection or stenosis, calibration errors, or
overdamping and under-damping phenomena due to
inappropriate dynamic response of the fluid-filled
monitoring systems [5]. It is technically cumbersome and
requires trained manpower to insert and maintain an arterial
catheter, which may not be readily available at all facilities.
IBP monitoring systems have known complications such as
local tissue injury, excessive bleeding, hematoma for-
mation, blood-stream infection, thrombosis or embolism,
distal ischemia, and pseudoaneurysms of the vessels [6].

NIBP is easy, cost-effective, and avoids potential
harms caused by invasive arterial line. Several studies
have compared the accuracy of NIBP to IBP in intensive
clinical care settings [3,7,8]. There are fewer such studies
in the pediatric cardiac critical care setting [3]. This
observational study assessed the agreement between
NIBP by an automated oscillatory method with IBP in the
pediatric cardiac critical care setting.

METHODS

This study was conducted in the pediatric cardiac critical
care unit on post-operative patients who had undergone
cardiothoracic surgeries. As per the protocol of the unit,
the patient was induced on a radial arterial line by the
anesthetic team in an operating room. Later, central
venous and femoral arterial lines were inserted. Hemo-
dynamics in the intra-operative and post-operative period
were monitored via the femoral line. The radial line was
not preferred for the peri-operative monitoring, parti-
cularly for the surgeries involving cardio-pulmonary by-
pass and was less stable in the pediatric age group due to
frequent de-lining. The study was approved by the institu-
tional ethics committed with a waiver of informed consent.

All consecutive patients with an intra-arterial line
(radial and/or femoral) were selected for this study. The
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Objective: We assessed the agreement between non-invasive (oscillatory) blood pressure
(NIBP) measurements and invasive intra-arterial blood pressure (IBP) in the pediatric cardiac
critical care unit. Methods: Children with intra-arterial lines as per standard management
protocol were enrolled. NIBP was measured every 4 hourly and the corresponding IBP read-
ing was recorded. Results: A total of 839 brachial NIBP, 834 IBP femoral (IF), and 137 IBP
radial (IR) readings were noted on 45 participants. The mean difference (95% CI) for agree-
ment between NIBP and IF was -2.3 (-27.1, 22.5) mmHg for systolic, 0.9 (-21.3, 23.1) mmHg
for diastolic and 0.3 (-23.3, 23.9) mmHg for mean BP. Similar results were found between
NIBP and IR and between IF and IR. The interrater agreement [Kappa (95% CI)] was fair be-
tween NIBP and IF [0.54 (0.48, 0.61)], and IF and IR [0.62 (0.48, 0.76)] but lower between
NIBP and IR [0.37(0.20, 0.55)] when values were classified as hypotensive, normotensive,
and hypertensive. Conclusions: NIBP cannot replace but can supplement IBP in the pediat-
ric cardiac critical care setting.
Keywords: Accuracy, Comparison, Indirect blood pressure, Femoral blood pressure.
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decision of placing an arterial line was made by the
treating team. All lines were placed without ultrasound
guidance. Radial and femoral lines used in the same
patient were connected to the same transducer via a three-
way stopcock. The radial line was usually removed on the
next day of surgery, whereas the femoral line was kept as
long as required. NIBP measurement was done by the
oscillatory method within one hour of admission to the
post-operative care unit and then repeated every four
hourly. Patients with contraindications to NIBP cuff
application/inflation (arm injuries or wounds, limb
edema) were excluded from the study. Patients with
uncorrected or inadequately corrected coarctation/
interruption of aorta were also excluded. IBP reading was
concurrently noted at each instance of NIBP recording in
a patient. Age, weight, height, primary diagnosis, type of
surgery/intervention, and current clinical condition of all
participants were recorded.

IBP measurement was performed with an appro-
priately sized arterial catheter (Leader-Flex, Vygon,
GmbH & Co) inserted into the radial/femoral artery and
connected to a disposable pressure transducer (iPeX, B L
Lifesciences Pvt Ltd) using rigid pressure tubing of
identical length. In neonates, a 24 G cannula (Jelco) was
used to obtain a radial line. The transducer was connected
to the blood pressure module of the Drager, Infinity Vista
XL (Dragerwerk AG & Co) bedside monitor. The catheter
was flushed with heparinized saline (2 units/mL) at the
rate of 3 mL/hour to prevent clotting. However, in
neonates, the rate of flow was kept at 1 mL/hour via
syringe pump to reduce their fluid intake. As both radial
and femoral lines were connected to the same transducer
by a three-way stopcock, the flush was entering one
arterial line at a time. The IBP measurements were
documented every hour by rotating the valve. Four hourly
IBP values for invasive femoral (IF) and invasive radial
(IR) were taken to coincide with the NIBP measurements.
The pressure monitoring set had a continuous flush
element pigtail that could be pulled to allow the rapid
flush of the system. The transducer position was at the
level of the patient’s 4th intercostal space at the mid-
axillary line, ensuring the absence of kinking or air
bubbles in the tubing and transducer. Zeroing and fast-
flush test to verify optimal damping was done in every
nursing shift.  Oscillatory BP (NIBP) in the upper limb
was measured by using Drager, NIBP cuff (Dragerwerk
AG & Co) of appropriate sizes and connected to the BP
module of the Drager, Infinity Vista XL – Multi-para
monitor via BP cable.  The NIBP was measured in a
different limb to that with the arterial line.

The blood pressure measurements by all the three
methods were classified as hypotensive, normotensive,

and hypertensive based on age and height by systolic
value [9-11]. Fifth percentile cut off was used to label
hypotension in our patient population [9].

Statistical analysis: Bland-Altman analysis was
performed to assess agreement amongst NIBP, invasive
femoral (IF), and invasive radial (IR) recordings. Kappa
statistic with quadratic weights was used to assess
agreement amongst the three methods at a crude level.
The analysis was performed using STATA 14.2.

RESULTS

During a period of nine months, a total of 45 (33 male)
patients [median (IQR) age 12 (4,84) months] were
enrolled in the study. A total of 839 upper limb NIBP
measurements, 834 femoral line, and 137 radial line
blood pressure readings were available. The primary
diagnosis and age group of the patients are mentioned in
Table I. All the patients were on ventilatory and inotropic
support during the initial post-operative period. The
median (Q1,Q3) duration for ventilatory and inotropic
support was 36 (7,74) and 57 (24,80) hours, respectively.
None of the patients had pre-existing hypertension or
features of vasculitis. The mean difference (95% CI) for
agreement between NIBP and IF line was -2.3 (-27.1,
22.5) mm Hg for systolic, 0.9 (-21.3, 23.1) mmHg for
diastolic and 0.3 (-23.3, 23.9) mm Hg for mean blood
pressure. The mean difference (95% CI) for agreement
between NIBP and IR line was -0.5 (-23.2, 22.3) mmHg
for systolic, 2.1 (-19.6, 23.8) mmHg for diastolic and 2.3
(-19.1, 23.6) mmHg for mean blood pressure. The

Table I Age Group and the Primary Diagnosis of the Patients
(N=45)

Characteristics No. (%)

Age
<1 mo 7 (15)
1-12 mo 20 (44)
1-5 y 5 (11)
5-10 y 7 (15)
10-18 y 6 (13)
Diagnosisa

Ventricular septal defect 10 (22)
Atrial septal defect 9 (20)
Tetrology of fallot 8 (18)
Total anomalous pulmonary venous return 4 (09)
Double outlet right ventricle 4 (09)
aPatent ductus arteriosis and transposistion of great arteries in two
children each; and anomalous origin of left coronary artery from
pulmonary artery, atrio-ventricular canal, coarctation of aorta, single
right ventricle, tricuspid atresia, severe mitral regurgitation were seen
in one child each.
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transducer [1,7]. Oscillatory devices track oscillations of
the pressure in a cuff during its progressive deflation.  The
maximal oscillation corresponds to MAP and systolic and
diastolic readings are calculated which results in different
accuracy with different devices [7]. Improper cuff size
and poor cooperation and movement of the pediatric
subject can affect NIBP reading [4].

Though the mean difference between IF and IR
readings was insignificant, a wide range existed among;
systolic, diastolic, and mean BP. Invasive measurements
give different values depending upon the site of
measurement [7,14] and state of shock where  peripheral
radial pressure value may not accurate [14].

Clinically significant discrepancies in systolic blood
pressure values can be present between invasive and
oscillometric non-invasive methods during hypotension
[2]. Outside the normotensive range, the automated
readings were higher during hypotension and lower
during hypertension compared to the arterial BP [15].
However, such specific trends were not seen in this study.
IBP reading is affected by underdamping/resonance
phenomena in a significant number of events where NIBP
measurement along with IBP is beneficial [5]. A clinician
should remain cautious and check for the accuracy of
both the instruments if in doubt; before undertaking any
treatment [7]. Thus, the use of NIBP along with IBP
results in lower use of vasopressors, transfusions, and
antihypertensive when compared with IBP alone [16].

There are certain limitations to the study. This study
enrolled participants from neonatal age to 18 years,
representing diverse body mass and stature. The
agreement between NIBP and IBP in age and height
related subgroups was not assessed due to the small
sample size. Almost all the patients were on inotropic
support during the initial post-operative period, which
might have affected the actual representation of BP
readings. We could not separate the readings in the
presence and absence of shock (compensated or non-
compensated).

To conclude, the agreement between NIBP and
Invasive BP readings was not optimal, while inter-rater
agreement was fair for different categories of blood
pressure. Considering IBP monitoring as the gold
standard in the pediatric post-cardiac surgical setting, it
cannot be replaced with NIBP, but rather should
supplement with NIBP when in doubt.

Ethics clearance: Institutional ethics committee; No IEC/
HMPCMCE/114/Faculty/11/ dated October 1, 2019. Conside-
ring the nature of the study, a waiver of informed consent was
approved.
Contributors: JT:  conceptualized and designed the study, guided

agreement between IF and IR line had a mean difference
(95% CI) 0.3 (-21.5, 22.2) mm Hg for systolic, -0.6 (-
15.8, 14.7) mmHg for diastolic and 0.7 (-13.7, 15.1) mm
Hg for mean blood pressure.

The inter-rater agreement [Kappa with quadratic
weights (95% CI)] for readings classified as hypotensive,
normotensive, or hypertensive was fair between NIBP
and IF [0.54 (0.48, 0.61)] and between IF and IR [0.62
(0.48, 0.76)] but slightly lower between NIBP and IR
[0.37(0.20, 0.55)].  IF and IR classified 109/133 (81.2%)
records correctly (6 hypotensive, 89 normotensive, 14
hypertensive). The correct classification between NIBP
and IF and IR is shown in Table II.

DISCUSSION

The mean difference between NIBP and IBP among
systolic, diastolic, and mean BP readings were marginal
in the present study but wide 95% confidence limits made
both these methods non-comparable and irreplaceable.

NIBP gave lower readings for systolic and higher for
diastolic in comparison with both IF or IR as expected
norms [1] but with a minimal difference, unlike wide
mean difference reported earlier [8].  Higher systolic
readings with NIBP were seen in few studies [3,12]. As
per our unit policy of placing the femoral line for better
stability, NIBP was compared against both invasive
femoral (IF) and invasive radial (IR) unlike studies which
compared radial lines only [5,7,8]. Both brachial NIBP
and femoral IBP in this study represent central BP, unlike,
radial readings which represents peripheral BP [8].
Physiologically, a slightly elevated lower limb BP
reading than the upper limb is expected. The present
study did not find significant difference between upper
limb (NIBP or IR) and lower limb (IF) blood pressure, as
also seen in a similar study [3].

IBP should be preferentially used when patient is
hemodynamically stable or deviations can be detrimental
in setting like pediatric cardiac intensive care [13].
Invasive and non-invasive (oscillatory) methods have
entirely different principles. IBP monitoring has a column
of fluid connecting an arterial catheter to a pressure

Table II Agreement in Classification of Blood Pressure by
NIBP and IBP

Invasive femoral Invasive radial

Hypotensive 14/37 6/7
Normotensive 558/649 90/109
Hypertensive 103/147 5/20
Numerator denotes values agreed by NIBP and IBP and denominator
denotes values by NIBP alone; IBP: invasive arterial blood pressure;
NIBP: non-invasive blood pressure.
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WHAT THIS STUDY ADDS?

• Non-invasive blood pressure measurement should supplement intra-arterial blood pressure measurement in
pediatric cardiac critical care settings.
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The development and implementation of
coronavirus disease 2019 (COVID-19) vacci-
nation program has been one of the recent and
most prominent demonstrations of the power of

modern science. As of 14 May, 2021, in India, a total
of 13986142 (1 dose) and 39784951 (2 doses) have been
administered [1,2]. Ever since the initiation of the
COVID -19 vaccination program in India, pregnant and
breastfeeding women had been excluded from the
vaccination program [3]. Recently, the Government of
India (GoI) has published a circular, recommending
administration of COVID-19 vaccines in breastfeeding
women [4]. Failure to include pregnant and lactating
women in the phase 3 studies of the mRNA vaccines,
Astra-Zeneca vaccine and Covaxin (Bharat Biotech Ltd)
and consequent lack of safety data, were the cited reasons
for excluding this group. If this cohort of pregnant and
breastfeeding mothers continued to be excluded, a
significant population of the country, including frontline

workers, would have been left unprotected. Hence, the
recent recommendation from the GoI is a welcome step.

OBJECTIVE
The objective of this recommendation is production of an
evidence-based document to guide the pediatricians to
give advice to breastfeeding mothers regarding the safety
of COVID-19 vaccines in lactating women.

PROCESS
Formulation of key question was done under the
chairmanship of President of the Indian Academy of
Pediatrics (IAP).  It was followed by review of literature
regarding efficacy and safety of COVID-19 vaccines in
breastfeeding women. The recommendations of other
international and national professional bodies were also
deliberated in detail. The available data was discussed in
the Advisory Committee on Vaccines and Immunization
Practices (ACVIP) focused WhatsApp group. Opinion of
all members was taken and the final document was

Justification: In India, till recently, breastfeeding women have been excluded from the coronavirus disease (COVID-19) vaccination
program, rendering a significant population of the country, including frontline workers, ineligible to derive the benefits of the COVID-19
vaccine rollout. Objective: The objective of this recommendation is production of an evidence-based document to guide the pediatricians
to give advice to breastfeeding mothers regarding the safety of COVID-19 vaccines in lactating women. Process: Formulation of key
question was done under the chairmanship of president of the IAP.  It was followed by review of literature regarding efficacy and safety of
COVID-19 vaccines in breastfeeding women. The recommendations of other international and national professional bodies were also
deliberated in detail. The available data was discussed in the ACVIP focused WhatsApp group. Opinion of all members was taken and the
final document was prepared after achieving consensus. Recommendations: The IAP/ACVIP recommends the administration of
COVID-19 vaccines to all breastfeeding women. The IAP/ACVIP endorses the recent recommendation of the Government of India, to
consider all breastfeeding women as eligible for COVID-19 vaccination.
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prepared after the consensus and was approved by all
members of the ACVIP (authors of the guidelines).

BREASTFEEDING AND COVID-19 VACCINES

The theoretical risk of COVID-19 vaccination in
breastfeeding mothers and the potential harm to the infant
is unknown. However, it is to be noted that none of the
vaccines available for the COVID-19 contains live virus.
There is no plausible biological mechanism to explain
how an inactivated vaccine, given to the mother, would
cause harm to a breastfed baby [5].

The COVID-19 vaccines presently available in India,
i.e., Covishield and Covaxin are classified as inactivated
(non-live) vaccines. Theoretically, administration of
these vaccines to breastfeeding women should not render
any harm to the breastfed infant. While the safety of
adenovirus vectors in pregnancy and lactation is not
established, wild adenoviral infections are present
worldwide and have not been associated with teratogenic
effects in the fetus or newborns [6]. With the exception of
small pox and yellow fever vaccines no other vaccine is
contraindicated during breast feeding [7].

Breast milk is a rich source of antibodies for the
infant. Milk produced by infected mothers is a source of
anti-SARS-CoV-2 IgA and IgG and neutralizes SARS-
CoV-2 activity [8].

Studies have shown that maternal vaccination with the
mRNA vaccine results in high titers of RBD-IgG binding
antibodies and neutralizing antibodies as measured by the
pseudovirus neutralizing tests (NT50), in maternal serum.
High titers of RBD–IgG binding antibodies, neutralizing

antibodies as measured by the NT50 and robust T-cell
responses, as measured by ELISPOT and intra-cellular
cytokine staining, have been demonstrated in the breast
milk of mothers vaccinated with the mRNA vaccines [9]. In
another study, involving six lactating women who received
two doses of SARS-CoV-2 vaccine, significantly elevated
levels of SARS-CoV-2 specific IgG and IgA antibodies in
breast milk was observed, beginning at Day 7 after the
initial vaccine dose, with an IgG-dominant response [10].
These SARS-CoV-2 specific immunoglobulins and
products of the T-cell responses in breast milk may be
protective for infants.

There is a paucity of data on immunological
parameters in breastmilk following the administration of
the AstraZeneca COVID-19 vaccine in lactating women.
Thus, merely the absence of data should not exclude
lactating women from getting the benefits of COVID-19
vaccination.

RECOMMENDATIONS FROM OTHER
PROFESSIONAL BODIES

Many international and national recommending bodies
have now recommended administration of COVID-19
vaccines in breastfeeding women (Table I).

While some have recommended the COVID-19
vaccines in breastfeeding women who are in the priority
groups, after fully informing them about the benefits and
risks of vaccination, some authorities have recommended
the vaccine for all breastfeeding women. All have
emphasized that breast feeding should be continued after
vaccination.

Table I Recommendations for Coronavirus Disease 2019 (COVID-19) Vaccine for Lactating Women by Various National and
International Bodies

Agency Recommendation

World Health Organization [11] Developmental and health benefits of breastfeeding should be considered along with the
mother’s clinical need for immunization against COVID-19. WHO does not recommend
discontinuing breastfeeding after vaccination.

American College of Obstetricians and COVID-19 vaccines should be offered to lactating individuals similar to non-lactating
Gynecologists [12] individuals.
International Federation of Gynecology Supports offering COVID-19 vaccination to pregnant and breastfeeding women.
and Obstetrics [13]
Federation of Obstetric and Gynae- COVID-19 vaccine should extend to pregnant and lactating women. The very real
cological Societies of India [14] benefits of vaccinating pregnant and lactating women seem to far outweigh any theoretical

and remote risks of vaccination.
Australian and New Zealand health Recommend COVID-19 vaccines in breast feeding women. They have emphasized that
authorities [15,16] there are no concerns about their safety in breastfeeding women or their babies.
Italian Scientific Society [17] Decision whether or not to administer the COVID-19 vaccine to the breastfeeding woman

should be made after mutual agreement between her and the health professionals,
considering specific health, social, familiar and work conditions.
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IAP-ACVIP RECOMMENDATIONS

1. Breastfeeding is very beneficial in the first years of life
for nutrition and the protection provided by it against
infectious agents. This is of crucial importance in
developing countries like India.

2. The benefits of COVID-19 vaccination should not be
denied to breastfeeding women as the real benefits are
much more than the “theoretical risks.”

3. The IAP/ACVIP strongly recommends the adminis-
tration of COVID-19 vaccines to all breastfeeding
women.

4. The IAP/ACVIP endorses the recent decision of the
GOI, to consider breastfeeding women eligible for
COVID-19 vaccination.
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SKD; and edited by PG and SBS. All authors approved the final
recommendations of the guidelines.
Funding: None; Competing interests: None stated.

REFERENCES
1. WHO Coronavirus (COVID-19) Dashboard. Accessed May 15,

2021. Available from: https://COVID19.who.int
2. India: WHO Coronavirus Disease (COVID-19) Dashboard With

Vaccination Data. Accessed May 15, 2021. Available from: https://
COVID19.who.int

3. COVID-19 vaccines operational guidelines. Ministry of health and
family welfare. Accessed May 15, 2021. Available from: https://
www.mohfw.gov.in/pdf/ COVID19VaccineOG111Chapter16.pdf

4. New Recommendations of NEGVAC accepted by Union Ministry

of Health. Accessed May 21, 2021. Available from: https://
pib.gov.in/Press ReleasePage.aspx?PRID=1719925

5. Drugs and Lactation Database (LactMed). Bethesda (MD): Na-
tional Library of Medicine (US); 2006-. COVID-19 vaccines. [Up-
dated 2021 Apr 19]. Accessed May 15, 2021. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK565969/

6. EMA, European Medicines Agency. Committee for Medicinal
Products for Human Use (CHMP). Assessment Report – COVID-
19 Vaccine AstraZeneca. EMA/94907/2021, 2021. Assessed Janu-
ary 29 2021 Available from: https://www.ema.europa.eu/en/docu-
ments/assessment-report/COVID-19-vaccine-astrazeneca-epar-
public-assessment-report _en.pdf

7. Sachs HC, Committee On Drugs. The transfer of drugs and thera-
peutics into human breast milk: an update on selected topics. Pediat-
rics. 2013;132:e796-809.

8. Pace RM, Williams JE, Järvinen KM, et al. COVID-19 and human
milk: SARS-CoV-2, antibodies, and neutralizing capacity.
medRxiv [Preprint]. 2020 Sep 18.

9. Collier A-RY, McMahan K, Yu J, et al. Immunogenicity of
COVID-19 mRNA Vaccines in Pregnant and Lactating Women.
JAMA. 2021 May 13;

10. Baird JK, Jensen SM, Urba WJ, et al. SARS-CoV-2 antibodies de-
tected in human breast milk post-vaccination. medRxiv. 2021 Mar
10;

11. Coronavirus disease (COVID-19): Vaccines safety. Accessed May
15, 2021. Available from: https://www.who.int/news-room/q-a-de-
tail/coronavirus-disease-(COVID-19)-vaccines-safety

12. Vaccinating Pregnant and Lactating Patients Against COVID-19.
Accessed May 15, 2021. Available from: https://www.acog.org/en/
clinical/clinical-guidance/practice-advisory/articles/2020/12/
vaccinating-pregnant-and-lactating-patients-against-COVID-19

13. COVID-19 Vaccination for pregnant and breastfeeding women.
Accessed May 15, 2021. Available from: https://www.figo.org/
COVID-19-vaccination-pregnant-and-breastfeeding-women

14. FOGSI position statement COVID vaccination for pregnant and
breastfeeding women. The Federation of Obstetric and Gynecologi-
cal Societies of India. Accessed May 15, 2021. Available from:
https://www.fogsi.org/COVID-vaccination-for-pregnant-bf-
women/

15. COVID-19 vaccination – Shared decision making guide for women
who are pregnant, breastfeeding or planning pregnancy. Australian
Government Department of Health. Accessed May 15, 2021. Avail-
able from: https://www.health.gov.au/resources/publications/
COVID-19-vaccination-shared-decision-making-guide-for-
women-who-are-pregnant-breastfeeding-or-planning-pregnancy

16. COVID-19 vaccines in pregnancy and breastfeeding. The immuni-
zation advisory centre. Accessed May 15, 2021. Available from:
https://COVID.immune.org.nz/faq/COVID-19-vaccines-preg-
nancy-and-breastfeeding

17. Davanzo R, Agosti M, Cetin I, et al. Breastfeeding and COVID-19
vaccination: Position statement of the Italian scientific societies. Ital
J Pediatr. 2021;47:45.



INDIAN  PEDIATRICS 650 VOLUME 58__JULY 15, 2021

Consensus Guidelines on Management of Steroid-Resistant Nephrotic
Syndrome
ANIL VASUDEVAN,1 RANJEET THERGAONKAR,2 MUKTA MANTAN,3 JYOTI SHARMA,4 PRIYANKA KHANDELWAL,5 PANKAJ
HARI,5 ADITI SINHA,5 ARVIND BAGGA,5 EXPERT GROUP OF INDIAN SOCIETY OF PEDIATRIC NEPHROLOGY*
From 1Department of Pediatric Nephrology, St. John’s Medical College Hospital, Bengaluru; 2INHS Asvini, Mumbai; 3Maulana
Azad Medical College, New Delhi; 4Pediatric Nephrology Service, King Edward Memorial Hospital, Pune; 5Division of
Nephrology, Department of Pediatrics, All India Institute of Medical Sciences, New Delhi, India.
*List of expert group members provided in Annexure I.
Correspondence to: Dr Arvind Bagga, Division of Nephrology, Department of Pediatrics, All India Institute of Medical Sciences,
New Delhi 110 029, India. arvindbagga@hotmail.com

RRRRR EEEEE CCCCC OOOOOMMMMMMMMMM EEEEE NNNNN DDDDD AAAAA TTTTT IIIII OOOOO NNNNN SSSSS

The prevalence of idiopathic nephrotic
syndrome, characterized by proteinuria,
hypoalbuminemia and edema, varies from 12-
16 per 100000 children [1]. Majority of

patients achieve remission of proteinuria following 4-6
weeks therapy with prednisolone. However, 10-15%
patients do not achieve complete remission, and are
termed steroid-resistant nephrotic synd-rome (SRNS)
[2]. Renal histology shows focal segmental glomerulo-
sclerosis (FSGS), minimal change disease and mesangio-
proliferative glomerulonephritis. Other patterns, includ-
ing C3 glomerulopathy, membranous nephropathy and
IgA nephropathy, and secondary causes of nephrotic
syndrome are uncommon. The management of patients
with SRNS is challenging. The illness is associated with
unsatisfactory patient-reported quality of life, morbidity
due to infectious and non-infectious illnesses, and side
effects of therapy [2,3]. Patients with persistent protein-
uria are at risk for progressive kidney failure [4].

Guidelines from the Indian Society of Pediatric
Nephrology (ISPN) were first published in 2009 [5]. In
view of recent evidence, the ISPN has proposed revision
of these recommendations. The revised guidelines refer

to patients with SRNS due to minimal change disease,
mesangioproliferative glomerulonephritis and FSGS.
These guidelines also address management of patients
with post-transplant recurrence of FSGS and congenital
nephrotic syndrome. Clinical practice recommendations,
from the International Pediatric Nephrology Association
(IPNA), on the illness were published recently [6].

PROCESS

Three work-groups were constituted to evaluate evidence
on: (i) diagnosis and evaluation, (ii) treatment and follow
up, and (iii) supportive care of patients with SRNS. The
groups developed key questions, and reviewed and
analyzed published studies. Quality of evidence was
assessed and rated from A-D following the GRADE model
[7], and is provided with each guideline. Each statement
was assigned one of the two levels of guidance, recommen-
dation or suggestion, indicating strength of the advice
(Web Table I). Ungraded statements (X) are like practice
points, not supported by sufficient evidence.The work-
groups discussed the evidence, through alternating break-
out and plenary sessions, in New Delhi on 5 April 2019.
Draft guidelines were discussed with members of the ISPN
in Pune on 21 December 2019.

Justification: The management of steroid resistant nephrotic syndrome (SRNS) is challenging. These guidelines update existing 2009
Indian Society of Pediatric Nephrology recommendations on its management. Objective: To frame revised guidelines on diagnosis and
evaluation, treatment and follow up, and supportive care of patients with the illness. Process: The guidelines combine evidence-based
recommendations and expert opinion. Formulation of key questions was followed by systematic review of literature, evaluation of
evidence by experts and two face-to-face meetings. Recommendations: Fourteen statements provide updated advice for managing
steroid resistance, and underscore the importance of estimating proteinuria and baseline kidney function, and the need for kidney biopsy
and genetic screening. Calcineurin inhibitors are recommended as most effective in inducing remission of proteinuria, the chief factor
associated with long-term renal survival. Advice on managing allograft recurrence, congenital nephrotic syndrome, and monitoring and
supportive care, including transition of care, are described. This revised practice guideline is intended to improve management and
patient outcomes, and provide direction for future research. 
Keywords: Calcineurin inhibitors, Congenital nephrotic syndrome, Focal segmental glomerulosclerosis, Minimal change disease.

Published online: January 4, 2021; PII:S097475591600278
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GUIDELINES

Table I compares the current and previous guidelines [5]
and recent recommendations from the IPNA [6]. Given
the challenges in management, we advise that a pediatric
nephrologist be responsible for the diagnosis and
management of children with SRNS.

Guideline 1: Diagnosis of Steroid-Resistant
Nephrotic Syndrome (SRNS)

1.1 We recommend that steroid-resistance be defined in
patients not showing complete remission of
proteinuria, despite 6-weeks daily treatment with
prednisolone. (1B)

1.2 We suggest similar definitions for initial and late
(secondary) steroid-resistance (Box I). (X)

Rationale

Approximately 85-90% patients with idiopathic nephrotic
syndrome respond to treatment with prednisolone, with
complete remission of proteinuria and normalization of
serum albumin [1]. There is lack of consensus regarding the
minimum duration of daily prednisolone treatment before
defining steroid-resistance. The International Study of
Kidney Disease in Children (ISKDC) reported that, of
patients who achieved remission, 94% did so within 4-
weeks daily treatment and the rest during 4-weeks’
alternate-day therapy [8]. Others found that 4-weeks and 6-
8 weeks initial therapy results in remission in 90-92% and
87-93% patients, respectively [9-12]. While few experts
suggest additional therapy with 3-doses of IV methyl
pre-dnisolone before labeling steroid-resistance, this is
not uniformly practiced [6,13,14].

Table I Guidelines on Steroid-Resistant Nephrotic Syndrome (SRNS): Current Indian Society of Pediatric Nephrology (ISPN),
ISPN 2009 and International Pediatric Nephrology Association (IPNA) 2020

Current ISPN ISPN 2009 [5] IPNA 2020 [6]

Definition: Duration of 6 weeks daily 4 weeks daily 4 weeks daily; if partial
prednisone therapy remission, 2 weeks additional

 therapy (confirmation period)
Kidney biopsy All; except if monogenic SRNS All patients All; except if monogenic SRNS

identified identified
Genetic testing Specific subsets of initial SRNS, Specific forms of initial All patients with initial SRNS;

congenital NS; not in late SRNS SRNS not in late SRNS
Immunosuppression in Not advised; may continue after Not discussed Not advised; may continue after
monogenic SRNS counseling if partial remission counseling
Estimated GFR, At diagnosis; q 3-6 months At diagnosis At diagnosis; q 3 months
mL/min/1.73 m2 Avoid immunosuppression if Prefer MMF if eGFR

eGFR<60 <30 mL/min/1.73 m2

First line: Calcineurin Duration of therapy at least 2-year Duration: 2-3 year Duration: 1-2 year
inhibitors (CNI)
Cyclophosphamide IV cyclophosphamide may be used; IV therapy has low IV or oral cyclophosphamide

oral not advised efficacy; oral not used
Indications for (i) Prolonged CNI use and disease No recommendation (i) eGFR<30 mL/min/1.73 m2;
mycophenolate mofetil  relapses; (ii) CNI-resistant SRNS (ii) CNI therapy for 1-yr;

(iii) steroid sensitive relapses
Use of rituximab (i) Prolonged CNI use and disease No recommendation (i) CNI-resistant SRNS;

relapses; (ii) CNI-resistant SRNS; (ii) allograft recurrence
(iii) allograft recurrence

Prednisone alternate day Taper over 6-9 months Taper over 1-1.5 yr Taper and stop by 6 months
Statins; in addition to LDL cholesterol >160 mg/dL; Total cholesterol >200 LDL cholesterol >160 mg/dL;
dietary advice  >130 mg/dL if cardiovascular risk mg/dL or LDL >130 >130  mg/dL if cardiovascular

factors mg/dL risk factors
CNI-resistant disease Rule out monogenic cause; consider Not discussed Switch to MMF or rituximab;

rituximab or addition of MMF enroll  in clinical trials
Renal transplantation Evaluation of recipient, donor; Not discussed Evaluation of recipient, donor;

managing recurrent FSGS managing recurrent FSGS
eGFR-estimated glomerular filtration rate; FSGS-focal segmental glomerulosclerosis; LDL-low density lipoprotein; MMF-mycophenolate mofetil;
NS-nephrotic syndrome.
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The previous version of this guideline defined SRNS
as lack of complete remission despite 4-weeks therapy
with prednisolone at a daily dose of 60 mg/m2 [5]. The
ISKDC and Kidney Disease: Improving Global
Outcomes (KDIGO) proposed that steroid-resistance be
defined following 8-weeks therapy [8,15]. Recent IPNA
and KDIGO guidelines propose confirming steroid-
resistance following 4-6-weeks’ therapy with
predniso(lo)ne, with or without additional therapy with
three-doses of IV methylprednisolone [6,16].

In order to balance the benefits of extending therapy
with steroid adverse effects, we recommend defining
SRNS in patients who fail to show complete remission of
proteinuria despite 6-weeks therapy with prednisolone at
daily dose of 60 mg/m². Patients with steroid adverse
effects may receive daily prednisolone for 4-weeks,
followed by alternate-day therapy for the next 2-weeks. We
do not advise therapy with IV methylprednisolone before
making the diagnosis of SRNS.

We suggest similar definitions for initial (primary) and
late (secondary) steroid-resistance (Box I). Initial
resistance is lack of remission at the first episode of
nephrotic syndrome. Patients who are steroid-sensitive
initially but show steroid-resistance during subsequent
relapse have late resistance. Systemic infections may be
associated with persistent proteinuria and should be treated
appropriately.

Guideline 2: Evaluation of Patients

We recommend the following in all patients with SRNS:
Quantitation of proteinuria; serum creatinine; estimated
glomerular filtration rate (eGFR); and kidney biopsy (Box
II). (1A)

Rationale

Nephrotic syndrome is characterized by nephrotic range
proteinuria: ≥ 3+ by dipstick, proteinuria ≥ 40 mg/m2/hr
(> 1000 mg/m2/day), urine protein to creatinine ratio (Up/
Uc) ≥ 2 mg/mg; hypoalbuminemia (<3 g/dL); and edema
[6]. All patients should be evaluated appropriately (Box II).
Estimation of proteinuria, by Up/Uc in morning specimen
or 24-hr protein excretion, at diagnosis and 6-monthly
follow-up, helps determine response to therapy. Since 24-
hr collection of urine is difficult to implement, Up/Uc is
preferred. Parents are counseled regarding the importance
of urinary dipstick analysis for home monitoring of
proteinuria.

Response of proteinuria to therapy is an important
determinant of renal survival [4,17,18]. Data from the
PodoNet Registry on 1354 patients with SRNS shows that
10-year renal survival was highest (94%) in complete
remission, 72% with partial remission and 43% with non-
response [19]. Assessment of creatinine and eGFR at
baseline and follow-up identifies acute kidney injury (AKI)
secondary to hypovolemia, fluid loss, infections and drug
toxicity, and CKD [20,21].

History and examination might help identify genetic
and secondary forms of SRNS. History of deafness,
developmental delay, seizures, family history of similar
disorder and consanguinity, and syndromic features or
extrarenal anomaly (e.g., genitourinary abnormality,

Box I Definitions Related to Nephrotic Syndrome

Nephrotic syndrome
Nephrotic range proteinuria (40 mg/m

2
/h or > 1000 mg/m

2
/day;

spot Up/Uc ≥ 2 mg/mg; 3-4+ by dipstick); hypoalbuminemia
(albumin < 3.0 g/dL); and edema
Steroid sensitive nephrotic syndrome
Complete remission within 6-weeks’ treatment with
prednisolone at a dose of 60 mg/m

2
/day (2 mg/kg/day; maximum

60 mg/day)
Initial steroid-resistance
Failure to achieve complete remission after 6-weeks initial
therapy with prednisolone (as defined above)
Late (secondary) steroid-resistance
Initially steroid-sensitive; steroid resistance in a subsequent
relapse
Complete remission
Urine protein nil-trace by dipstick for 3 consecutive days, Up/Uc
< 0.2, or 24-h protein < 100 mg/m

2
/day

Partial remission
Urine protein 1+/2+ (dipstick), Up/Uc between 0.2-2, or 24-h
urine protein 100-1000 mg/m

2
/day; serum albumin ≥ 3.0 g/dL;

and absence of edema
Non-response

Urine protein 3+/4+ (dipstick), Up/Uc  ≥ 2, or 24-h urine protein
> 1000 mg/m

2
/day; albumin < 3.0 g/dL or edema

Relapse

Urine albumin 3+/4+ for 3 consecutive days, Up/Uc ≥ 2, or 24-h
protein > 1000 mg/m

2
/day, in a patient previously in partial or

complete remission
Monogenic disease
Pathogenic or likely pathogenic variation, defined by American
College of Medical Genetics and Genomics, in a gene associated
with steroid-resistant nephrotic syndrome (Web Table II)
CNI-resistant disease
Non-response to cyclosporine or tacrolimus, given in adequate
doses and titrated to optimal blood trough levels, for 6-months
Allograft recurrence of nephrotic syndrome
Persistent proteinuria (Up/Uc > 1) if previously anuric; or
increase of Up/Uc  by >1 if proteinuria at time of transplant (in
absence of other apparent causes)

CNI-calcineurin inhibitor; Up/Uc-urine protein to creatinine
ratio (mg/mg).
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microcoria, dystrophic nails and microcephaly) suggest a
genetic etiology. History of joint pain, weight loss,
alopecia, jaundice, rash or palpable purpura indicates a
secondary cause.

All patients with SRNS should undergo a kidney
biopsy before instituting specific treatment. Biopsies are
examined by light, immunofluorescence and electron
microscopy. An adequate biopsy should include the
corticomedullary junction and have ~20 glomeruli to
identify focal pathology like FSGS [22]. A biopsy is
useful for: (i) identifying pathology, extent of interstitial
fibrosis and glomerulosclerosis for diagnosis and prog-
nosis; and (ii) excluding differential diagnosis and
secondary causes of nephrotic syndrome. Repeat biopsy
is required to assess calcineurin inhibitor (CNI) toxicity,
progression of disease or change in pathology.

Chief histological diagnoses in children with SRNS
include FSGS (40-50%), minimal change disease (25-
40%) and mesangioproliferative glomerulonephritis (5-
8%) [23]. Histology suggestive of FSGS is considered a
risk factor for progression to CKD [15-17,24]. Around 10-
15% patients show membranous nephropathy, IgA
nephropathy or proliferative glomerulonephritis, which
requires additional evaluation. A kidney biopsy is not
necessary in patients with well described monogenic form
of SRNS, known to be unresponsive to immuno-

suppression, e.g., congenital nephrotic syndrome, familial
disease, or if a known genetic cause is already identified.

Screening for viral infections: Patients should be
evaluated for hepatitis B and C, and HIV infections.
Collapsing FSGS may be associated with HIV or
parvovirus infection [25]. Those with positive serology
are evaluated for viral load and extent of disease. Active
infection may require the use of antiviral therapy.

Guideline 3: Indications for Genetic Studies

We recommend genetic studies in the following patients:
congenital nephrotic syndrome; initial resistance during
infancy; nephrotic syndrome with extrarenal features;
familial steroid-resistance; non-response to therapy with
CNI; and prior to transplantation. (1B)

Rationale

Approximately 20-30% patients with SRNS have
pathogenic variations in genes encoding proteins of
podocyte structure and function (Web Table II) [2].
Mutations in NPHS1, NPHS2, WT1, COQ2, PLCE1 and
LAMB2 account for 50-60% of monogenic disease in
children [26-28]. Genetic testing is useful as follows:

• Identification of causal variant enables diagnosis of
monogenic disorders, and occasional phenocopies
(e.g., Alport syndrome, Dent disease, cystinosis).
Specific diagnosis allows counseling regarding
progression of kidney disease and monitoring for
extrarenal complications, e.g., patients with WT1,
LMX1B,WDR73 and SMARCAL1 mutations [29].

• Patients with monogenic etiology have 4-fold risk of
non-response to therapy with CNI (odds ratio, OR
4.00; 95% CI 2.52-6.51) and 3-fold risk of kidney
failure (OR 2.87; 95% CI 2.22-3.72) (Web Table III)
[18,26,28,30].

• Certain mutations respond to targeted therapy, e.g.,
coenzyme Q10 for defects in CoQ pathway, and
eplerenone for ARHGDIA mutations [31,32].

• Compared to patients with no identifiable genetic
cause, those with monogenic etiology have
significantly lower risk for allograft recurrence
[18,27,33].

• Diagnosis of a monogenic etiology assists in
counseling for future pregnancies and antenatal
diagnosis, and facilitates screening of live related renal
transplant donors [34-36].

While IPNA guidelines suggest comprehensive
genetic evaluation in all children with initial steroid-
resistance [6], we suggest a focused approach. The
likelihood of detecting a genetic cause is inversely related

Box II Initial Evaluation of Patients with Steroid-Resistant
Nephrotic Syndrome

Urinalysis, including microscopy
Spot urine protein to creatinine ratio; 24-h urine protein
excretion
Complete blood counts
Blood creatinine, albumin, electrolytes, fasting glucose,
glycosylated hemoglobin (HbA1c)
Total, low density and high-density cholesterol; triglycerides
Calcium, phosphate, alkaline phosphatase
Hepatitis B surface antigen; hepatitis C and human immuno-
deficiency virus antibodies
Ultrasonography of kidneys
Kidney biopsy (light, immunofluorescence, electron micro-
scopy); avoided in selected patients*
Investigations in selected children
Complement C3, C4; antinuclear antibody
Genetic tests: Initial steroid-resistance with: (i) onset during
infancy; (ii) family history of steroid-resistance, (iii) extrarenal
features, (iv) non-response to calcineurin inhibitors, (v) prior to
transplantation
Biopsy may be avoided in patients with familial steroid-
resistance or with extrarenal features, where genetic diagnosis
is preferred; a biopsy is also not required in patients with
congenital nephrotic syndrome (Web Box II).
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to age at onset of the illness. A monogenic etiology was
seen in 69%, 50%, 25%, 18% and 11% with disease
presenting during the first 3 months, 4-12 months, 1-6
years, 7-12 year and 13-18 years, respectively [26].
Syndromic forms of the illness may be associated with
specific mutations and characteristic phenotype (Web
Table II). Family history of similar illness or
consanguinity suggests a genetic cause in ~50-70% cases
[26,27]. Although patients with an underlying genetic
etiology are less likely to respond to therapy with CNI, few
patients may occasionally show partial remission [37].

Siblings of patients with a monogenic cause may be
screened for proteinuria by dipstick. There is no role for
genetic screening in healthy children with family history
of the disease. Since pathogenic mutations are not
identified in patients with late steroid-resistance, genetic
testing in these children is also not indicated [18,27].

The precise prevalence of monogenic variations in
Indian patients with SRNS is unclear as studies are
limited to small cohorts [38,39]. A nationwide study is in
progress to determine the genetic basis of SRNS, and
indications for testing may be revised in future.

Method of Genetic Testing

Causal variants in ~90 genes are associated with
monogenic SRNS (Web Table II). Most genes do not
show a clear phenotype-genotype correlation. Next-
generation sequencing (NGS) panels, incorporating
multiple genes relevant to the phenotype, are feasible and
less expensive, and provide higher diagnostic yield than
Sanger sequen-cing. These panels include genes
associated with other renal diseases that may have
phenotype similar to SRNS. Clinical exome sequencing
(Mendeliome gene panel), which includes all exons of
genes listed in Online Mendelian Inheritance of Man
(OMIM) database, facili-tates targeted gene analysis. In
case a causative variant is not identified in the gene-panel,
search for variants may be extended to remaining genes in
the clinical exome. Whole exome sequencing might be
considered for novel disease-causing genes. Sanger
sequencing is preferred if a disease-causing mutation is
highly likely in a specific gene, in context of extrarenal
features or positive family history with known genetic
cause. Sanger sequencing is essential to confirm variants
detected on NGS, to screen parents to confirm segregation
and for antenatal counseling.

Parents should be advised regarding risks and
benefits of NGS, including limitation of insurance cover.
Referral to genetic counselors might be necessary.
Testing must be performed by certified and experienced
laboratories, and pathogenicity of variants determined

based on criteria proposed by the American College of
Medical Genetics and Genomics [40].

Guideline 4: Therapy of Patients with SRNS

4.1 We recommend calcineurin inhibitors (CNI) as first-
line therapy for patients with initial or late steroid-
resistance. (1A)

4.2 We suggest continuing therapy with CNI for at least
24-months if partial or complete remission is achieved.
(2C)

4.3 We suggest that CNI therapy should be withheld or
discontinued for patients with AKI stage 2-3 or
estimated glomerular function rate (eGFR)
persistently below 60 ml/min/1.73m2. (2C)

Rationale

Therapy aims to induce complete or partial remission,
while avoiding medication-related toxicity. Long-term
renal outcome in patients who achieve remission is
significantly better when compared to non-responders
[17-19,41]. Randomized controlled trials (RCT) and case
series show that therapy with CNI (cyclosporine,
tacrolimus) results in complete remission in 30-40% and
complete or partial remission in 60-80% patients
[2,3,18,41,42]. A Cochrane meta-analysis that compared
cyclosporine to no treatment showed increased likelihood
of complete or partial remission with the former (2 RCT;
relative risk RR 3.50; 95% CI 1.04-9.57) at 6-months
[43]. Similarly, therapy with CNI, compared to IV
cyclophosphamide, was associated with higher rates of
complete or partial remission (3 RCT; RR 1.98; 95% CI
1.25-3.13) [43]. While most reports do not show different
outcomes between initial and late steroid-resistance [44-
46], better outcomes in the latter have been reported [18].
The efficacy of tacrolimus and cyclosporin is comparable
(2 RCT; RR 1.05; 95% CI 0.87-1.25), with no difference
in nephrotoxicity or hypertension [43,47].

Similar to the IPNA and KDIGO guidelines, we
recommend first-line use of CNI for patients with SRNS
[6,16]. Tacrolimus is preferred to cyclosporine except in
children who are unable to swallow tablets (cyclosporine
is available as suspension), and patients with seizures or
at risk for diabetes. Doses of tacrolimus and cyclosporine
are titrated to achieve recommended trough levels,
keeping in mind interaction with other medications
(Table II and Web Table IV). Low levels are associated
with non-response and relapse, while high levels increase
the risk for nephrotoxicity [48]. Lower levels may be
targeted once sustained remission is achieved for 6-9
months [49,50]. Fig. 1 provides an outline of the
approach to management of SRNS.
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Table II Dosing and Monitoring of Immunosuppressive Therapy

Medication Dose Adverse effects Monitoring

First line therapy
Tacrolimus 0.1-0.2 mg/kg/day in 2-divided Both: Acute kidney injury, nephro- Screen for cosmetic side

doses; maximum initial dose toxicity, hyperkalemia, hepatotoxic effects, tremors, diarrhea,
4 mg/day; trough level 4-8 ng/mLa Tacrolimus: tremors, seizures, hypertension

headache; diarrhea; glucose intolerance; Creatinine,  potassium at 2-4
hypomagnesemia wk, then q 3-6 months

Cyclosporine 3-5 mg/kg/day in 2-divided doses; Cyclosporine: Gingival hyperplasia, Liver function tests, glucose,
maximum initial dose 200 mg/day; hypertrichosis; hypertension; uric acid,  magnesium, lipids
trough level 80-120 ng/mLa dyslipidemia q 3-6 months

Prednisolone 1.5 mg/kg for 4-wks; 1 mg/kg for Weight gain, Cushingoid features, Blood pressure, screen for
on alternate days 4-wks; taper to 0.3-0.5 mg/kg for glucose intolerance, hypertension, cosmetic effects; eye

~6-9 months raised intraocular pressure, cataract, evaluation q 12 months
myopathy, osteoporosis Blood glucose q 6-12 months

Other agentsb

Cyclophosphamide 500-750 mg/m2 IV; every month Leukopenia, hemorrhagic cystitis, Blood counts prior to infusion;
for 6-months vomiting, alopecia, risk of infections; withhold if total leukocyte

gonadal toxicity, malignancies count <4000/mm3

Ondansetron, mesna prevent
adverse effects

Rituximab 375 mg/m2 every wk for 2-4 doses Infusion reactions: Chills, fever, Pre dose: Blood counts,
serum sickness, bronchospasm transaminases; hepatitis & HIV
Neutropenia; P. jirovecii pneumonia; serology; IgG level
reactivation of hepatitis B, JC virus; Post dose: Monitor CD19,
acute lung injury; hypogamm- blood counts, IgG level
aglobulinemia

Mycophenolate 600-1200 mg/m2/day in 2-divided Leukopenia; liver dysfunction; pain Blood counts, liver functions
mofetil doses abdomen, nausea, diarrhea; headache; q  3-6 months

warts; weight loss
aDose titrated to blood trough level obtained 12-h after last dose; measure 2-wks after initiating therapy. Subsequently, if: (i) suspected drug toxicity,
(ii) medications that affect levels (Web Table IV), or (iii) unsatisfactory response or relapses while on therapy. bPatients on intense immunosuppression
(combination of calcineurin inhibitors and rituximab or mycophenolate mofetil) should receive prophylaxis with trimethoprim (5 mg/kg; 150 mg/m2on
alternate days).

Most patients who respond to CNI do so within the first
6-months of treatment [44,45,47,51]. Non-response to CNI
is therefore considered in patients who continue to show
nephrotic-range proteinuria, hypoalbuminemia or edema
despite 6-months therapy. Patients showing non-response
should be screened for significant genetic variations (see
above), and considered for alternate management
(Guideline 6).

Therapy with CNI is initially combined with
prednisolone, administered at a dose of 1-1.5 mg/kg on
alternate days for 4-6 weeks, and tapered over 6-9 months
[6,44-46]. Following CNI-induced remission, ~60%
patients may have steroid-sensitive relapses [44,45,52].
Relapses are treated with prednisolone (2 mg/kg/day until
remission; tapered on alternate-days). Stoppage of steroid
therapy might not be possible in patients with multiple
relapses.

The duration of treatment with CNI for patients with
partial or complete remission is not clear, with guidelines
recommending minimum 12-months’ therapy [6,16]. An
RCT comparing continued therapy with tacrolimus vs
switching to mycophenolate mofetil (MMF) at 6-months,
found the former twice as effective in maintaining
remission (90% vs 45%) [45]. In a retrospective study on
23 patients, therapy with cyclosporine for mean duration of
1.7 years could be successfully switched to MMF in 79%
cases [52]. In view of the risk of relapse with early cessation
of therapy, we suggest continuing therapy with CNI for 24
months or longer (Fig. 1), ensuring adequate dose and
trough levels [49,51].

About 10-25% patients receiving prolonged CNI
treatment are at risk of nephrotoxicity [53]. Risk factors for
nephrotoxicity include presence of initial resistance, dose
of CNI used, duration of heavy proteinuria, and hyper-
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tension during therapy [48,53]. In order to balance the
benefits and toxicity of CNI, we suggest individualizing
therapy in children with partial or complete response at 24-
months. Options include:  i) discontinue therapy if patient
has been in sustained remission; ii) continue CNI therapy;
perform kidney biopsy if treatment is prolonged beyond
30-36 months, or if restarting treatment; iii) switch to IV
rituximab or oral MMF in patients with CNI or steroid
toxicity or steroid-sensitive relapses.

Risk factors for AKI in nephrotic syndrome include
volume depletion, infections, nephrotoxic injury and
steroid resistance [21,54,55]. We suggest withholding
CNI during AKI [16,55,56]; treatment is restarted
following recovery of kidney function. Therapy with CNI
is avoided if eGFR is persistently <60 mL/min/1.73 m2.

Guideline 5: Alternate Immunosuppressive
Therapy

5.1 We suggest treatment with IV cyclophosphamide in
patients with non-availability of CNI, either due to its
cost or adverse effects. (2B)

5.2 We do not suggest the use of oral cyclophosphamide
for therapy of patients with steroid-resistance. (2A)

Rationale

Studies utilizing IV cyclophosphamide (every month for 6-
months) and tapering prednisolone show complete or
partial remission in 10-50%, but with significant adverse
effects [46,57,58]. Compared to CNI, IV cyclo-
phosphamide is associated with lower rates of sustained

Steroid resistant nephrotic syndrome

Baseline evaluation
Genetic testing in specific settings

Kidney biopsy, except specific settings

Monogenic Non-genetic disease; genetic testing not indicated

ACE inhibitors or ARB
Supportive management

Counsel about risk of kidney failure
Prepare for kidney replacement therapy

Genetic counseling for prenatal testing,
donor evaluation

CNI + tapering steroids
ACE inhibitors/ARB; supportive management

Assess response at 6-months

↓

Non-response Complete, partial remission
↓ ↓

↓
Rule out genetic disease

↓
Consider rituximab; CNI

combined with MMF

Non-response Remission

Withdraw immunosuppression
Supportive management

CNI for ~2-yr
Taper steroids over 6-9 months
Monitor eGFR, adverse effects

↓

↓
Disease relapses

Treat with steroids; titrate CNI
Switch to rituximab or MMF

↓

↓

Fig. 1 Management of steroid-resistant nephrotic syndrome. Kidney biopsy is necessary, except in patients where genetic testing may
obviate the need for biopsy (Box II). Patients with monogenic cause for steroid-resistance should not receive immunosuppression and
are managed with angiotensin converting enzyme (ACE) inhibitors and supportive therapy. Patients with likely non-genetic disease are
initiated on therapy with a calcineurin inhibitor (CNI) along with supportive care. Lack of remission despite adequate therapy with CNI
for 6-months is an indication for genetic screening, if not performed earlier. Patients with CNI-resistant disease who do not show a
monogenic defect may be treated with IV rituximab or combined therapy of CNI and mycophenolate mofetil (MMF).
Immunosuppression is withdrawn in patients with continued non-response.
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remission (RR 0.50; 95% CI 0.37-0.68) at 6-months [43]. A
multicenter study compared the efficacy of cyclosporine
(150 mg/m2/day) for 48-weeks with IV cyclophosphamide
(500 mg/m2; 7-doses over 36 weeks) in patients with
SRNS. While complete remission was low, 47% patients
treated with cyclosporine and 6% with IV cyclophos-
phamide had partial response [57]. Another multicenter
trial on 131 patients showed 6-month complete remission
rates of 14.8% and partial remission rates of 31.1% with IV
cyclophosphamide, as against 52.4% and 30.1%,
respectively with tacrolimus [44].

Two RCT showed similar efficacy and safety of oral
and IV cyclophosphamide in 61 children with steroid-
resistance (RR 1.58; 95% CI 0.65-3.85) [58,59]. However,
two other RCT found no difference in rates of remission in
patients receiving oral cyclophosphamide with predni-
sone compared to prednisone (n=84; RR 1.06, 95% CI
0.61-1.87) [60,61]. Based on the above, we do not advise
use of oral cyclophosphamide in patients with SRNS.

Guideline 6: Treatment of CNI-Resistant
Nephrotic Syndrome

In patients with non-genetic forms of SRNS and non-
response to therapy with CNI, we suggest additional
treatment with either IV rituximab or oral MMF (Fig. 1).
(2C)

Rationale

Approximately 25-35% patients with non-genetic forms of
SRNS do not show complete or partial remission
following 6-months’ therapy with CNI [43]. The
management of patients with non-response to CNI therapy
is difficult, since they are at high risk of kidney failure [17-
19]. Patients with initial steroid- and CNI-resistance
should be screened for an underlying monogenic disorder.
Those with no pathogenic or likely pathogenic variants in
podocyte genes may be considered for additional immuno-
suppressive therapy, administered under close supervision.

While rituximab has shown promising results in
patients with steroid-sensitive nephrotic syndrome, its
efficacy in CNI-resistant SRNS is less satisfactory. In a
systematic review (7 case series, one RCT; n=226) on
efficacy of rituximab in steroid and CNI-resistant
nephrotic syndrome, the mean number of rituximab doses
was 3.1. Complete or partial remission was observed in
46.4%, with better response in minimal change disease
(63.2%) than in FSGS (39.2%), and late-resistance
(52.8%) compared to initial-resistance (40.8%) [62].
Similar findings of satisfactory response to rituximab in
patients with late resistance are reported in a series from
United Kingdom [18] and in a systematic review [63].
While less favorable outcomes were reported in a study

from India, with remission in 29.3% of 58 patients with
CNI-resistance, there was trend for better response in
minimal change disease and late-resistance [64].

We suggest administering 2-doses of IV rituximab at a
dose of 375 mg/m2 at weekly interval, targeting CD19
count <5/µl or ≤1% of lymphocyte count. If CD19 target is
not met, 1-2 additional doses may be repeated at weekly
intervals (maximum 4 doses). In patients achieving
complete or partial remission, repeat dose(s) of rituximab
may be given following B-cell reconstitution, which
typically occurs after 6-9 months. There is limited guidance
regarding redosing with rituximab, and benefits should be
balanced by the risk of side effects, including infusion
reactions, serum sickness, neutropenia and hypo-
gammaglobulinemia. Therapy with rituximab may be
associated with reactivation of hepatitis B, Pneumocystis
jirovecii pneumonia, severe lung injury and rarely,
progressive multifocal leukoencephalopathy [65].

The efficacy of MMF in patients with SRNS is less
satisfactory than in steroid-sensitive disease. In the
PODONET cohort, monotherapy with this medication
was not effective in 83% patients [19]. The efficacy of
combination of CNI and MMF (600 to 1000 mg/m2/day)
has been reported in patients with CNI-resistant disease.
Three case-series (n=168) on combined therapy for 6-12
months, show complete remission, partial remission and
non-response in 11.8-47.7%, 8.7-38.2% and 43.5-58.8%,
respectively [66-68]. There is limited data on the efficacy
of treatment with adalimumab, abatacept, ofatumumab
and adrenocorticotrophic hormone, oral galactose and
LDL apheresis in patients with CNI-resistant SRNS.
These therapies should only be used in context of clinical
trials [69-71].

Intense immunosuppression is associated with risk of
systemic infections. Patients receiving combined therapy
with CNI and either rituximab or MMF should receive
prophylaxis with cotrimoxazole (5 mg/kg trimethoprim
on alternate days) for 3-6 months. Table II summarizes
dosing, side effects and monitoring of children receiving
immunosuppressive agents.

Guideline 7: Immunosuppressive Therapy With
Pathogenic or Likely Pathogenic Variants

We do not recommend that patients with monogenic
disease receive therapy with calcineurin inhibitors or
other immunosuppressive agents. (1B)

Rationale

Patients with SRNS with pathogenic or likely pathogenic
variations (monogenic disease, Box I) usually do not
show complete or partial remission following therapy
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with CNI. Analysis of pooled data (Web Table III;
n=867) shows that compared to non-genetic disease,
those with genetic forms of SRNS are not likely to
respond to CNI (RR 4.00; 95% CI 2.52-6.51). Patients
with monogenic forms of SRNS, irrespective of response
are more likely to progress to kidney failure than those
with non-genetic illness (RR 2.87; 95% CI 2.22-3.72).

The recent IPNA guidelines do not recommend that
patients with monogenic disease receive immuno-
suppressive medications [6]. However, some patients with
a genetic cause for steroid-resistance, especially those with
WT1 variants, might show partial remission following
treatment with CNI [37]. The decision to continue therapy
in such patients should follow counseling of parents
regarding anticipated benefits (relief of edema, higher
blood albumin) vs risks (therapy-related toxicity, infec-
tions) and cost of therapy. Targeted therapy is possible for
specific mutations, e.g., coenzyme Q10 for defect(s) in
CoQ10 pathway, eplerenone for ARHGDIA, and cortico-
steroids for mutations in genes of Rho/Rac/Cdc42 network
[31,32].

Guideline 8: Angiotensin Converting Enzyme
Inhibitors and Angiotensin Receptor Blockers

We recommend that all patients with SRNS should
receive therapy with angiotensin converting enzyme
(ACE) inhibitors or angiotensin receptor blockers (ARB)
(Table III). (1B)

Rationale

Since proteinuria is a risk factor for progressive kidney
disease, its reduction is important for renoprotection [72].
Use of ACE inhibitors is associated with 30-40%
reduction in proteinuria in a dose- and time-dependent
manner (16,43). ARB may be used as effectively (Table
III) [73]. Dual blockade with ACE inhibitors and ARB
further reduces proteinuria, but is associated with side
effects such as hypotension, AKI and hyperkalemia, and is
not recommended [74]. ACE inhibitors or ARB are
avoided in patients with eGFR < 25 mL/min/1.73 m2, and
discontinued during vomiting, diarrhea or reduced oral
intake. In patients with FSGS, sparsentan, that combines
endothelin receptor type A blockade with angiotensin II
inhibition, reduces proteinuria and hypertension more
effectively than irbesartan [75]. We do not advise therapy
with other medications that target the renin-angiotensin
axis, including aliskrein, eplerenone and vitamin D
analogs.

SUPPORTIVE CARE AND MONITORING

Important aspects of supportive care are summarized in
Table IV. Principles of management of edema, systemic

infections and immunization are discussed in the revised
ISPN guidelines on steroid-sensitive nephrotic
syndrome, published recently [76].

Guideline 9: Thrombotic Complications

We do not recommend routine thromboprophylaxis in
children with SRNS. (1C)

Rationale

The risk of thromboembolic complications in nephrotic
syndrome is ~3% in children, compared to 25% in adults,
with most events within the first 3-months of illness [77].
Risk factors for thrombosis include congenital nephrotic
syndrome, heavy proteinuria, membranous nephropathy,

Table III Antihypertensive and Anti-proteinuric Medications

Medication Initial (maximum) Interval
daily dose

ACE inhibitors
Enalapril 0.08 (0.6)  mg/kg 1-2 doses
Fosinopril 0.1 mg/kg (40 mg) Once daily
Lisinopril 0.07 (0.6) mg/kg Once daily
Ramipril 1.6 (6) mg/m2/day Once daily
Angiotensin receptor blockers
Irbesartan 65 (150) mg; Once daily

150 (300) mg/day if
≥13-year

Losartan 0.7 (1.4) mg/kg Once daily
Olmesartan 10 (20) mg; 20 (40) Once daily

mg if  ≥35 kg
Valsartan 1.3 (2.7) mg/kg Once daily
Telmisartan 1 (2) mg/kg Once daily
Sparsentan 200 (800) mg Once daily
Calcium channel blockers
Amlodipine 0.1 (0.6) mg/kg 1-2 doses
Nifedipine ER 0.2 (3) mg/kg 1-2 doses
Felodipine 2.5 (10) mg Once daily
Thiazides
Hydrochlorothiazide 1 (2) mg/kg 1-2 doses
Beta blockers
Atenolol 0.5 (2) mg/kg Once daily
Metoprolol 1 (6) mg/kg 1-2 doses
Labetalol 1 (12) mg/kg 2-3 doses
Alpha blockers
Prazosin ER 0.05 (0.5) mg/kg 1-2 doses
Central alpha agonist
Clonidine 5-7 (25) mcg/kg/day 2-3 doses

ER extended release.
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central venous catheters and coexisting heart disease
[77]. Sites of thrombosis include the deep veins, cerebral
sinus(es), renal veins and occasionally, arteries [78].

Routine use of prophylactic anticoagulants is not
recommended [77]. Aspirin is less effective and is
associated with risk of AKI [79]. Non-pharmacological
measures such as ambulation, hydration and use of
compression stockings are encouraged; central venous
catheters and arterial punctures should be avoided [79,80].

Therapy aims to prevent extension of thrombi and
reduce the risk of embolism. Thrombolysis followed by
anticoagulation is considered in patients with life or limb-
threatening thrombosis. While anticoagulation may be
initiated with unfractionated heparin, this requires IV
access and close laboratory monitoring, has less pre-
dictable pharmacokinetics and is associated with the risk of
adverse effects (thrombocytopenia, anaphylaxis and

osteoporosis) [80]. Use of low-molecular weight heparin is
preferred [79,81]. Therapy is initiated with enoxaparin at a
dose of 1.5 mg/kg/dose (<2-months age) or 1 mg/kg/dose
(>2-months) subcutaneously, every 12-hr [81]. Long-term
therapy may continue either with enoxaparin or warfarin
(0.2 mg/kg/dose started concurrently with enoxaparin) for
3-months or until remission [80]. For warfarin the
international normalized ratio (INR) for prothrombin time
is targeted  between 2.0 and 3.0. Children with recurrent
throm-botic events require long-term anticoagulation
[77,80].

Guideline 10: Cardiovascular Morbidity

We recommend strategies to minimize cardiovascular
risk in patients with SRNS (X).

Rationale

Steroid resistance is associated with multiple cardio-

Table IV Supportive Care of Children with Steroid-Resistant Nephrotic Syndrome

Complication Pathophysiology Management

Thromboembolism Urine loss of coagulation regulators; hepatic Prevention: Ensure ambulation, optimize hydration;
production of hemostatic proteins; lack of remove central venous catheters, avoid arterial
ambulation; dehydration; thrombocytosis; punctures; use compression stockings
platelet aggregation Treatment:  Heparin, low molecular weight

heparin;  warfarin
Preventive anticoagulation: If previous
thrombosis, risk factors

Hypertension Glomerular disease; high renin, aldosterone, Target blood pressure 50-75th percentile for age
epinephrine, norepinephrine; reduced Lifestyle measures; restrict salt intake
atrial natriuretic peptide Angiotensin converting enzyme inhibitors (ACE-I),

angiotensin receptor blockers
Acute kidney injury Hypovolemia, medications (ACE-I, Supportive care: Attention to fluid and electrolytes;

 calcineurin inhibitors) management of complications of acute kidney injury
Linear growth Exposure to glucocorticoids; malnutrition; Regular monitoring of height, height velocity;
retardation adrenocortical suppression steroid minimization

Limited evidence for growth hormone therapy
Obesity Exposure to steroids; reduced physical activity Monitor weight, body mass index; minimize steroids;

modify lifestyle
Dyslipidemia Increased low density lipoproteins (LDL) Modify lifestyle (dietary change, physical activity,

Reduced clearance of chylomicron, very LDL weight control)
≥ 8-yr-old with LDL cholesterol >160 mg/dL, or > 130
mg/dL with risk factorsa: Atorvastatin 10-20 mg daily

HPA suppression Corticosteroid therapy Stress dose if receiving oral steroids >2-weeks within
past 1-yr

Bone health Urinary loss of vitamin D; osteoblast suppression, Vitamin D (400-800 IU); calcium (250-750 mg)
osteoclast induction supplements

Hypothyroidism Urinary loss of thyroid binding globulin, No treatment if remission is expected; follow-up
transthyretin and albumin borderline levels

Low free T4, TSH >10 mU/L: treat with thyroxine

HPA: hypothalamo-pituitary axis. aRisk factors: chronic kidney disease stage 3-5; blood pressure >90th centile for age; body mass index > 95th
centile; family history of cardiovascular disease.



INDIAN  PEDIATRICS 660 VOLUME 58__JULY 15, 2021

INDIAN SOCIETY OF PEDIATRIC NEPHROLOGY STEROID-RESISTANT NEPHROTIC SYNDROME

vascular risks, including hypertension, dyslipidemia,
hypoalbuminemia, hypercoagulable state and steroid-
induced obesity. Strategies to reduce this risk include
minimizing residual proteinuria, managing hypertension,
weight reduction to achieve BMI <85th centile for age,
non-exposure to tobacco, and achieving target levels of
lipids, fasting glucose (<100 mg/dL) and HbA1c (< 5.7%)
[82].

Hypertension: Blood pressure should be measured at
each visit. A study on Indian children with frequently
relapsing disease showed clinic hypertension in 64%,
ambulatory hypertension in 33%, white coat
hypertension in 30% and increased left ventricular mass
in 21% [83]. Systolic and diastolic blood pressures are
targeted between 50-75th percentile for age and sex [84].
Lifestyle changes include increased intake of vegetables,
fresh fruits, low-fat milk, legumes and nuts, and reduced
salt and sweets. Pharmacotherapy is initiated with ACE
inhibitor or ARB, in view of additional benefit of
reducing proteinuria (Table III).

Dyslipidemia: Children with nephrotic syndrome show
high blood levels of cholesterol, triglycerides, apoB-
containing lipoproteins (LDL, VLDL, IDL) and lipoprotein
(a). While abnormalities resolve during remission, these
might persist in patients with SRNS. Dyslipidemia
aggravates glomerulosclerosis and proximal tubular
damage and is associated with progression of CKD.
Screening for dyslipidemia is advised in patients with
SRNS, and those with steroid-sensitive disease and
cardiovascular risk factors [82,85].

We advise reduced intake of trans-fats or saturated fats
and sugar, and increased consumption of fruits, vegetables,
legumes and whole grain cereals [85]. The CHILD-1 diet is
the first step in children with dyslipidemia or risk factors for
cardiovascular disease and includes restricting intake of
saturated fat and cholesterol to <10% of daily calories and
300 mg, respectively. In case this is not effective, the
respective restrictions are enhanced to 7% and 200 mg in
the CHILD-2 diet [82,85]. Limiting leisure screen time to
<2-hr/day, ensuring moderate physical activity for 1-hr/day,
and vigorous physical activity at least 3 days a week are
advised [85].

If lifestyle measures fail to correct dyslipidemia,
therapy with statins is advised, especially if associated
with risk factors for cardiovascular disease [85]. Therapy
in children 8-year or older  may begin with atorvastatin at
10 mg/day, with monitoring for adverse effects.

Guideline 11: Stress Dosing of Glucocorticoids

We recommend that patients, who have received oral
corticosteroids for more than 2-weeks within the past

one-year, should receive additional steroid dosing during
conditions associated with physiological stress. (1D)

Rationale

Therapy for nephrotic syndrome involves high-dose
prednisolone for 12-weeks for the first episode, 5-6 weeks
for relapse, and prolonged alternate-day for frequent
relapses and steroid-resistance. A systematic review
reported that 269 of 487 (55.2%) children receiving
corticosteroids for varied indications for more than 14-days
had biochemical evidence of suppressed hypothalamo-
pituitary axis (HPA) [86]. The duration of HPA suppression
might last up to two years, and vary with dose and duration
of treatment [87].

We recommend additional steroids in situations where
physiological stress is expected (fever ≥38°C, inadequate
oral intake, lethargy, dehydration, invasive surgery, dental
surgery, trauma and large burns). Conditions such as
uncomplicated viral infections, acute otitis media and fever
post-immunization do not require stress dosing. In case of
critical illness or surgery, hydrocortisone is administered
parenterally at 100 mg/m2, initially or preoperatively
followed by 25 mg/m2 every 6-hr. With less serious illness,
hydrocortisone 30-50 mg/m2/day or prednisolone 0.3-1.0
mg/kg in a single daily dose is given during stress and
tapered thereafter [88].

Guideline 12: Monitoring of Patients

Children with SRNS are at risk for progression to stage 5
CKD, complications of the disease and adverse effects of
medications [89-91]. Managing immunosuppressive
therapies is a challenge due to the risk of infections, non-
compliance and presence of co-morbidities. Patients
require regular monitoring and careful follow up, and
counseling regarding need for compliance with
medications (Table V).

Guideline 13: Transplantation

13.1 We recommend that kidney transplant be considered
in all patients with SRNS and stage 5 CKD. (1B)

13.2 We recommend that genetic testing be performed
before transplant to assist in donor selection and
predict the risk of recurrence in allograft. (1B)

13.3 In a patient with prior allograft recurrence, the
decision for retransplantation should be taken after
discussing the risks and benefits with treating
physicians, patient and family. (2C)

13.4 In patients with allograft recurrence, we suggest
initiation of plasma exchanges, increasing the dose
of CNI, with or without additional use of rituximab.
(2B)
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Rationale

Kidney transplantation is the definitive option for
patients with SRNS and stage 5 CKD. Careful pre-
transplant evaluation of recipient and donor is required.
Genetic screening of the recipient is necessary,
particularly if there is initial resistance or equivocal
course of the illness, since it stratifies the risk for allograft
recurrence and helps in donor screening. If inheritance
pattern is autosomal recessive, a heterozygous carrier
(parent) may be accepted as a donor with negligible risk
of recurrence, except Afro-Caribbean donors with
APOL1 risk variant, or heterozygous R229Q variants in
NPHS2 [35,92]. Heterozygous carriers of pathogenic
variants in COL4A3 and COL4A4 and women with
variants in COL4A5 should not be accepted as donors
since they are at risk of kidney failure [93]. For autosomal
dominant inheritance, individuals with same variant are
not accepted as donors since they might show variable
penetrance with late onset of disease.

FSGS recurs in the allograft in ~30% (range 6-50%)
patients [94,95]. Recurrence is associated with allograft
dysfunction and its loss in 40-60% patients, especially in
those with persistent nephrotic range proteinuria [33,96].

Recurrence risk is highest in patients with late steroid
resistance or recurrent nephrotic syndrome in a prior
transplant (~80%), moderate with initial resistance and
no identified genetic cause (~50%), and lowest with
confirmed genetic mutation underlying SRNS (<5%)
[18,97-100]. Patients with FSGS and kidney failure
should be counseled about these risks.

Living-related transplantation is associated with
better graft survival and is preferred for children in our
country. While the risk of recurrence is minimally higher
in children receiving live-related grafts, this is balanced
by reduced risk of rejection and lower need for
immunosuppression [100,101]. Live-related trans-
plantation is therefore the first choice, except in patients
with moderate to high risk of recurrence.

Nephrotic syndrome might recur occur within hours to
days after transplant and is characterized by nephrotic
range proteinuria and progressive hypoalbuminemia.
Patients are monitored for recurrence by screening for
proteinuria (Up/Uc ratio), initially daily and then with
reduced frequency (Web Box I). Recurrence is considered
in patients with proteinuria and Up/Uc ≥1 mg/mg if anuric
prior to transplant or increase of ratio by ≥1 in those with

Table V Monitoring of Patients with Steroid-Resistant Nephrotic Syndrome

Parameter Frequency

Home urine dipstick for protein Daily for 1-2 weeks; 2-3 times/week until remission; once-
weekly thereafter

Spot urine protein/creatinine ratio* Baseline; 2-4 weeks; then every 6-12 months
Weight, height; growth velocity; body mass index Every 3-6 months (frequent in infants and stage 3-5 chronic

kidney disease)
Blood pressure At each hospital visit
Ambulatory blood pressure monitoring Every 1-2 yr
2-D echocardiography Annually, if hypertensive
Blood creatinine, electrolytes, albumin, eGFR Baseline; 2-4 weeks; then every 3-6 months
Hemoglobin, glucose, calcium, phosphate, alkaline Every 6-12 months with partial remission or non-response;
phosphatase, 25-hydroxyvitamin D; thyroid profile every 12 months with complete remission; additional

investigations may be required for stage 3-5 chronic kidney
disease

Monitoring drug toxicity See Table II
Fasting lipid profile Every 6-12 months
Eye examination (cataract, glaucoma) Annually, if receiving long-term steroids
Repeat renal biopsy Calcineurin inhibitor therapy beyond 30-36 months;

recommencing therapy for second course
Non-recovery from acute kidney injury

Nutritional status and advice Every 6 months; more frequent in infants, malnourished
children, stage 3-5 chronic kidney disease

Immunization Check and complete every 12 months, as appropriate

*24-hr urine protein estimation may be considered instead. eGFR estimated GFR (mL/min per 1.73 m2) =
0.413 × height (cm)
 creatinine (mg/dL)
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proteinuria at transplantation [6]. Early onset graft
dysfunction may be a feature of recurrent FSGS. Where
feasible, an allograft biopsy is recommended to detect
podocyte foot process effacement or segmental sclerosis
that supports the diagnosis of recurrence. A biopsy may also
help exclude other diagnosis in patients with lower degree
of late-onset proteinuria or allograft dysfunction.

Multiple therapies have been used to prevent
recurrence of nephrotic syndrome, including pre-
transplant plasma exchanges, rituximab and lipoprotein
apheresis. There is limited evidence that any of these
strategies prevent allograft recurrence in the first kidney
transplant [102,103]. Strategies for managing patients
with allograft recurrence include combination of plasma
exchanges with high-dose CNI and corticosteroids, with
or without cyclophosphamide [104-107] (Web Box I).
Multiple reports show benefit from additional therapy
with rituximab (2-4 doses of 375 mg/m2, administered
once every 1-2 weeks) [65,104]. Using these strategies,
60-70% patients with recurrent FSGS show complete or
partial remission.

Guideline 14: Transition of Care

A significant proportion of patients continue to have active
disease into adulthood [89]. These children will need to be
cared for by ‘adult’ physicians and nephrologists, keeping
with the policy of the Indian Academy of Pediatrics of
caring for children upto 18 years [108]. Parallel to the
change in medical caregiver, patients need to transition
from care by parents to self-care. Transition should occur
smoothly, without affecting patient health. Institution-
specific protocols for transition of care should be based on
standard guidelines [109].

Congenital Nephrotic Syndrome

Patients with congenital nephrotic syndrome present at
birth or in first 3-months of life. Infants are born
prematurely with large placenta, and show massive
proteinuria, hypoalbuminemia and anasarca. Antenatal
ultrasonography may show hyperechoic kidneys;
amniocentesis reveals high alpha-fetoprotein. There may
be dysmorphic features or comorbidities. Most patients
develop kidney failure by the age of 2-8 years.
Recommendations on genetic aspects and management
were published recently [110,111].

Almost 70-80% patients with congenital nephrotic
syndrome have a genetic cause; mutations in NPHS1,
NPHS2, WT1, LAMB2 and PLCE1 account for ~90%
cases [110,112]. Exome sequencing using an extended
SRNS gene panel (Web Table II) is recommended.
Results of screening have implications for genetic
counseling. Rarely, the condition is secondary to

intrauterine infec-tions with cytomegalovirus, rubella,
toxoplasma and syphilis [111]. The role of kidney biopsy
is limited and may be considered if a genetic diagnosis is
not established.

Evaluation aims to confirm the diagnosis and identify
complications, including poor growth, hypothyroidism,
systemic infections and thromboembolism (Web Box II)
[111]. Infants with WT1 variants are monitored by
ultrasonography for Wilms tumor every 3-6 months.

Management includes maintaining euvolemia,
optimizing nutrition, and therapy of complications.
Patients should receive high energy (110-120 Cal/kg) and
protein (3-3.5 g/kg/d) diet, orally or by feeding
gastrostomy. Supplements of thyroxine, vitamin D and
calcium are required. Albumin infusions (0.5-1.0 g/kg)
are advised in presence of hypovolemia (oliguria,
prolonged capillary refill, tachycardia) or anasarca. IV
furosemide (0.5-2 mg/kg) is given at the end of infusion,
unless patient has features of hypovolemia. Monitoring of
fluid status, creatinine, electrolytes and blood pressure
are necessary during diuretic therapy [111].

After 4-weeks of life, judicious use of ACE inhibitors
(Table III) with or without prostaglandin inhibitors
(indomethacin, celecoxib) is effective in reducing the
severity of proteinuria. Therapy with these agents and
diuretics should be withheld during episodes of
hypovolemia. Since infections are the chief cause of
death, infants should receive all primary immunization
and bacterial infections are treated promptly. Therapy
with anticoagulants is considered in patients with history
of thrombosis.

Unilateral or bilateral nephrectomies are not
proposed routinely, and may be considered in patients
with repeated episodes of hypovolemia or refractory
edema, thrombosis and malnutrition [112]. Bilateral
nephrectomy is advised, prior to kidney transplantation,
in patients with WT1 mutations or persistent nephrotic

Box III Research Priorities in Steroid-Resistant Nephrotic
Syndrome
Determine genetic burden and genotype-phenotype correlation in
Indian patients; models for evaluating functional significance of
variants
Pathogenesis of non-genetic forms of the illness
Duration of therapy with calcineurin inhibitors; switching to less
toxic medications
Treatment for patients who are non-responsive to therapy with
calcineurin inhibitors
Prevention and therapy for recurrent focal segmental
glomerulosclerosis
Improving quality of life and patient-centered outcomes.
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range proteinuria. Kidney transplantation is the definitive
treatment, but has ethical, technical and immunologic
challenges.

CONCLUSIONS
Recommendations on management of SRNS, first
proposed by the ISPN in 2009, have been revised based
on systematic reviews, published studies and expert
opinion. While there is better understanding regarding
the genetic basis and management, important clinical
issues require to be examined (Box III). The management
of the disease continues to be challenging, and patients
not responsive to treatment with CNI are at risk of
progressive kidney disease. We hope that the present
guidelines will standardize therapies and improve the
quality of care for these patients.
Note: Supplementary material related to this study is available
with the online version at www.indianpediatrics.net
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Web Table I Grading of Evidence [7] 

Grade Quality of evidence 
A Well designed and controlled studies; meta-analysis on applicable population; true effect 

lies close to the estimate of the effect 
B Studies with minor limitations; consistent findings from multiple observational studies; 

true effect is likely to be close to estimate of the effect, but there is a possibility that it is 
substantially different 

C Single, few or multiple studies with inconsistent findings or major limitations; 
confidence in the effect estimate is limited, the true effect may be substantially different 
from estimate of the effect 

D Expert opinion, case reports; very little confidence in effect estimate, true effect likely to 
be substantially different from estimate of effect 

X Situations where validating studies cannot be performed, and benefit or harm clearly 
predominates 

Level Strength of recommendation
1 “We recommend”: Most patients should receive the recommended course of action 
2  “We suggest”: Different choices will be appropriate for different patients 
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Web Table II Gene List for Targeted Panel with Features of Steroid Resistant Nephrotic 
Syndrome (SRNS) 

Gene Protein Inherit-
ance 

Accession no; 
OMIM 

OMIM 
phenotype 

Key clinical features 

ACTN4 Actinin, alpha 
4 

AD NM_004924; 
603278 

Focal segmental 
glomeruloscleros
is (FSGS), type 1 

Familial and sporadic 
SRNS (usually adolescent 
and adult) 

ADCK4/ 
COQ8B 

Coenzyme 
Q8B 

AR NM_024876; 
615573 

Nephrotic 
syndrome, type 9 

FSGS or collapsing 
FSGS; one patient 
responded to coenzyme 
Q10 

ALG1 Asparagine-
linked 
glycosylation 
1 

AR NM_019109; 
605907 

Congenital 
disorder of 
glycosylation, 
type Ik 

Neurologic impairment 
and dysmorphic features 

ANKFY1 Rabankyrin-5 AR NM_001330063.2; 
607927 

 Early onset illness 

ANLN Actin binding 
protein anillin 

AD NM_018685; 
616032 

FSGS, type 8 FSGS (onset between 9-
70 years) 

ARHGAP24 Rho GTPase-
activating 
protein 24 

AD NM_001025616; 
610586 

 FSGS 

ARHGDIA Rho GDP-
dissociation 
inhibitor alpha 

AR NM_001185078; 
615244 

Nephrotic 
syndrome, type 8 

Congenital nephrotic 
syndrome; SRNS early 
onset; diffuse mesangial 
sclerosis on biopsy 

AVIL Advillin AR NM_006576.3; 
618594 

Nephrotic 
syndrome, type 
21  

SRNS; diffuse mesangial 
sclerosis on biopsy 

CD151 Tetraspanin 
(TM4) 

AR NM_004357; 
609057 

Nephropathy; 
deafness; SRNS; 
epidermolysis 
bullosa 

Pretibial skin lesions, 
sensorineural deafness, 
lacrimal duct stenosis, 
nail dystrophy, 
thalassemia minor 

CD2AP CD2-
associated 
protein 

AD/A
R 

NM_012120; 
607832 

FSGS, type 3  FSGS 

CLCN5 H+/Cl- 
exchange 
transporter 5 

XR NM_001127898.4; 
300009 

Dent disease; 
low molecular 
weight 
proteinuria, 
hypercalciuria 

Failure to thrive; 
hypercalciuria, 
nephrolithiasis; low 
molecular weight 
proteinuria, albuminuria; 
FSGS 

COL4A3 Type IV 
collagen α3 

AR, 
AD 

NM_000091; 
120070 

Alport syndrome 
2, AR; Alport 
syndrome 3, AD  

Alport syndrome; FSGS 

COL4A4 Type IV 
collagen α4 

AR NM_000092; 
120131 

Alport syndrome 
2, AR 

Alport syndrome; FSGS 

COL4A5 Type IV 
collagen α5 

XLD NM_000495; 
301050 

Alport syndrome 
1, XL  

Alport syndrome; FSGS 
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COQ2 Coenzyme Q2 AR NM_015697; 
609825 

Coenzyme Q10 
deficiency, 
primary, 1 

Mitochondrial disease; 
isolated SRNS 

COQ6 Coenzyme Q6 AR NM_182476; 
614647 

Coenzyme Q10 
deficiency, 
primary, 6 

Early SRNS; 
sensorineural deafness; 
ataxia, facial 
dysmorphism; FSGS, 
diffuse mesangial 
sclerosis 

CRB2 Crumbs cell 
polarity 
complex 
component 2 

AR NM_173689; 
616220 

FSGS, type 9  SRNS 

CUBN Cubilin AR NM_001081; 
261100 

Megaloblastic 
anemia 

Megaloblastic anemia; 
proteinuria 

DGKE Diacylglycerol 
kinase, epsilon 

AR NM_003647; 
615008 

Nephrotic 
syndrome, type 7 

 

DLC1 DLC1 Rho 
GTPase 
activating 
protein 

 NM_182643.3; 
604258 

 Child and adult steroid 
sensitive illness and 
SRNS; partial CNI 
response 

E2F3 E2F 
transcription 
factor 3 

 NM_001949.4; 
600427 

 FSGS, mental retardation;
also with partial deletion 
of chromosome 6  

EMP2 Epithelial 
membrane 
protein 2 

AR NM_001424; 
615861 

Nephrotic 
syndrome, type 
10  

Childhood SRNS; steroid 
sensitive illness also 
reported 

FAT1 FAT tumor 
suppressor 
homolog 1  

AR NM_005245.4; 
600976 

 SRNS, tubular ectasia, 
hematuria 

FN1 Fibronectin AD NM_212482.3; 
601894 

Glomerulopathy 
with fibronectin 
deposits 2 

Proteinuria, hematuria; 
glomerulomegaly, 
fibronectin positive 
subendothelial, mesangial 
deposits 

GAPVD1 GTPase-
activating 
protein, VPS9-
domain protein 
1 

 NM_001282680.3; 
611714 

 Early-onset SRNS 

INF2 Inverted 
formin 2 

AD NM_022489; 
613237 

FSGS, type 5 Isolated SRNS; Charcot-
Marie-Tooth neuropathy 
with FSGS 

ITGA3 Integrin α3 AR NM_002204; 
605025 

Interstitial lung 
disease; 
epidermolysis 
bullosa 

Congenital, SRNS; 
interstitial lung disease; 
epidermolysis bullosa 
(congenital) 

ITGB4 Integrin β4 AR NM_000213; 
147557 

Epidermolysis 
bullosa; pyloric 
atresia 

Epidermolysis bullosa 
(junctional); pyloric 
atresia; FSGS 

ITSN1 Intersectin-1 AR NM_003024.3; 
602442 

 Congenital, SRNS; 
steroid sensitive illness 
reported 

ITSN2 Intersectin-2 AR NM_019595.4;  Steroid sensitive illness 
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604464 (minimal change) or 
membranoproliferative 
glomerulonephritis  

KANK1 KN motif 
ankyrin repeat 
domain-
containing 
protein 1 

AR NM_015158.3; 
607704 

 Steroid sensitive illness 

KANK2 KN motif 
ankyrin repeat 
domain-
containing 
protein 2 

AR NM_015493; 
617783 

 Steroid sensitive illness; 
steroid dependence; 
hematuria 

KANK4 KN motif 
ankyrin repeat 
domain-
containing 
protein 4 

AR NM_0181712.4; 
614612 

 SRNS; hematuria 

KIRREL1 Kin of IRRE-
like protein 1 

AR NM_018240.7; 
607428 

 SRNS 

LAGE3 EKC/KEOPS 
complex 
subunit 
LAGE3 

XR NM_006014.4; 
301006 

Galloway-Mowat 
syndrome 2 

Early-onset SRNS; FSGS; 
microcephaly, gyral 
abnormalities; delayed 
development 

LAMB2 Laminin, beta-
2 

AR NM_002292; 
614199 

Nephrotic 
syndrome, type 
5; ocular 
anomalies 

Pierson syndrome; SRNS, 
microcoria, 
neurodevelopmental delay

LCAT Phosphatidylc
holine-sterol 
acyltransferase 

AR NM_000229.2; 
245900 

Norum disease Proteinuria, renal failure, 
anemia, corneal lipid 
deposits 

LMNA Prelamin-A/C AD NM_170707; 
151660 

Lipodystrophy 
type 2, partial 

Familial partial 
lipodystrophy; FSGS 

LMX1B LIM 
homeobox 
transcription 
factor 1β 

AD NM_002316; 
602575 

Nail-patella 
syndrome 

FSGS; SRNS, mild 
ridging to hypoplasia of 
nails, absent, hypoplastic 
patella; glaucoma  

MEFV Pyrin AD/A
R 

NM_000243.2; 
608107 

Familial 
Mediterranean 
fever 

Fever, pericarditis, 
pleuritis, arthralgia; 
nephrotic syndrome 

MAFB Transcription 
factor MafB 

AD NM_005461.5; 
166300 

Multicentric 
carpotarsal 
osteolysis 
syndrome 

Proteinuria, end stage 
kidney disease; skeletal 
disorders; mental 
retardation; minor facial 
anomalies 

MAGI2 Membrane-
associated 
guanylate 
kinase inverted 
2 

AR NM_012301.4; 
617609 

Nephrotic 
syndrome, type 
15  

SRNS; FSGS 

MYO1E Myosin IE AR NM_004998; 
614131 

FSGS, type 6 FSGS; collapsing FSGS 

MYH9 Myosin-9 AD NM_002473; 
155100 

Macrothrombocy
tes, granulocyte 

MYH9-related disease; 
Epstein, Fechtner 
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inclusions; 
nephritis, 
deafness 

syndromes: nephritis, 
deafness, 
thrombocytopenia, giant 
platelets 

NEU1 Sialidase-1 AR NM_000434.4; 
256550 

Sialidosis, type 
I/II 

SRNS; FSGS; 
hepatomegaly, corneal 
clouding, cherry red spots 
(nephrosialidosis) 

NPHS1 Nephrin AR NM_004646; 
256300 

Nephrotic 
syndrome, type 1 

Congenital, SRNS 

NPHS2 Podocin AR NM_014625; 
600995 

Nephrotic 
syndrome, type 2  

Congenital, SRNS 

NUP85 Nucleoporin, 
85-kDa 

AR NM_024844.5; 
618176 

Nephrotic 
syndrome, type 
17 

SRNS; FSGS 

NUP93 Nucleoporin, 
93-kDa 

AR NM_014669; 
616892 

Nephrotic 
syndrome, type 
12  

SRNS; FSGS 

NUP107 Nucleoporin, 
107-kDa 

AR NM_020401; 
616730 

Nephrotic 
syndrome, type 
11 
Galloway-Mowat 
syndrome-7 

SRNS 

NUP133 Nucleoporin, 
133-kDa 

AR NM_018230.3; 
618177; 618349 

Nephrotic 
syndrome, type 
18 
Galloway-Mowat 
syndrome-8 

Isolated FSGS 

NUP160 Nucleoporin, 
160-kDa 

AR NM_015231.2; 
618178 

Nephrotic 
syndrome, type 
19 

SRNS 

NUP205 Nucleoporin, 
205-kDa 

AR NM_015135; 
616893 

Nephrotic 
syndrome, type 
13 

Early onset SRNS 

NXF5 Nuclear RNA 
export factor 5 

XR NM_032946; 
300319 

 FSGS co-segregating with 
heart block 

OCRL Inositol 
polyphosphate 
5-phosphatase  

XR NM_000276; 
309000 

Lowe syndrome  FSGS; absence of 
proximal tubular 
dysfunction reported 

OSGEP Probable 
tRNA N6-
adenosine 
threonylcarba
moyltransferas
e 

AR NM_017807.4; 
617729 

Galloway-Mowat 
syndrome 3 

SRNS 

PAX2 Paired box 
protein 2 

AD NM_003987; 
616002 

FSGS, type 7 FSGS without extrarenal 
manifestations 

PDSS2 Decaprenyl 
diphosphate 
synthase 
subunit 2 

AR NM_020381; 
610564 

Leigh syndrome Mitochondrial disorder; 
proteinuria 

PLCe1 Phospholipase 
C, epsilon-1 

AR NM_016341; 
610725 

Nephrotic 
syndrome, type 3  

Congenital, SRNS 



INDIAN SOCIETY OF PEDIATRIC NEPHROLOGY       STEROID-RESISTANT NEPHROTIC SYNDROME 
 

INDIAN PEDIATRICS                                                                               VOLUME 58__JULY 15, 2021 

 

PMM2 Phosphomann
omutase 2 

AR NM_000303; 
212065 

Disorder of 
glycosylation, 
type Ia 

Psychomotor retardation, 
peripheral neuropathy 
with SRNS 

PODXL Podocalyxin AD NM_005397; 
602632 

 FSGS 

PTPRO Protein-
tyrosine 
phosphatase, 
receptor-type 
O 

AR NM_030667; 
614196 

Nephrotic 
syndrome, type 6 

SRNS 

SCARB2 Lysosome 
membrane 
protein 2 

AR NM_005506; 
254900 

Myoclonic 
epilepsy, 4; renal 
failure 

Progressive myoclonic 
epilepsy; SRNS; FSGS 

SGPL1 Sphingosine-
1-phosphate 
lyase 1 

AR NM_003901.4; 
617575 

Nephrotic 
syndrome, type 
14 

Primary adrenal 
insufficiency, neurologic 
abnormalities; SRNS 

SMARCAL1 SMARCAL1 AR NM_014140; 
242900 

Schimke 
immunoosseous 
dysplasia 

Spondyloepiphyseal 
dysplasia; immune 
deficiency, neurological 
features; FSGS 

SYNPO Synaptopodin AD NM_007286; 
608155 

 Sporadic FSGS (promoter 
mutations) 

SYNPO2 Synaptopodin-
2 

AR Not available  Congenital childhood 
onset, SRNS  

TBC1D8B TBC1 domain 
family, 8B 

XR NM_017752.3; 
301028 

Nephrotic 
syndrome, type 
20 

Early-onset SRNS with 
FSGS 

TNS2 Tensin 2 AR NM_170754.3; 
607717 

 Steroid dependence 
(minimal change, FSGS, 
diffuse mesangial 
sclerosis) 

TP53RK EKC/KEOPS 
complex 
subunit 
TP53RK 

AR NM_033550.4; 
617730 

Galloway-Mowat 
syndrome 4 

Early onset SRNS 

TPRKB EKC/KEOPS 
complex 
subunit 
TPRKB 

AR NM_001330389.1; 
617731 

Galloway-Mowat 
syndrome 5 

Early-onset SRNS 

TRPC6 Transient 
receptor 
potential 
channel, 
subfamily C 
member 6 

AD NM_004621; 
603965 

FSGS, type 2 Familial and sporadic 
SRNS (chiefly adult) 

TTC21B Tetratricopepti
de repeat 
protein 21B 

AR NM_024753; 
613820 

Nephronophthisi
s 12  

Late onset FSGS; 
tubulointerstitial fibrosis 
and  tubular atrophy; 
Joubert syndrome 

WDR4 tRNA 
(guanine-N7-) 
methyltransfer
ase subunit 
WDR4 

AR NM_001260475.1; 
618347 

Galloway-Mowat 
syndrome 6  

Early-onset SRNS 
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WDR73 WD repeat 
domain 73 

AR NM_032856; 
616144 

Galloway-Mowat 
syndrome 1 

SRNS 

WT1 WT1 
transcription 
factor 

AD NM_024426; 
256370 

Nephrotic 
syndrome, type 4  

Isolated SRNS; Frasier & 
Denys-Drash syndromes 

XPO5 Exportin 5 AR NM_020750; 
607845 

 Childhood SRNS 

ZMPSTE24 CAAX prenyl 
protease 1 
homolog 

AR NM_005857; 
608612 

Mandibuloacral 
dysplasia, type B 
lipodystrophy 

FSGS; skeletal anomalies, 
dysplastic nails; skin 
pigmentation; calcified 
skin nodules 

APOL1 Apolipoprotei
n L-I 

 NM_003661; 
612551 

FSGS, type 4 G1, G2 risk alleles: 
Susceptibility to FSGS; 
end stage kidney disease 
in African, Hispanic 
Americans 

OMIM Online Mendelian Inheritance in Man; AR autosomal recessive; AD autosomal dominant; CNI calcineurin 
inhibitors; XR X-linked recessive, XL X linked 
Phenocopy genes (OMIM no.; phenotype): NPHP4 (606966; nephronophthisis 4); CLCN5 (300009; Dent disease 1); 
CTNS (219800; cystinosis); DGKE (615008; hemolytic uremic syndrome); NPHP13 (614377; nephronophthisis 13); 
GLA (301500; Fabry disease); FN1 (601894; glomerulopathy with fibronectin deposits 2); PAX2 (120330; 
papillorenal syndrome); COL4A3 (104200; Alport syndrome); COL4A4 (203780; Alport syndrome); COL4A5 
(301050; Alport syndrome); AGXT (259900; primary hyperoxaluria type 1); FAT4 (612411; Van Maldergem 
syndrome 2); WDR19 (614377; nephronophthisis 13). 
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Web Table III Corticosteroid Response and Kidney Failure in Children with Genetic and 
Non-Genetic Forms of Steroid-Resistant Nephrotic Syndrome 

 
Author, yr [Ref] Genetic cause, 

%* 
Complete, partial remission Kidney Failure^ 

Non-genetic, N Genetic, N Non-genetic, 
N 

Genetic, N 

Trautmann, 2018 [28] 373/1554 (24%) 159/387 10/74 113/501^1 116/241^1 

Landini, 2020 [29] 37/64 (57.8%)$1 13/17 1/19$2 3/6^2 11/25^2 

Nagano, 2020 [30] 69/230 (30%) 41/158 2/37 79/158^3 52/69^3 

Mason, 2020 [18] 81/271 (29.9%) 69/149 9/26 41/149^4 16/26^4 

Total# 1086/3902 
(27.8%)# 

282/711 
(39.7%) 

22/156 
(14.1%) 

236/814 
(29.0%) 

195/361 
(61.5%) 

Genetic versus non-genetic disease Odds ratio 95% confidence interval P 

Non-response 4.00 2.52, 6.51 <0.0001 

Kidney failure 2.87 2.22, 3.72 <0.0001 

Only includes reports based on next-generation sequencing; latest or largest report for units with 
multiple papers 
*Congenital nephrotic syndrome not excluded, except by Trautmann et al 
# Includes 526 of 1783 families tested by Sadowski et al [26] 
^ Numbers at 1last follow up; 2at 10-yr; or extrapolated from Kaplan Meier analysis, at 3last 
follow up or at 410-yr 
$1 Includes and $2excludes 18 patients with phenocopies 

 
  



INDIAN SOCIETY OF PEDIATRIC NEPHROLOGY       STEROID-RESISTANT NEPHROTIC SYNDROME 
 

INDIAN PEDIATRICS                                                                               VOLUME 58__JULY 15, 2021 

 

Web Table IV Important Drug Interactions of Cyclosporine and Tacrolimus 

Medication Effect Management 
Drugs that decrease levels 
Anticonvulsants: Phenytoin, 
carbamazepine, 
phenobarbitone 

Enzyme induction leads 
to lower levels; risk of 
non-response or relapse 

Increase medication by 30%; monitor 
trough levels following change of dose or 
discontinuation of anticonvulsant 

Antibiotics: Rifampin; 
caspofungin (only with 
tacrolimus) 

Monitor trough levels following addition, 
change of dose or discontinuation of 
medication 

Drugs that increase levels 
Erythromycin, clarithromycin 
Fluconazole, ketoconazole, 
voricanazole 

Enzyme inhibition 
results in high levels and 
risk of nephrotoxicity 

Monitor trough levels following addition, 
change of dose or discontinuation of 
medication 
Monitor serum creatinine, electrolytes, liver 
function tests 

Diltiazem, verapamil 

Pharmacodynamic interactions 
Aminoglycosides, 
amphotericin B, nonsteroidal 
anti-inflammatory drugs 

Risk of nephrotoxicity Avoid if alternative options are available 
Monitor creatinine and electrolytes 
frequently 

HMG-CoA reductase 
inhibitors 

Myalgia, rhabdomyolysis Start with low dose of statins; monitor for 
toxicity 

Nifedipine, amlodipine, 
phenytoin (only with 
cyclosporine) 

Higher incidence and 
severity of gingival 
hyperplasia 

Avoid long-term combined use; change to 
alternative agent 
Dental and oral hygiene; regular dentist 
visits 
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Web Box I Management of Allograft Recurrence of Nephrotic Syndrome 

Monitor proteinuria by urine protein to creatinine (Up/Uc) ratio 

Daily for 1 week; weekly for 4-weeks; monthly for 1-yr; then every 3-6 months 

Renal biopsy, especially if low grade proteinuria or graft dysfunction 

Treatment of Recurrence 

Plasma exchange 

Membrane filtration or centrifugation based; heparin or citrate anticoagulation 

Replacement fluid: 5% albumin; fresh frozen plasma 

Schedule: Plasma exchange 1.5 times plasma volume (60-75 mL/kg) per session on alternate 

days for 2-weeks; single volume (40 mL/kg) once per week for 4-6 weeks 

Medications 
IV methylprednisolone 250 mg/m2/day for 3 days; taper to previous dose of oral prednisolone 
Increase dose of calcineurin inhibitors: Tacrolimus trough 8-12 ng/mL; cyclosporine trough 

150-200 ng/mL 

Rituximab 375 mg/m2 two doses, one-week apart 

Add angiotensin converting enzyme inhibitor once allograft function established with stable 

estimated GFR 

Consider therapy with oral cyclophosphamide for 3 months in place of mycophenolate mofetil 

Recurrence: Urine protein to creatinine ratio (Up/Uc) ≥1 mg/mg if anuric before transplant; or 
increase in Up/Uc by ≥1 mg/mg if proteinuria at time of transplant 
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Web Box II Evaluation of Patients with Congenital Nephrotic Syndrome 

 

Extra-renal features: Dysmorphic features, eye, urogenital abnormalities; large placenta 

Urinalysis; urine protein to creatinine ratio 

Complete blood counts 

Blood creatinine, protein, albumin, electrolytes, calcium, phosphate 

Transaminases, alkaline phosphatase, 25-hydroxyvitamin D 

Lipid profile, free thyroxine, thyroid stimulating hormone 

Renal ultrasonography 

Kidney biopsy: Not necessary, except if a genetic diagnosis is not established 

Identifying the cause 

Exome sequencing (Web Table II) 

Serology for intrauterine infections (TORCH), syphilis, hepatitis B and C, HIV 

Karyotyping (infants with ambiguous genitalia, extra-renal features) 
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β-Thalassemia is one of the most prevalent monogenic diseases usually caused by quantitative defects in the production of β-globin, a
component of adult hemoglobin (α2β2), leading to severe anemia. Technological advances in genome sequencing, stem cell selection,
viral vector development, transduction and gene-editing strategies now allow for efficient ex-vivo genetic manipulation of human
hematopoietic stem cells that can lead to a meaningful clinical benefit in thalassemia patients. In this perspective, the status of the gene-
therapy approaches available for transfusion-dependent thalassemia and early results of clinical trials are discussed. It is highly
anticipated that gene therapies will soon become a treatment option for patients lacking compatible donors for hematopoietic stem cell
transplant and will offer a suitable alternative for definitive treatment of β-thalassemia, even in young children.
Keywords:  BCL11A, Gene-editing, Hematopoietic stem cell transplantation, Lentivirus vectors.

-thalassemia is a monogenic disorder characterized
by reduced or absent synthesis of the β-globin
chain, one of the main components of adult
hemoglobin (HbA, α2β2). Several hundred

Although the switch from γ- to β-globin synthesis
begins before birth, complete replacement of the HbF by
HbA occurs in the postnatal period. Consequently, infants
with severe β-globin chain abnormality become trans-
fusion-dependent around 6 months of age, when levels of
HbF decrease significantly. Based on their transfusion
needs, β-thalassemia patients are classified as trans-
fusion-dependent thalassemia (TDT) or non-transfusion-
dependent thalassemia (NTDT), although these defini-
tions are also fluid, as some NTDT patients may need
regular transfusions as they become older [8].

β-thalassemia has a high global incidence, especially
in Asia (northern and eastern India) and Eastern Mediter-
ranean regions. The conventional management of
patients affected by the severe form of the disease relies
on chronic and regular blood transfusions (every 3-4
weeks) to maintain nadir hemoglobin at or above 9 g/dL

RRRRR EEEEE VVVVV IIIII EEEEE W   AW   AW   AW   AW   A RRRRR TTTTT IIIII CCCCC LLLLL EEEEE

Fig. 1 HBB gene cluster (β-globin gene) and HBA gene cluster
(α-globin gene); transcribed globin proteins combine to make
adult hemoglobin (HbA, ∝2β2).

Published online: March 26, 2021; PII: S097475591600302

mutations (both point mutations and deletions) are now
described in the human β-globin gene (HBB gene cluster on
chromosome 11, Fig. 1) or its regulatory elements, leading
to decreased (β+ genotype) or absent (β0 genotype)
synthesis of the β-globin [1]. This results in a relative
increase in the unattached α chains (α/β-chain imbalance)
that form insoluble hemi-chromes in the erythrocyte
progenitors. The hemi-chromes damage the erythrocyte
membrane, leading to severe intramedullary erythrocyte
apoptosis (ineffective erythropoiesis) and severely
shortened red blood cell (RBC) life span due to extra-
medullary hemolysis, leading to severe anemia (low
hemoglobin, Hb) [2,3].

The phenotype of β-thalassemia is variable depending
upon the reduction (α+/β+) or complete absence of β-
globin chain synthesis (β0/β0) and other genetic variables
like co-inheritance of α- and γ-mutations, as well as co-
inheritance of other hemoglobinopathies (e.g. HbE, Lepore
and sickle hemoglobin) [4,5]. Some mutations also alter the
fetal hemoglobin (HbF, α2γ2) to HbA switch and may lead
to higher production of HbF into adulthood (hereditary
persistence of fetal Hb, HPFH) resulting in less severe
anemia [6,7]. Therefore, though the severity of thalassemia
can be usually predicted based on the mutation analysis of
the HBB cluster, other genetic factors may modify the
actual phenotype and transfusion requirements.

β
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along with iron chelation therapy, to prevent the toxicities
of iron overload [3,9].

Currently, the only curative therapy is allogeneic
hematopoietic stem cell transplant (HSCT) from an HLA-
matched sibling or unrelated donor or cord blood unit
(located through national bone marrow donor registries),
with good outcomes [10]. HSCT is recommended in
relatively younger patients, prior to development of
increased iron overload in organs (especially, liver and
myocardium) and when suitable HLA-matched donors are
available to decrease the risks of toxicity and graft-versus
host disease (GVHD). Disease-free survival exceeds 85%,
depending on patients’ age, HLA-matching and clinical
factors like iron overload, liver fibrosis and hepatomegaly
[11,12]. Full matched sibling donor HSCT in younger
children (<16 years of age) is considered standard of care,
while alternative donor HSCT (from mis-matched unrela-
ted or haploidentical donors) are still experimental, and are
not devoid of complications like rejection, viral reacti-
vations, and graft versus host disease (GVHD) [13-15].

GENE THERAPY FOR THALASSEMIA

The era of genome sequencing, understanding of the HBB
gene cluster and its strict regulation and control, along
with advancements in vector development and gene-
editing platforms, has provided new options for the

treatment for thalassemia patients. The expression of β-
like genes is regulated by a locus control region (LCR)
via looping-mediated interactions with the globin
promoters, therefore these LCR and promoter regions are
essential for the globin gene expression [16]. The comp-
lete understanding of the switch from γ-globin to β-globin
production during infancy, and the control of this switch
by various transcription factors (TF) has provided new
targets for gene-modifications. Speckle-type POZ protein
(SPOP), globin transcription factor 1 (GATA-1) and B-
cell Leukemia/Lymphoma 11A (BCL11A) are now
recognized as important TFs, that bind to specific sites in
the HBB gene and control the switch from production of
HbF to HbA [17-19].

Advances in vector development, transduction of
human stem and progenitor cells (HSPCs) and various
gene-editing tools, provide a new hope for availability of
curative options soon, making gene-therapy one of the
most promising treatment options.

The goal of current gene therapy strategies is to
induce production of β- or γ-globin, thereby  decreasing
the levels of unattached α-globin chains, to restore the
alpha/non-alpha globin ratio in RBCs. This should lead to
correction of ineffective erythropoiesis and improved
RBC lifespan (decreased hemolysis), with larger number
of erythrocytes with higher hemoglobin surviving longer

Fig. 2 Overview of treatment plan for gene-modified human stem and progenitor cells.
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in the peripheral blood, leading to the correction of
anemia and reduction in transfusion needs [20-23].

The common treatment schema of patients under-
going autologous gene modification and infusion is
shown in Fig. 2. Major steps in the treatment are
explained below.

Stem cell mobilization and collection: G-CSF and
plerixafor mobilized HSPCs (HPC-Apheresis) are
obtained in TDT patients by apheresis procedure as the
starting material for gene-modification. Plerixafor is
added upfront in the collection protocols, as it leads to
efficient mobilization of large number of stem cells in the
periphery and decreases the number of collection days
and procedures needed for adequate number of stem cells
to be collected for gene modifications [24,25]. Adequate
HSPCs can be collected from the TDT patients using this
combination, despite G-CSF dose reductions recommen-
ded in post-splenectomy patients to avoid hyper-
leukocytosis. HSPCs are collected via the leukapheresis
procedure and large volumes of blood (~15-20 L of
recirculated blood volume for adults or approximately
four total blood volumes in younger patients) should be
cycled per day, based on patient tolerability. Average
HPC-A collections over 2-3 days in thalassemia patients
can yield approximately 15-50×106 CD34+/kg (based on
experience from early clinical trials) which are adequate
for manufacturing and for storing a small fraction (≥2
×106 CD34+/kg cells) as an unmanipulated ‘back-up’, as
a safety precaution in case of non-engraftment with
modified HSPCs. The collected HSPCs undergo CD34+
enrichment process, prior to undergoing gene-modi-
fication.

Myeloablation: Efficient myeloablation of the expanded
erythroid pool in the bone marrow  of the TDT patients is
essential to create adequate space in the bone marrow
niches for adequate engraftment of gene-modified
HSPCs, as the gene-modified HSPC do not have a
selective survival advantage in thalassemia over the non-
gene-modified HSPC. Busulfan is currently the best
agent to achieve myeloablation, as the dose can be
tailored for each patient based on first dose
pharmacokinetics to achieve a standardized target dose
range required for myeloablation and to avoid excessive
extra-medullary toxicity and lymphodepletion.

Infusion of gene-modified stem cells: The gene-modified
HSPCs are usually cryopreserved in 5% dimethyl
sulfoxide (DMSO) solution. Once the final product meets
all the release criteria (sterility, viability, purity, and %
gene-editing frequency or vector copy number [VCN] for
gene-insertions), and minimum cell dose criteria (> 2-3×
106 CD34+/kg) needed for hematopoietic engraftment,

the cryopreserved cells are transported to the treatment
site. The cells are thawed and infused intravenously as per
standard infusion procedure for autologous stem cell
transplants.

Post-transplant care: Care in a specialized BMT unit is
recommended, as these patients do become neutropenic
and need transfusion support (packed red blood cells and
platelet transfusions). Close monitoring and supportive
care for busulfan related side-effects, especially mucositis,
nausea, infections and veno-occlussive disease (VOD) of
liver is recommended. Patients are discharged once they
achieve neutrophil engraftment, can eat, drink, and retain
their prophylactic medications. Since busulfan is myelo-
ablative but does not cause severe lymphopenia, infection
prophylaxis is only recommended for a short period post-
transplant. Currently, a 15 years follow up is required for
all gene-therapy trials as dictated by regulatory agencies in
US and EU. This long follow up is required to ascertain the
durability and safety of these experimental approaches.

Currently, the gene-therapy approaches can be
divided into two broad groups viz., gene-insertion, and
gene-editing approaches.

Gene-Insertion

This involves insertion of a lentiviral or retroviral vector,
that contains the whole regulatory machinery and the β-or
γ-globin producing genes, into autologous HSPCs ‘ex-
vivo’, and then infusing these modified HSPCs back to the
patient after myeloablation [26-28]. Though conceptually
straightforward, the field has techno-logically advanced
only recently, where the vectors (packaged with the large
HBB gene and its regulatory elements- promoter, enhancer
and parts of LCR) can now be produced at a large scale,
achieve high levels of purification and potency to transfect
large number of ‘non-proliferating’ human stem cells to
provide clinical meaningful responses [22,29]. For a long-
lasting correction and life-long production of erythrocytes
(with the hope of one-time curative treatment), the
insertions are done in HSPCs (CD34+ enriched popu-
lation, Milteyni), which includes the long-term repo-
pulating subsets of stem cells. For gene insertion into stem
cells, the globin producing genes are placed under the
control of an erythroid-specific promoter, so that the
transcription of the inserted genes can only occur in
erythroid precursors, and not in white blood cells or
platelets, which are also derived from the modified
hematopoietic stem cells [30].

There are multiple designed lentiviral vectors in
clinical trials now for β-thalassemia (Web Table I). Once a
significant number of HSPCs have been transduced and
infused back to a patient, it is expected that the
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erythrocyte progenitors derived from these modified stem
cells will produce enough β- (or γ) globin (depending on
the insertion) to combine with α-chains and reduce the α/
β imbalance.

Risks of Gene-Insertion

Since the vector insertions into the stem cells occur
randomly and remains largely an uncontrolled process,
there is a small risk that some insertions into human stem
cells can occur near proto-oncogenes and can stimulate
clonal proliferation leading to leukemia/myelodysplastic
syndrome (MDS) [31-33].  With the new optimized and
self-inactivating (SIN) lentiviral vectors, the insertions into
the human stem cells occur ‘semi-randomly’ i.e. lentivirus
insertions occur at preferential sites in the transcription units
of human genome, but still lead to polyclonal reconstitution,
compared to retroviral vectors that were associated with
high risk of insertional mut-agenesis [34]. All clinical trials
currently perform integration site analysis to monitor
patients of any emerging clonal population. Currently,
regulatory agencies require all patients treated with gene
therapies to be followed for a total period of 15 years, to
clearly establish the incidence of this risk. Fortunately, till
date, none of the patients treated with lentiviral vectors
have developed any leukemia or MDS related to lentiviral
vector insertions [35].

Results of gene-insertion clinical trials: All patients
treated recently have tolerated the conditioning regimen
with myeloablative doses of busulfan without any
unexpected toxicity. Approximately 10% of patients are
reported to have developed mild to moderate veno-
occlusive disease (VOD) of the liver related to
underlying liver fibrosis but have responded to
supportive care or defibrotide treatment. In the early
Phase 1/2 trials, all patients had engrafted, though
efficacy analysis of the first few patients treated with
BB305 lentiviral vector, showed variable responses and
total hemoglobin production. This variability is expected,
as patients with β-thalassemia have large genetic
heterogeneity due to varied mutations in the HBB cluster
and various genetic modifiers and therefore, the level of
hemoglobin required to become transfusion independent
is variable. The initial results of two concurrent trials
(HGB 204 and 205 using BB305 vector), show an
average production of 4-5 g/dL of HbAT87Q from the
gene-insertions (HbAT87Q is the gene-insertion derived
HbA that can be detected separately from transfusion
derived HbA by HPLC due to presence of one amino-acid
substitution: Threonine at 87 position instead of
Glutamine) [30]. An increase of hemoglobin by ~5 g/dL
is enough to lead to transfusion independence in HbE/β-
thalassemia and β0/β+ patients, but only leads to decrease

in transfusion requirements in β0/β0 patients, where there
is a need for higher levels of hemoglobin production to
become transfusion independent [22]. Ninety percent
(18/20 with >3 months follow up) of non-β0/β0 patients
treated show rapid rise in gene-derived hemoglobin
(HbAT87Q) production post-treatment, maintaining total
hemoglobin levels of  >9 g/dL (mean 11.6 g/dL; range
9.3-13.3g/dL), with transfusion independence [36].
Based on early encouraging results and safety profile, the
lentiglobin gene therapy (Zynteglo) was conditionally
approved in EU in June, 2019 for TDT patients with non-
β0/β0 genotype who are ≥12 years of age (this is still not
approved by FDA in US). The results for the β0/β0

patients are still under study (HGB 212 trial, NCT
03207009), but do show variable results with 8/11
patients followed for >3 months maintaining hemoglobin
above 9 g/dL, though it is still early to comment on
durability of the outcomes at this stage [37].

Gene-Editing

Availability of new tools and techniques in the last few
years is leading to a rapid development of gene-editing
approaches to ameliorate the anemia in thalassemia
patients. Last few years have seen advances in availability
of different engineered nucleases – zinc-finger nucleases
(ZFN), transcription activator-like effector nucleases
(TALENS), and clustered regularly interspaced short
palindromic repeats (Crispr)-associated-nuclease 9 (Crispr-
Cas9), which are  nucleases that act like mole-cular
scissors and cut the human DNA at precise locations [38-
40]. These nucleases differ in their precision, specificity,
efficiency, and ability to make single versus double
stranded edits in the target sequence of DNA. The major
differences between gene-insertion and gene- editing
platforms are highlighted in Table I.

Of these techniques, Crispr-Cas9 is the most
appealing, as it leads to precise double stranded breaks in
the DNA helix, using a pre-designed 42-nucleotide guide
sequence (Crispr guide), which has bases complimentary
to the target site of the desired break in the DNA [41-43].
The guide carries the Cas-9 nuclease to the target location
in the genome to make small edits. Electroporation of
Cas9 nuclease and single guide RNA (sgRNA) as a
ribonucleo-protein (RNP) complex leads to efficient
delivery of genome editing material into HSPCs [44].

BCL11A (the TF that controls the switch from HbF to
HbA and functions as a repressor of HbF) provides an
excellent target for gene-editing approaches for hemo-
globinopathies [45,46]. By suppressing BCL11A TF, it is
postulated that HbF production can be triggered again in
thalassemia patients to a sufficient degree to ameliorate
anemia and avoid transfusions.
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Making specific deletions in the erythroid specific
enhancer region of the BCL11A gene is a promising
approach that is being explored currently [47,48]. Two
programs to treat TDT are using either ZFN or Crispr-Cas9
platforms to make small deletions in the erythroid specific
enhancer region of the BCL11A gene located on
Chromosome 2. The major advantage of these platforms is
that they do not directly make edits in the HBB gene, as
they target the BCL11A gene, allowing the endogenous
regulation and sustained production of the globin proteins
to continue. These clinical trials are currently recruiting
patients.

Another approach to increase HbF production is to
recreate the mutations seen in patients with HPFH by
making gene edits in the HBB gene. This is achieved by: i)
creating small deletions e.g. in the γ-δ intergenic region
leads to significant enhancement of the γ-gene expression
[6]; ii) creating small deletions in the area of HBB cluster
where BCL11A binds (e.g. CCAAT box region), so the
effect of TF can be inhibited [49,50]; and iii) creating
point mutations in the β-globin promoter region that can
also lead to over expression of the mutated gene  [51].

Pre-clinical studies are currently ongoing using
Crispr-Cas12 platform to perform edits in the CCAAT
box of the HBB gene, which overlaps with the BCL11A
TF binding site, to increase the levels of HbF. This
approach requires a higher degree of precision (‘on-
target’ activity), so as not to disrupt the endogenous
production of globin proteins. Both the gene-insertion
and gene-editing methods, now scaled to human

applications, are in multiple clinical trials now (Web Table
I).

Pros and Cons of Gene-Editing Strategy

The main advantage of gene-editing (especially Crispr-
Cas9 or Cas12) platform is the high efficiency and
precision of the gene-edits made in the defined DNA
locus [52].The main drawback of gene-editing nucleases
is that they can make unintended edits in other parts of the
genome, what is called ‘off-target’ activity [53,54].
Despite their design for accurate target gene editing,
unintended off-target interactions between nucleases and
genome sequences can still occur. There are multiple cell
based and in-vitro assays and computational strategies
designed to assess the off-target activity of the guides and
nucleases and to predict their functional importance
during pre-clinical assessments [55-58]. The goal of
these pre-clinical assessments is to define the efficiency
of ‘on-target’ editing and ascertain risks of ‘off-target’
activity (if any) of a Crispr guide.

In addition to potential off-target activity, chromosomal
rearrangement events can also occur, due to double
stranded breaks induced during gene-editing [59]. There-
fore, serial karyotype analysis is also important during
follow-up to analyze chromosome instability of gene-
editing platforms.

The assessment of on-target, off-target and geno-
toxicity assays done in the gene-editing platforms is
specific to the guide and the nuclease used to make the
gene edits. Unlike the gene-insertion trials using

Table I  Pros and Cons of Gene-Insertion vs Gene-Editing

Parameter Gene insertion Gene- editing

Insertions/Edits Semi-random  Precise edits
Efficiency Moderate High for NHEJ
Therapeutic efficacy based on Transduction efficiency (VCN) In-del and NHEJ efficiency
MOA Produce HbA or F Produce HbF or Recreate HPFH
Delivery Lentivirus vectors transduction Extrapolation of Crispr- Cas9 nuclease +

sgRNA or mRNAs encoding specific ZFN
Regulation of gene expression Vector to provide promoters and regulatory Uses endogenous regulation

elements  of the HBB gene
Safety • Recombinant HIV • No risk of HIV

• Insertional oncogenesis • off-target’ activity
• Safety data can be generalized for all • Safety data is specific for the guide/

lentiviral vectors mRNA and cannot be generalized
Cost of goods High (viral vector manufacturing) Low (for NHEJ)

VCN-vector copy number (average insertion of the gene in HSPCs); In-del-small insertions-deletions at the site of edit that can be analyzed by PCR as
a marker of editing efficiency; NHEJ-non-homologous end-joining; MOA-Mechanism of Action; sgRNA-specific guide RNA (Crispr); off-target-an
unintended site of gene-edit, especially in a functional gene, ZFN-zinc finger nucleases.
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lentiviral vectors, the safety profile of the gene-editing
techniques cannot be generalized, as it is specific for the
guide and nuclease. Therefore, it is essential to keep this
caveat in mind when comparing adverse events of one
gene-editing clinical trial with another.

Long-term assessments of safety in clinical trials is
still the gold standard compared to the computational
models for analyzing off-target activity currently
available [55-57], as detection of an ‘off-target’ site
activity for a guide does not necessarily mean it will lead
to a clinically meaningful adverse event.

Results of gene-editing clinical trials: Gene editing is
currently undergoing phase I trials in humans. The results
of the first patient (β0/IVS-1-110 genotype) treated with
Crispr-Cas9 gene editing (CTX001 product) at 12-
months post-treatment show that the patient is transfusion
independent, with total hemoglobin level of 12.7 g/dL
(12.4 g/dL of Hb-F), and 99% erythrocytes in peripheral
blood expressing high levels of HbF (F cells) [60].

Therefore, it is essential to recognize that long-term
safety, durability, with continued transfusion indepen-
dence and improvement in quality of life with no further
requirement for chelation therapy, will decide which of
these platforms lead to optimal risk-benefit ratio for
acceptability.

PEDIATRIC PERSPECTIVES
Most of the Phase I human clinical trials of gene therapy
are initiated first in  adult patients (>18 years of age) who
can understand the risks and benefits of these approaches
clearly and consent to the experimental treatment. Once
safety is established in the initial cohort of adult patients,
the age can be lowered to include younger patients.
Currently, lentiviral gene insertion trials are enrolling
patients >12 years of age and the goal is to follow similar
regulatory strategy for other gene-editing trials, once the
initial safety data is available. The younger age limit
needs to be established, as it is not the busulfan toxicity,
but the risks of HSPCs collection via apheresis
procedures in very young patients (currently safety is
established for patients >20 kg without requiring any
blood priming or other safety precautions).

Since the ‘off-target’ effects of many of these gene-
editing strategies and the risk of insertional oncogenesis
may require a longer duration of follow-up in pediatric
patients to establish safety, therefore it is expected that for
many of these new experimental trials it may take longer
time for safety to be established prior to  approval in
younger patients.

It is also expected that younger patients may tolerate
busulfan myeloablation much better than older patients

with organ dysfunctions related to iron overload,
although the issue of fertility cryopreservation needs to
be discussed with individual families as part of the
consent process (as infertility is a common long-term
toxicity of busulfan and sperm or egg cryopreservation
options may be limited in younger patients compared to
adults). It is to be noted that the risks of infertility also
exist with allogeneic HSCT where chemotherapy based
conditioning regimens are utilized.

It is also important to note that correction of ineffec-
tive erythropoiesis is an important treatment goal for
young patients, other than transfusion independence, to
avoid complications of NTDT later in life.

Hence, it is envisioned that gene therapy may provide
an alternative option of treatment for younger patients
with TDT, especially in patients who lack well matched
(HLA) family donors and in countries where large natio-
nal bone marrow donor registries or cord blood banks do
not exist.

CONCLUSIONS

Recent advances in whole genome sequencing, an
understanding of the control and regulation of HBB gene
along with improvements in vector biology and manu-
facturing, availability of new gene-editing nucleases that
can lead to sufficient degree of gene modifications in
HSCs to achieve meaningful clinical benefit, has recently
led to multiple active clinical trials in patients. The early
data from these experimental trials looks promising with
potential to lead to a long-term durable transfusion
independence and one therapy has already been approved
in EU for TDT patients >12 years of age for non-β0/β0

patients. There is a hope that with the continued analysis
of safety, durability and with continued refinement of
manufacturing with improved efficiencies, gene therapies
could potentially address the global health burden of β-
thalassemia.

Note: Supplementary material related to this study is available
with the online version at www.indianpediatrics.net
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Web Table I  Listing of Current Gene Therapy Clinical Trials for TDT in North America and EU 

Trial NCT 
number 

Sponsor Phase Patient 
population 

Vector or 
platform/DP 

name 

MOA References 

NCT 
01745120 and 

02151526 

bluebird bio 

(HGB-204 and 
205) 

1/2 All TDT SIN Lentiviral 
vector, BB305 

(βA-T87Q) 

Increase 
HbAT87Q 

levels 

Thompson 
et.al, NEJM 

[24] 

NCT 

02906202 

bluebird bio 

(HGB-207) 

3 TDT with 
non-β0/β0 

genotypes 

SIN Lentiviral 
vector, 

BB305(βA-T87Q) 
with process 

improvements 

Increase 
HbAT87Q 

levels 

Thompson 
et.al, 2019  

[32] 

NCT 
03207009 

bluebird bio 

(HGB-212) 

3 β0/β0 
genotypes 

SIN Lentiviral 
vector, 

BB305(βA-T87Q) 
with process 

improvements 

Increase 
HbAT87Q 

levels 

Lal et.al, 
2019  

[33] 

NCT  
02453477 

IRCCS, San 
Rafael and 

Orchard 
Therapeutics 

1/2 All TDT 

(6-35 years) 

SIN Lentiviral 
vector 

(GLOBE)-βA- 
globin;  

OTL-300 

Increase 
HbA 
levels 

Marktel 
et.al, [51] 

NCT  
03432364 

Bioverative and 
Sanofi 

1/2 All TDT  
(18-40 years) 

Gene-editing of 
erythroid 

specific region 
of BCL11a  with 

ZFN; ST 400  

Increase 
HbF 

No 
publication 

NCT 
03655678 

Crispr 
Therapeutics 
and Vertex 

(CTX001-111) 

1/2 All TDT 

(18-35 years) 

Crispr-Cas9 
gene-editing of 

erythroid 
specific BCL11a 
region; CTX001 

Increase 
HbF 

Corbaciogl
u et.al, 
2020  

[60] 

Pre-clinical Editas Medicine TBD TDT Crispr-Cas12 
gene-editing of 
β-globin locus 

that binds 
BCL11a 

Recreate 
HPFH 

No 
publication 
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The new competency-based curriculum recognized the importance of leadership skills in physicians and has outlined competencies that
would lead to attaining this goal. To prepare the Indian medical graduates as effective healthcare leader, there is no universal approach; it
is desirable that the institutes organize the leadership competencies into an institutional framework and integrate these vertically and
horizontally in their curriculum in a longitudinal manner. We describe the rationale for incorporating formal leadership training in the new
competency-based undergraduate curriculum and propose a longitudinal curricular template utilizing a mixed/multi-modality approach to
teach and apply leadership competencies.
Keywords: Competency-based medical education, Physician leader.

MMMMM EEEEE DDDDD IIIII CCCCC AAAAA L  EL  EL  EL  EL  E DDDDD UUUUU CCCCC AAAAA TTTTT IIIII OOOOO NNNNN

The recently revised Graduate Medical
Education regulations (GMER) recognized
‘leader and member of the health care team and
system’ as one of the roles for the Indian medical

graduate (IMG) [1]. With a vision to develop an IMG who
is globally relevant, this was a desirable step. It was aligned
to Accreditation Council for Graduate Medical Education
(ACGME), which requires students to demonstrate the
ability to ‘work effectively as a member or leader of a
healthcare team or other professional group’ [2]. While
broad outlines are provided in the curriculum, steps to
implement the competencies and achieve goals is largely
the responsibility of each institute. We herein describe the
rationale for the inclusion of a formal, culturally sensitive
leadership training in undergraduate medical education,
and provide overarching principles of designing an
institutional framework for incorporating leadership
training in Indian medical colleges under the new
competency-based curriculum (CBME).

THE FRAMEWORK

Leadership Competencies

The first and foremost step is to identify the desired
leadership competencies and outcomes; these will then
serve as the basis for creating course objectives and further
guide the institutional framework and all subsequent details
like content and delivery of leadership training. Many
leadership competencies are already described in the new

curriculum [3]; however, these are not comprehensive and
institutes may need to reframe and expand them to
precisely describe the leadership competencies for their
students. Ideally a complete set of leadership competencies
should include self-management competencies (explo-
ration and management of self to develop greater self-
awareness and emotional intelligence), team management
competencies (under-standing principles of working colla-
boratively and leading teams in multi-professional environ-
ments), ability to work with healthcare systems and other
focused leadership competencies (e.g., leading change,
setting realistic goals) and behavior or transfer of learning
based competencies (e.g., demonstration as successful
team leader in actual conditions, networking) [4-8].

Teaching Learning Methods

Once competencies have been identified and defined; these
will then guide the learning experiences that will be used to
deliver the leadership training. Methodologies described
for leadership training are vast, methods such as group
discussions and collaborative work, interactive lectures,
sharing narratives, presentations, demons-trations, use of
media clips and role play activities have been used
previously [9-13]. Based on an extensive literature review
of teaching learning methods in leadership and teamwork
training [5,6,9-14] and from our experience of introduction
of institutional student leadership program [15], we
propose the following methodology for teaching learning
of leadership and teamwork principles:

Published online: April 17, 2021; PII: S097475591600314
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Activities designed to enable an exploration of self: ‘Who
you are is how you lead’ [5,13]; it is of foremost importance
that a leader knows and understands himself well so that he
can identify areas for improvement [4]. The leadership
journey for the student will require an in-depth
understanding of self so that one can constantly learn from
own experiences and deal with the volatile, unpredictable,
complex and ambiguous (VUCA) nature of heathcare
system [16]. We suggest tools such as SWOT analysis (for
self-exploration of one’s strength and weakness), changing
‘self-talk’ (for building self-image and improving self-
confidence, reflective writing (for developing deeper
knowledge of self) etc. in form of small group interactive
discussions to generate awareness of self and for
developing attributes like strong emotional intelligence and
resilience.

Activities designed to understand leadership and
teamwork principles: Ability to work with others in a team
has been identified as an essential skill for a leader [7]. We
suggest tools such as Myers Briggs type inventory (MBTI);
small group interactive activities aiming at highly specific
team related skills like Color blind, Mission to Burundi;
games based on group dynamics and stages of team
building; role plays based on difficult conversations,
conflict management, communication and negotiation
skills to help them learn about the underlying principles of
team management, group dyna-mics and common barriers
to effective team working [17,18]. Use of appreciative
leadership principles of inquiry, illumination, inclusion and
inspiration as a method of positive strength-based
leadership to create change would be a useful model [19].

Experiential learning: Team-based experiential learning
activities have been accepted to be the most effective for
practicing leadership skills [7,14]. Students are asked to
identify an issue or concern in clinical, community or
educational setting and execute its solution through a
standard framework that includes defining the problem,
communicating with team members and stakeholders,
preparing a timeline, deciding a solution to the problem and
implementation strategy. However, before designating any
assignment as team task, it is important to understand the
concept of ‘task interdependence’ i.e., the extent to which
team members depend on one another for task completion;
if a task is insufficiently complex and can be completed by
an individual working alone, then it should not be labelled
as a team task [20]. Some examples of team based
experiential learning tasks are student leadership activities
like leading a team for a seminar or a competition, leading
and participating in inter-professional teams in hospitals or
rural or mobile units, participating in audits and utilizing
clinical practice guidelines to plan comprehensive effective
patient care in multi-disciplinary settings.

Reflective practice: Reflecting on an experience and
subsequent analysis facilitate incorporation of behavioral
changes into practice, help in exploring its relevance to past
personal experiences and identifies opportunities in future
to achieve more desirable outcome [17,18,21]. Equally
important is the concept of team reflexivity; there is
evidence that regular team reflexivity helps in improving
organizational outcomes in healthcare [22].

Clinical and community postings: Not every opportunity
for teaching of leadership skills needs to be formal and
explicit; there are certain very informal and readily
available opportunities in our medical curriculum which
can be well utilized. Clinical care rounds are the most
commonly identified curricular approach in literature
towards teaching leadership and teamwork by specifically
demonstrating the roles, responsibilities and interactions
among members of multidisciplinary teams in fulfilling
needs of patients [23]. Similarly, much of leadership and
teamwork content can also be folded in the form of
community healthcare responsibilities by providing an
opportunity to appreciate teamwork principles associated
with patient management and safety challenges in
community settings. Structured reflections could be
obtained to understand how the students benefitted from
the clinical and community postings.

Opportunity for networking and near peer assisted
teaching learning: Peer networking refers to a network of
like-minded individuals who can support, encourage and
offer opportunities to each other to learn and develop and
also to take on new leadership roles [24,25]. Networking
with senior leaders provide a wide range of contacts, offers
an entirely diverse range of perspectives, and can provide
powerful supplementary teaching mechanisms for
leadership development [13,14].

We believe participants in leadership training will learn
best through multi modal learning strategies involving
active participation. Institutes need to identify
methodology for leadership training in alignment to the
respective learning objectives and availability of institu-
tional resources. Readers are referred to some other
publications for more detailed discussion of teaching
learning methodology for leadership [10,18].

Assessment Methods

The assessment plan should focus on leadership
competencies pre-identified and defined in the insti-
tutional framework. During the clinical/community
postings, students can be asked to reflect on any one
incident wherein team-based care had a positive effect on
patient care and another incident where dysfunctional team
collaboration and failure of effective communication
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Questionnaire-based feedback usually target participants’
perceptions (Kirkpatrick level-1) and thus may not truly
represent effectiveness of the program; targeting level-2
(learning of leadership skills) and 3 (transfer of learned
skills to real life situations) is desirable. This can be well
achieved through evaluation of the experiential learning
activities and ensuring long term follow up for concrete
results like changes in organizational practices.

The Timetable

Three block experiences can be created and incorporated
in the timetable vertically and horizontally in the CBME
viz., block-1 for introduction to basic teamwork and
leadership principles, block-2 for experiential learning
through clinical/community postings and electives and
block-3 for networking and mentoring.

Block-I: Introduction to key leadership and teamwork
principles: Extracurricular hours in phase-I and II can be
utilized for introducing participants to key self-manage-
ment and team management principles longitudinally
through methodology as described earlier. Timings and
duration of individual sessions can be decided by the
institute; however, group size should not exceed more than
fifteen students to ensure an effective interaction of all
participants. Sessions of self-management should precede
those of team management, following the basic principle
that one needs to manage ‘self’ first and then ‘others’.
Reflective practice needs to be initiated early and
practiced throughout; sufficient opportunities for this are
already available in the curriculum e.g., small group
teaching activities such as problem-based learning
sessions and tutorial/seminar presentations can be
explored as opportunities for leadership training from the
first year onwards. Anatomy dissection teams are their first
professional exposure to teamwork and a good
opportunity to illustrate basic principles of group
dynamics. Discussions can be initiated on how to define
roles and responsibilities of members, identify one’s own
leadership style, establish team goals, lay down strategies
for improved team performance, illustrate success and
frustrations within the team etc. Similarly, in second
professional year, when the clinical postings are initiated, a
pharmacology session can be integrated with clinical case
discussion wherein the student learns the use of available
literature in pharmacology to plan an effective
multidisciplinary treatment plan for the patient.

Block-2: Experiential learning through clinical and
community postings and elective posting: Further
leadership training can be continued as an optional 4-weeks
elective (block-1) through the leadership cell; since
students will also be continuing their clinical and
community postings, there will be lots of opportunities for

amongst team members and leader resulted in a major lapse
in patient care. While the students are learning to reflect on
an experience, it is important to make them understand to
go beyond a mere description of events; instead, they
should analyze and gather critical evidence of learnings
from the event and how they will apply these learnings for
their development as a leader. Students should be
encouraged to undertake various change initiatives in
hospital and community settings; these can be discussed in
the student leadership cell, highlighting the key areas of
teamwork and deliberating on the leadership challenges
that were involved. These can be assessed by reflective
writing assignments and scored by a rubric, with a pre-
decided score designated for a particular level of
competency. E-portfolio can be used for the whole
documentation process including various reflective writing
sessions, experiential learning activities with critical
analysis and comments for satis-factory performance,
record of student’s participation in other leadership
activities like student organizations and community
participation.

An important point to ensure is that students are being
assessed on ‘doing’ in addition to ‘learning’ of leadership
traits. During the implementation of leadership program at
our institute, the participants completed at least one team
based experiential learning assignments in hospital and/or
community settings with multisource feedback on the
assignments [15]. These were presented in the student
leadership cell and critically analyzed by a panel of faculty
members; those who performed exceptionally well were
felicitated by institutional student leadership awards.
Table I describes a few leadership competencies from the
document [3] and suggests the corresponding teaching
learning and assessment methods. These are just
suggestions and it is up to the institute to decide how to
approach the particular competency. If required, any of the
validated leadership assessment instruments readily
available in literature may be utilized [26], ensuring that it
is aligned with the institutional framework and the pre-
decided leadership model.

Evaluation

We suggest a mixed method design including both
quantitative and qualitative methods of evaluation.
Qualitative methods of evaluation like focus group
discussions, structured interviews or interactive feedback
sessions are helpful in understanding of students’
perspectives and the underlying factors, which makes the
whole learning process effective. In our leadership
program, students shared their leadership journey though
reflections written at the end of each session which were
later qualitatively analyzed through content analysis [15].
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Table I Competencies for Leadership Role of Indian Medical Graduate

Learning objectives Suggested teaching learning Suggested assessment methods
methodologya

3.2.1 Work effectively and appropriately with colleagues in an inter-professional health care team respecting diversity of roles,
responsibilities, and competencies of other professionals.
Participants will be able to appreciate their own leader- Myers-Briggs Type Indicator Formative assessment of reflections
ship style and that of the team members and how to use (MBTI) (Workshop in designated and narrative writing using rubrics
this to manage team, identify individuals’ type pre- extracurricular hours)
ferences and capitalize on their leadership strengths in
leading and working successfully with others.
Participants will be able to attend and observe multi- Clinical placement and observation Formative assessment of reflections
disciplinary team meetings to understand principles of of role models and experiential and narrative writing using rubrics
effective working of an interprofessional team in a posting
clinical setting.
Participants will be able to have a hands-on experience of Experiential learning assignment Multi-source formative feedback;
working in/leading an interprofessional team effectively. (clinical setting) formative assessment of discussions

and presentations in the Student
Leadership Cell.

3.2.2 Recognize and function effectively, responsibly, and appropriately as a health care team leader in primary and secondary health
care settings
Participants will be introduced to effective small work Team building and group dynamics Formative assessment of reflections
group and its stages of formation; define an effective (Workshop in designated extra- and narrative writing using rubrics.
team and recognize where group performance is more curricular hours)
effective than individual work; describe the stages of
team work and identify actions that move the groups
through various stages.
Participants will be able to understand principles of Community placement and obser- Formative assessment of reflections
leading healthcare team effectively in primary and vation of role models and and narrative writing using rubrics
secondary health care settings. experiential posting
Participants will be able to have a hands-on experience Experiential learning assignment Multi-source formative feedback
of leading healthcare team effectively in primary and (community setting)
secondary health care settings.
3.2.3 Educate and motivate other members of the team and work in a collaborative and collegial fashion that will help maximize the
health care delivery potential of the team.
Participants will be able to appreciate difficult conver- Small group interactive activities/ Formative assessment of reflections
sations and principles of Conflict management using a role play on difficult conversations, and narrative writing using rubrics
specific model to resolve conflict (e.g. HEAL-IT model) conflict management (Workshop in

designated extracurricular hours)
Participants will network with peers and near peers with Near peer assisted learning, role Team reflexivity with feedback from
shared objectives for activities and responsibilities within modelling and networking through supervising faculty
the college, involvement with social groups and organi- student leadership cell
zations; aimed to provide students with an opportunity to
develop experience of leadership, and to understand how
effective leadership will have an impact on the system
and benefit patients as they move from learner to
practitioner
3.2.4 Access and utilize components of the health care system and health delivery in a manner that is appropriate, cost effective, fair
and in compliance with the national health care priorities and policies, as well as be able to collect, analyze and utilize health data.
Participants will be able to understand national health Participating in national groups/ Formative assessment of reflections
care priorities and policies in relation to community needs societies, interaction with senior and narrative writing using rubrics

students who have leadership posi-
tions in the field, mentoring by a
senior leader in the field

Contd..
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reinforcement and application of what has been learnt.
Specific modules can be developed in community health or
chronic illness or in emergency medicine with pre-defined
learning objectives e.g., the chronic diseases modules can
be used to understand the importance of working with other
health professionals, while at the same time, having a
particular health care professional as patient’s care
coordinator. Small group discussions, student presentations
and reflections may be used and students can be given
exercises addressing leadership and teamwork directly
related to the modules. Above all, this is the most
appropriate time for students to ‘do’ what they have learnt,
they should complete at least two team based experiential
learning assignments during the elective posting; examples
and assessment methods of team based experiential
learning assignments have already been discussed.

Block-3: Networking and near peer assisted learning: In
third professional year part-2, students with particular
interests can attend activities held by the leadership cell
outside curricular hours and undertake activities for
bringing changes in organizational practices, they also
continue networking and mentoring the new participants.
Members of the club can meet once in a month or
fortnightly to discuss and deliberate on various teamwork
and leadership related issues.

The Rationale

Medical students have always been expected to evolve as
physician leaders and take on leadership roles from the
beginning of their professional career; it is ironical that the
traditional undergraduate medical curriculum did not
address leadership training formally. Recognition of
‘leader and member of healthcare team’ as a role for the
IMG in the new CBME curriculum is a much-desired move
towards ushering in formal leadership training; however,
there are a few questions that need to be addressed before
planning leadership training. The first and foremost is
‘whether leadership can be taught’; if yes, what leadership
models will guide the whole process? What will be the

goals for the program and what will be the most effective
learning experiences to achieve them? When should the
training be initiated and how will the leadership
competencies be assessed? We have tried to address these
questions while proposing this longitudinally incorporated
framework for leadership training. Yes, leadership does
consist of a series of definable skills that can be well taught;
while a few may have inherent characteristics that make
them better leaders, adequate training and experiences
could create successful leaders [7,27]. Different models
and theories like transformational leadership, authentic
leadership, servant leadership, self-leadership and
appreciative leadership have their own characteristics
[7,26,28-30]; it is important to develop feasible models for
various branches of health-care, in different regions of the
country for respective institutions. Another important point
to consider is ‘when’ and ‘how’ to introduce this training;
one school of thought is that once negative perceptions
develop as a result of negative role modelling during
clinical postings, it becomes more difficult to change; other
school of thought is that such training will be effective only
when sufficient clinical experience has been gained [17].
There is no approach which is specifically ‘right’ or
‘wrong’; it is essential that the institute has a clarity for the
specific aims of the program and design the framework
accordingly. Having an institutional commitment is
desirable; Janke, et al. [8] emphasized the importance of
weaving leadership development into the mission and goals
of the institute; including financial support, support of
administrators responsible for resource management, in-
organization recognition awards and appropriate faculty
development and reward systems [8].

Leadership training is not just meant to prepare
students for particular leadership roles; instead, it is
targeted to develop strong personal and professional values
and a range of non-technical skills such as communication
skills, strong emotional intelligence, negotiation skills, etc.
which will allow them to lead across professional
boundaries and influence many facets of life including

learning objectives Suggested teaching learning Suggested assessment methods
methodologya

Access and utilize components of the health care system Experiential learning assignment Multi-source formative feedback
and health delivery in a manner that is appropriate, cost (based on data audit)
effective, fair and in compliance with the national health
care priorities
Participants will be able to collect, analyze and utilize Near peer assisted learning, role Team reflexivity with feedback from
health data and have an opportunity to influence the modelling and networking through supervising faculty
decision-making process student leadership cell

NMC: National medical commission. aSessions on self-management and reflective writing to precede any session on team management.

Table I contd.
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healthcare [4].  Any one-time opportunity for development
of leadership will not be sufficient and the importance of
providing continuous opportunities for practicing
leadership skills, networking and mentoring cannot be over
emphasized. There are student bodies, student clubs,
community and other group activities in almost all medical
schools; these opportunities can be explored and utilized
for formal leadership training. Chaudry, et al. [31]
proposed a medical leadership society at medical schools
as an easier to implement solution to cater to the growing
demand for leadership training for students who
demonstrate a special interest in leadership. We suggest the
introduction of student leadership cells with opportunities
for networking and peer mentoring to keep them engaged in
leadership activities in different stages of professional
development.

Challenges and Limitations

Some institutes may already have one or the other formal or
informal leadership program in place; however, if such
training is being introduced for the first time in the institute,
many challenges would be expected. Hiring professional
managers or trainers might work as a one-time solution to
initiate the program but if it has to run as an institutional
program, it is important that faculty members are
sufficiently trained. There will be requirement of faculty
development activities targeting leader-ship skills to help
the faculty develop as trainers as well as role models. In the
initial phase of introduction of leadership training, not
having sufficient number of trained faculty in the institute
will be a major limitation. Under such circumstances, if
training is made compulsory for all students, it will tend to
inherently dilute the quality and the whole drive because
there will simply be too many students and too less trainers.
On the other hand, if only a few students are included, the
whole concept of including leadership as a core
competency for students will not be fulfilled. As an
intermediate solution, we suggest utilizing near peer
mentoring through the institutional leadership cell till the
faculty development program on leadership is completed.
Furthermore, we will be mistaken by assuming that any
one-time course will make our students evolve as leaders;
to achieve this goal, longitudinal integration of leadership
training in the curriculum is to be ensured. This will require
meticulous planning and involvement of all the
stakeholders i.e., members of curriculum committee and
medical education unit and other faculty members. Another
major challenge will be evaluation of the program. As
discussed earlier, only quantitative form of evaluation will
not be sufficient and more of qualitative information
targeting higher Kirkpatrick’s levels of learning will be
required; this will create severe time limitations. Above all,
long-term follow-up and evaluation will be needed to

provide concrete results in the form of change in
organizational practice as a result of leadership training.

CONCLUSION

The new competency-based curriculum not only addresses
a well-recognized gap in our medical undergraduate
training by recognizing the role of ‘leader’ for the IMG but
also provides scope for formal leadership training in the
already crowded undergraduate curriculum, through
dedicated extracurricular hours and electives. It is exciting
to propose a formal framework for explicit leadership
training including team training, community and clinical
experiences, student leadership opportunities, experiential
learning, mentoring and networking. The framework can be
finalized by the institute itself according to its own desired
competencies, preferred teaching methods and available
resources. We believe that this framework could be aligned
with the current curriculum, without stretching either the
time or the resources. It is of foremost importance to have
institutional commitment and develop a supportive atmos-
phere, conducive for the students to evolve as leaders and
for faculty as role models through administrative and
financial support, appropriate allotment of resources, and
training and incentives for faculty.

Funding: None; Competing interest: None stated.
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NOTIFICATION FOR FELLOWSHIP COURSE IN PEDIATRIC INTENSIVE CARE,
PEDIATRIC EMERGENCY MEDICINE AND PEDIATRIC PULMONOLOGY

2021 – 2022 SESSION
The Institute of Child Health and Hospital for Children, Egmore,Chennai is conducting one year post doctoral
fellowship courses in Pediatric Intensive Care, Pediatric Emergency Medicine and Pediatric Pulmonology
under the Tamilnadu Dr MGR Medical University. These courses will impart specialised knowledge in all
aspects of pediatric intensive care and pediatric emergency medicine. The pediatric intensive care and pediatric
emergency medicinetraining will empower the candidates to independently manage critically ill children and
help establish pediatric intensive care and pediatric emergency medicine departments at other medical colleges
and in district hospitals. The Pediatric Pulmonology training will empower the candidates to manage Pediatric
pulmonology cases and Bronchoscopy.

The eligibility for the course is MD(Pediatrics) / Diploma in National Board (Pediatrics)

Name of course (Post doctoral fellowship) No of seats course duration
1. Pediatric Intensive Care 2 1 year
2. Pediatric Emergency Medicine 2 1 year
3. Pediatric Pulmonology 2 1 year

Out of the two seats one will be allotted to service candidate and one will be allotted to private candidate in
each course. If seat is not filled up in one category the seat will be allotted to eligible student from other
category.

The course fee is Rs 50,000 [Rupees Fifty Thousand only] for all candidates. This should be paid at the time
of admission, as demand draft favouring “The Director and Superintendent”, Institute of Child Health and
Hospital for Children, Egmore, Chennai. 600008.

Selected service candidates will be deputed for the course and they will be eligible for pay and allowances as
per GO. MS. No.156 dt 22.6.2011.

The application form can be downloaded from the Tamilnadu Dr MGR medical university website
www.tnmgrmu.ac.in  The rules and regulations of the fellowship course and eligibility criteria are clearly given
in above mentioned website.

The filled up application along with a DD for Rs1000 in favour of “The Director and Superintendent, Institute
of Child Health and Hospital for Children” should be sent to the following address and superscribed as

‘APPLICATION FOR FELLOWSHIP IN PEDIATRIC INTENSIVE CARE, PEDIATRIC EMERGENCY MEDICINE
AND PEDIATRIC PULMONOLOGY

Director and Superintendent, Institute of Child Health & Hospital for Children,
Halls Road, Egmore, Chennai 600008.

“Service candidates should submit theapplication through proper channel.”

Last date for submission of application : 10/08/2021 at 5 pm
The date of entrance exam will be : 23/08/2021 at 10 am

Venue: Institute of Child Health and Hospital for Children, Egmore, Chennai 600008.

Course commencement : 8th September, 2021

The qualifying examination will be of 3 hours duration with total 100 MCQ.
Pediatric Intensive care  from General Pediatric and Pediatric Intensive care.
Pediatric Emergency Medicine from General Pediatric and Pediatric Emergency Medicine.
Pediatric Pulmonology from General Paediatric and  Pediatric Pulmonology.

For further details please contact

For Pediatric Intensive care, Dr V Poovazhagi : 9840033020 poomuthu@gmail.com
Emergency Medicine, Dr R Ezhilarasu : 9841021018 elilarasu74@gmail.com
Pulmonology, Dr Sarath Balaji : 9443697844 sarath1731@gmail.com
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Levels of Aminotransferases Among
Schoolchildren in Jaipur, Rajasthan

Several studies have suggested that the upper limit of normal
aminotransferases should be revised [1,2]. In the past seven years,
several approaches have been made to establish new reference
intervals or thresholds for liver enzymes in children [3-7], but
most of these were for Western population. With the assumption
that the current reference range for amino-transferases may need
revision, we conducted this study to evaluate the normal values of
aminotransferases in school children aged 2-18 years.

This school-based cross-sectional study was carried out in
Jaipur in the year 2019 after institutional ethics committee
clearance. Three schools were selected randomly from rural areas
and two schools from urban areas of Jaipur, Rajasthan. Study
population included children aged 2-18 years, after parental
written consent. A total of 590 children and adolescents were
initially screened. During the screening, participants were asked
a comprehensive questionnaire regarding their basic

demographic information, medical history including current
history of febrile illness, medication use (including ayurvedic,
growth and apetite stimulators) and social information which
included age, sex and history of previous liver disease. Clinical
history and general physical examination was done based on a
predefined proforma. Height, weight and triceps skin fold
thickness (by skinfold caliper) were measured. Five milliliter of
non-fasting venous blood sample was collected and processed
within 4 hours. We excluded 149 study subjects (active viral
upper respiratory infection, 14;HBsAg positive, 5; IgAtTG
positive, 7; those with aminotransferses values >3 standard
deviation, 16; BMI less than 10th percentile, 50; BMI 90th

percentile, 57) [7]. Finally, aminotransferases levels of 441
subjects (165 males) were analyzed.

Student t test and ANOVA (one-way analysis of variance) test
followed by post hoc test were used for comparing the difference
between the various groups. Pearson correlation was conducted
to examine the relationship between aminotransferase levels and
various parameters like age, sex, body mass index (BMI), triceps
skin fold thickness etc.

Mean (SD) age of study subjects was 12.3 (7.4) years, and
for analysis, we divided study subjects to different age groups (2-
5, 6-8, 9-11, 12-15 and 16-18 years) with 22, 57, 77, 195, and 90
study subjects in each age group, respectively. Median (IQR)
AST and ALT values in study subjects were 30 (27- 34) U/L and
23 (19-29) U/L (Table I). However, Poustchi, et al. [3] reported
median ALT for boys and girls to be 16 U/L and 13 U/L which
were quite lower than our median ALT values. The difference
between sexes was statistically significant, similar to previous
studies [4,7]. We found upper limit of normal (97th percentile)
AST and ALT to be 44 U/L and 40 U/L, which were somewhat
similar to as described by England, et al. [4] 40 and 35,
respectively, but were higher than those reported by Dehghani, et

We did cross-sectional study for normal values of amino-trans-
ferases in school children aged 2- 18 years. Median (IQR) AST
and ALT values in study subjects were 30 (27- 34) U/L and 23 (19-
29) U/L. We also provided age-and sex-related percentiles of
aminotransferases of children. We observed a peak of median
AST serum values in the age group 6-8 years followed by continu-
ous decline with increasing age. While in ALT, we observed maxi-
mum values in age group 2-5 years followed by continuous de-
cline. There was a statistically significant difference in values of
amino-transferases between sexes.
Keywords: Aspartate aminotransferase, Alanine aminotrans-
ferase, Normal values.

Table I Aspartate Aminotransferase and Alanine Aminotransferase (ALT) Percentiles Values Among School Children (N=441)

Study Population           Aspartate aminotransferase levels (IU/L)                                     Alanine aminotransferase value (IU/L)
3rd Median (IQR)  97th 3rd Median (IQR) 97th

All childrena 21 30 (27-34) 44 15 23 (19-29) 40
Male 23 32 (28-34) 46 17 27 (22-32.3) 42
Female 21 29 (26-33) 43 15 21 (18-27) 38
Age groupb c

2-5 y 26 32 (27-36) 42.8 18 31 (24-33.7) 40.8
6-8 y 25.7 33 (29-37) 47.3 17.5 27 (22-31.5) 41.3
9-11 y 23.3 30 (27-33) 43 16 26 (21-32) 41.7
12-15 y 20.9 29 (26-32) 45.1 15 21 (18-27) 40.1
16-18 y 20.7 29 (26-33) 43.3 14.7 22 (18-27) 38.3
aP<0.01 for comparison between males and females for both AST and ALT, bP=0.01 for comparison between 6-8y and 9-11y age-group for AST and
cP=0.02 for 9-11y vs 12-15y for ALT.
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al. [5] (29 and 21, respectively).

We observed peak of median AST serum values in age group
6-8 years followed by continuos decline with increasing age.
However in a study by Bussler, et al. [7], the AST serum values
were showing peak at age group 1-3 years followed by continuos
decline with increasing age. While in ALT, we observed
maximum values in age group 2-5 years followed by continous
decline and we did not find any peak around puberty. The initial
decrease in ALT has also been described by previously [4], and
apart from the missing ALT peak in early puberty in boys, Zierk, et
al. [6] presented similar patterns of ALT with age. However,
others reported initial fall in ALT with increasing age followed by
peaking around puberty [7].We found that both AST and ALT
were significantly negatively related to age (P<0.001). Bussler, et
al. [7] showed that AST also decreases with increasing age, with
no significant effect of age on ALT. Reverse association of ALT
increase with increasing BMI, with weak negative association
with AST was previously reported [7], but we did not observe
such an association.

We provide age- and sex-related percentiles of amino-
transferases of children from a limited data set from a single center
in Northern India. In addition to the small sample size, our sample
was not equally distributed between males, females and different
age groups, so it was not representative of the population. Also,
our data cannot be generalized to others parts of the country. We
did not use ultrasound or fibroscan to exclude pediatric non-
alcoholic fatty liver disease (NAFLD). We didnot do C-reactive
protein levels to exclude occult sepsis. Tanner staging was not
done to see effect of puberty on transaminases. We did not take
into account the other factors like timing of day, effect of exercise
and day to day variation of aminotransferases. However, our
findings underscore the need for large multi-centric studies to
document normal aminotransferase levels children.

Contributors: SN, GKG: Concept and designed the study; SR,

SS, GKG: Analyzed data and drafted the manuscript; SR, KD:
Collected the data and helped in data analysis.
Ethics clearance: IEC, SMS medical college; No 64IMC/RC/
2019, dated November 15, 2019.
Funding: None; Competing interests: None stated.
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Clinical Profile of Adolescents With
Delayed Puberty

One year study on forty-eight adolescents with delayed puberty
revealed etiology of constitutional delay, hypogonadotrophic hy-
pogonadism (HH), hypergonadotrophic hypogonadism, chronic
systemic disease, hypothyroidism and sex reversal in  14(29.2%),
13 (27%), 12 (25%), 5 (10.4%), 3 (6.3%) and 1 (2.1 %) cases, re-
spectively. Earlier presentation, male preponderance, significant
normal variants and utility of GnRH analogue testing observed.
Keywords: Hypogonadism, Pubertal disorder, Thelarche.
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and from some parts of India [4]. Hence, we conducted this study
between June, 2017 and May, 2018 to describe the clinical,
biochemical and radiological profile of adolescents with delayed
puberty in a tertiary care hospital in Southern India.

After approval from the institutional ethics committee,
adolescents referred to an endocrine clinic with delayed puberty
or delayed sexual maturity rating were recruited. Delayed puberty
was defined as absence of thelarche by 13 years or no menarche 5
years after thelarche (girls) or no progression of secondary sexual
characters for 18 months after onset of puberty [5], or no testicular
enlargement (≥4mL) by 14 years (boys). Details of age, sex,
history of pubertal onset, growth, systemic disease, family history
of delayed puberty and previous illnesses were retrieved.
Anthropometric measurement and sexual maturity rating (SMR)
assessments were performed on girls with minimal clothing in
complete privacy with a female staff nurse and mother, for boys in
the presence of father. Breast stage and pubic hair (in girls) and
testicular volume (using Prader orchidometer) and gonadal stage
(in boys) were classified into stages described by Tanner [6].

Delayed puberty has heterogeneous etiology in adolescents. Data
on delayed puberty are available from the Western world [1-3]
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Subjects underwent baseline biochemical evaluation for
systemic diseases, thyroid profile, bone age assessed using the
Greulich Pyle atlas in those with short stature, and ultrasound to
assess pelvic organs in girls [7]. Hypothalamo-pituitary gonadal
(HPG) axis was assessed by luteinizing hormone, follicle
stimulating hormone and serum estradiol (in girls), and serum
total testosterone (in boys). Serum estradiol >10pg/mL and
testosterone >25ng/dL was considered as pubertal onset. Those
with inconclusive LH (<0.65 IU/L) and FSH (<1.2 IU/L)
underwent gonadotrophin analogue (GnRHa) stimulation test to
distinguish hypergonadotrophic hypogonadism (HH) from
constitutional delay of growth and Puberty (CDGP) [8,9].
Children with HH also underwent MRI brain. Human chorionic
gonadotrophin stimulation test (hCG) was performed to assess
leydig cell function in males with dysgenic gonads.  Pubertal
induction with testosterone (50 mg intramuscularly) and estrogen
(2.5 mcg ethinyl estradiol or 0.25 mg estradiol valerate on
alternate days) was done in hypogonadism and subjects were
followed-up.

A total of 48 adolescents (27 males) with mean age (SD) of
15.5 (1.0) years (males, 15.3 year and females 15.8 years) were
studied. Delayed sexual maturation, no progress of maturation
and no menarche, was noted in 77.1%, 10.4% and 12.5%,
respectively. The etiology was CDGP, HH, hypergonado-trophic
hypogonadism, chronic systemic disease, primary hypothy-
roidism and sex reversal in 14(29.2%), 13(27%), 12(25%),
5(10.4%), 3(6.3%) and 1(2.1%) cases, respectively.

GnRH analogue testing was performed in twelve subjects
(68% had flat gonadotrophin response suggesting HH and 34%
had normal pubertal response suggesting CDGP). An increment
in height z-score of +0.4 was seen in three subjects with CDGP
treated with intramuscular testosterone (owing to significant
psychological distress) vs +0.3 in eight with spontaneous puberty
after 12 month follow-up. Pubertal progression was noted in all
on follow-up. One patient each with Crohns disease, type-1
diabetes mellitus, congenital adrenal hyperplasia (CAH),
systemic lupus erythematosus (SLE) and primary
immunodeficiency had delayed puberty where control of the
primary disease was the primary strategy. Oral estrogen was
initiated in one adolescent with SLE, steroid dose modification in
CAH and thyroxine replacement in primary hypothyroidism.

Thirteen (27%) subjects (10 boys) had HH (9 with
panhypopituitarism). The etiological profile was non-syndromic
in 9. Kallman syndrome 2, Prader Willi syndrome 1 and Bardet
Biedl syndrome 1. Multiple pituitary hormone replacement (sex
hormone, growth hormone, cortisol, thyroxine and desmo-
pressin) and pubertal induction, resulted in height z-score
increment of +0.6 and +0.15 in subjects with multiple pituitary
hormone deficiency and isolated HH, respectively.

Hypergonadotrophic hypogonadism was seen in 12
adolescents (median age 15.4 years; 8 females) with mean (SD)
height SDS of –3.2 (0.9). These included Turner syndrome in 5,
Klinefelter syndrome in 2, bilateral anorchia in 1, primary
gonadal dysgenesis in 3 and post intracranial tumor therapy in 1.
Three subjects with Turner syndrome had co-morbidities (solitary

left kidney, horse shoe kidney and aortic valve abnormality in one
subject each). One adolescent with delayed puberty had complete
androgen insensitivity synd-rome and was initiated on oral
estrogen.

In our series, normal variants predominated among the cases.
A similar prevalence of 17.9% to 68% of normal variants was
observed earlier [1,4]. Puberty being an important milestone in
southern India leads to increased health seeking behavior of
families. Boys with delayed puberty have low self-esteem and
reduced peer contact leading to earlier health seeking behavior
[10]. Hence, we observed a higher male preponderance in HH.
Need for pituitary hormone replacement in majority of subjects
with HH and significant co-morbidities in few with hyper-
gonadotrophic hypogonadism, highlights the need for detailed
systemic evaluation in delayed puberty.

Ethics clearance:  Mehta Multispeciality Hospitals IEC; No.
IRB-MCH/10/2017, dated April 4, 2018.
Contributors: HKP, NK, KN: clinical management; AS: data
collection; AT: bone age assessment and ultrasound perfor-
mance. All authors read and approved the final manuscript.
Funding: None; Competing interest: None stated.
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Clinical Profile and Outcome of COVID-
19 Among Immunocompromised
Children

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) infection in children manifests as mild to moderate disease
with low fatality [1]. There is limited information about
susceptibility to SARS-CoV-2 infection, clinical profile and
outcome among immunocompromised children in India.
Published literature has revealed milder disease and favorable
outcome without discontinuation of immunosuppressive medi-
cation in these children [2-6]. We, herein describe the clinical
features and outcome of immunocompromised children
diagnosed with SARS-CoV-2 infection at our center.

This was a retrospective analysis of data from 1 June to 31
October, 2020 at a tertiary care center of a teaching hospital.
The analysis was approved by institutional ethics committee.
All children admitted during the study period were screened for
SARS-CoV-2 infection and those who were diagnosed with
coronavirus disease 19 (COVID-19) were classified into
immunocompromised and immunocompetent. All immuno-
compromised children in the present study were either on
anticancer drugs or immunosuppressive therapy for kidney
diseases, and fulfilling criteria for immunocompromised state
[6]. The variables extracted from the hospital records were age,
gender, presenting symptoms, complications, severity of
illness, diagnosis, laboratory investigations, imaging findings,
treatment and outcome. The diagnosis of COVID-19 was made
by positive reverse transcription polymerase chain reaction
(RT-PCR) test for SARS-CoV-2. The severity of illness was
classified as per guidelines given by Ministry of Health and
Family Welfare, Government of India [7], and children were
treated as per unit protocol without alteration in immuno-
suppressive treatment regime. Proportions were compared
using Fisher exact test.

Data of 409 children were extracted during the study
period; 162 (396%) of these were immunocompromised. Of the
409 children, 26 (6.3%) were diagnosed with SARS-CoV-2.
Data of one child was incomplete and he was excluded from the
analysis. The proportion of SARS-CoV-2 positivity in immuno-
compromised and immunocompetent children was 16 (9.9%)
and 9 (3.6%), respectively [OR (95% CI) 2.89 (1.24-6.73);
P=0.01]. Comorbidities were present in 184 (44.9%) children,
mainly malignancy in 78 (18.9%) and nephrotic syndrome (NS)

in 67 (16.3%). The clinical profile and outcome of children with
COVID-19 is shown in Table I.  All children with severe
COVID-19 disease had features of sepsis and shock; however, 3
children had acute respiratory distress syndrome (ARDS). Only
12 children with COVID-19 underwent blood biochemistry,
and reports revealed anemia (n=6), leucopenia (n=5),
neutrophil-lymphocyte ratio>3 (n=5) and thrombocytopenia in
3 children. High resolution computed tomography of chest
showed ground glass opacities in two and air-bronchogram in
three children. One child presented with severe abdominal pain
and computed tomography of abdomen was suggestive of
pancreatitis, he also had elevated amylase (217µ/L) and lipase
(365µ/L).

Immunocompromised children had a significantly higher
risk of SARS CoV-2 infection which may be due to the need of
frequent hospital visits for their medications (chemotherapy),
which exposed them to get infection. However, they had a lower
hospitalization rate [8 (50%) vs 9 (100%), P=0.01] as compared
to immunocompetent children possibly because of day care

This retrospective study describes the clinical profile, risk of
infection and outcome of coronavirus disease-19 in immuno-
compromised children. It was found that children on immuno-
suppressant medication has 2.89 times increased risk of infection
(P=0.01). Disease manifestation was asymptomatic (P=0.01) or
mild with predominant gastrointestinal symptoms (P=0.02)
without alteration in immunosuppressive treatment regime.
Key words: COVID-19, Children, Immunocompromised,
Outcome.

Table I Clinical Profile and Outcome of Children with SARS-
CoV-2 Infection

Variables Children with COVID-19
Immuno- Immuno-
competent compromised
(n=9) (n=16)

Comorbiditya 5 16
Severity of illness
Asymptomaticb 0 8 (50)
Mild 0 3 (18.7)
Moderate 5 (55.5) 3 (18.7)
Severe (n=6)

Septic shock 4 (44.4) 2 (12.5)
ARDS 2 (22.2) 1 (5.9)

Clinical features
Fever 9 (100) 7 (43.7)
Cough and difficulty in breathing 8 (88.8) 3 (18.7)
Diarrhea and vomiting 0 7 (41.1)
Convulsion and altered sensorium 3 (33.3) 0
Abdominal pain 2 (22.2) 5 (29.4)
Treatmentd

Hospitalization 9 (100) 8 (50)
Oxygen 4 2
Vasopressor requirement 4 2
Died 2 (20) 2 (12.5)

Data presented as no. or no. (%). aImmunocompetent:1 each with
thalassemia, Wilson disease, diabetes, epilepsy and congenital hydro-
cephalous with shunt; Immunodeficient: 8 children with nephritic
syndrome, 2 with Non-Hodgkin lymphoma and 1 each of Hodgkin
lymphoma, acute lymphoblastic leukemia, acute myeloid leukemia,
myelodysplastic syndrome, aplastic anemia and retinoblastoma, dOnly
one immunocompetent patient required ventilation.
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treatment protocol. The occurrence of disease was lesser in
immunocompromised children, with most being either
asymptomatic or with mild disease, and with complete recovery.
It is possibly due to weaker immune response under the influence
of immunosuppressants. Similar observations were reported in a
survey conducted in 25 countries (>200 children tested and
10000 at risk) among children on anticancer treatment [8] and in
a systematic review of 16 articles (100 adults, 10 children) by
Minotti, et al. [5], which  concluded that these children had
asymptomatic or mild disease, and had a favorable outcome.
Severe disease manifestations and require-ment of intensive
care, respiratory support, and inotropes were comparable
between the two groups. Overall mortality was 16% and this
might be a reflection of high incidence of non-COVID sepsis and
associated complications in these patients. In a study on 113
children with kidney diseases receiving immunosuppressive
medications from 30 countries; authors found that only 9.7% had
severe grade of disease [3]. Features of relapse, or new organ
involvement (pancreas) or new onset glomerulonephritis have
been seen in children with nephrotic syndrome in present study
and this might be like other viruses, SARS Co-V-2 infection may
also precipitate  relapses or infect new organ [9,10].

The present study has few limitations, one being retros-
pective analysis and small sample size, and short term follow-
up. Additionally, admitting policy kept on changing during the
study period depending on government guidelines. We
conclude that children with immunosuppressant medication are
at an increased risk of SARS Co-V-2 infection, and disease
manifestations may be asymptomatic or mild with predomi-
nantly gastrointestinal symptoms.

Contributors: SKR, RP, VG, OPM: concept, design, drafting of
the manuscript, critical analysis; AK: acquisition of data,
analysis and interpretation.  All authors approved the final
version of manuscript, and are accountable for all aspects related
to the study.
Funding: None; Competing interests: None stated.
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A comparison of post-vaccination hepatitis B surface
antibody level on the large and appropriate for
gestational age infants (Clin Exp Vaccine Res.
2021;10:47-51)

Hepatitis B infection is the most common cause of chronic
hepatitis leading to cirrhosis and carcinoma. Perinatally
acquired hepatitis B infection has the highest rates of
progression from acute to chronic disease compared to an
infection at later age. Hepatitis B vaccination is important in
reducing the global burden of the disease. The researchers
enrolled 132 infants aged 7 months, one month after the last

CLIPPINGS (4th) dose of recombinant DNA hepatitis B vaccine containing
pentavalent vaccine. All infants were negative for hepatitis B
surface antigen and hepatitis B core antibody. On the basis of
birthweight, participants were divided into group 1: weighing
between 2-4 kg (n=63), appropriate for gestational age, and
group 2: weighing >4kg (n=69), large for gestational age. Anti-
Hbs antibody titers ≥10 IU/L were taken as adequate. Mean
birthweight of the groups was 2.98 (0.53) and 4.19 (0.19) kg,
respectively.  The mean (SD) anti-HBs antibody titer in group 1
and 2 was 13701.0 (11744.4) and 8997.1 (2827.2), respectively
(95% CI of difference, -7607.4 to -1800.2; P=0.002), even
though the titers were in protective range in both the groups.
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they could not find any risk factor in 19% of babies. Insulin levels
in all our babies were elevated, with a median insulin level of 13.6
mU/L, along with hypoketonemia. However, there are reports of
perinatal stress-induced hyperinsulinemia with normal insulin
levels, specifically in SGA babies [4]. Response to diazoxide was
consistent with previous findings [4]. In the study by Hoe, et al.
[4] only 2 out of 26 babies were started on octreotide.  All 3 of
them were born by cesarean section and were SGA. In 2 babies,
octreotide was added at a maximum diazoxide dose of 10 mcg/kg/
day as they required some dextrose support to maintain their
blood sugars. In one baby, octreotide was added at a maximum
diazoxide dose of 15mcg/kg/day as he intermittently maintained
blood sugars on feeds and diazoxide. Other authors have reported
treatment time ranging from 18 to 402 days. In our study, 100%
responded to medical treatment, whereas it was 80-95% in
published literature [4,5]. Pan, et al. [6] reported their experience
of octreotide therapy for HI in 7 cases of SGA neonates with
treatment duration between 9 to 45 days, and with an excellent
response to treatment in all patients. As all babies remained
admitted till the treatment was completed and responded well to
medications, we suspected it due to perinatal stress; therefore,
genetic analysis was not considered.

To summarize, the requirement of a high glucose infusion
rate in a neonate should raise suspicion for HI. Routine glucose
screening of high-risk neonates can help in its early identification.
Identification and appropriate treatment of a neonate with HI are
essential to prevent long-term neurologic sequelae. Unlike
congenital HI, neonates with perinatal stress-induced hyper-
insulinism should recover with medical management within a few
days to few weeks. However, larger series are required to draw
firmer conclusions.
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Hyperinsulinemia (HI) is a well-known cause of persistent
hypoglycemia in neonates. Early diagnosis is crucial, as
management needs to be aggressive because insulin blocks
alternative fuels like ketones for cerebral metabolism resulting
in long-term neurological sequelae. It can be persistent or
transient. The persistent forms are inherited and are due to
mutations in genes associated with insulin secretions
regulation. The transient state; however, is non-genetic and also
known as perinatal stress-induced hyperinsulinemia (PSHI).
Various factors associated with perinatal stress are intrauterine
growth restriction, birth asphyxia, cesarean delivery, and
maternal toxemia that can lead to HI [1]. Collins and Leonard in
1984 reported cases of small for gestational age and birth
asphyxia, who responded well to medical therapy, followed by
spontaneous resolution [2].

We retrospectively analyzed the medical records of newborns
who presented with hypoglycemia (lethargy, poor suck, or poor
feeding) and biochemical evidence of hyperinsulinemia in the
neonatal intensive care unit. Hyperinsulinemic hypoglycemia was
defined as hypoglycemia (<50 mg/dL) with inappropriately
elevated plasma insulin (>3 mIU/mL) and/or evidence of an
excessive insulin effect, such as an increased glucose
consumption rate (>8 mg/kg/min) and inappropriately suppressed
plasma β-hydroxybutyrate (<2 mmol/L) [3]. Out of 111 babies
with hypoglycemia, 14 (12.6%) babies were diagnosed to have
hyperinsulinemia. All the babies were treated initially with
intravenous glucose requiring a median glucose infusion rate
(GIR) of 12 mg/kg/min. Diazoxide was started as soon as the
diagnosis of hyperinsulinemia was made. To wean off the baby
from intravenous glucose, oral diazoxide was initiated as first-line
medication – 11 (78.6%) patients responded to it. Three (21.4%)
babies did not respond even after maximum doses of diazoxide,
following which a second-line drug, octreotide, was added. All
three babies who required octreotide treatment were small for
gestational age (SGA). The maximum dose of octreotide required
was 14 mcg/kg/day along with diazoxide. Duration of therapy for
diazoxide with octreotide ranged from 7 to 14 days. All three
babies tolerated octreotide well with no adverse events.

Most of the babies were an early term with a male to female
ratio of 1.3:1. Early term (71%), SGA (43%), cesarean section
(71%), and fetal distress (28%) were found as risk factors for
PSHI in this series. Each baby had one or more mentioned risk
factors. Hoe, et al. [4] in their study of 26 neonates with prolonged
HI, found it to be frequently associated with the male sex, low
birth weight, perinatal stress, and cesarean deliveries; however,

Hyperinsulinemic Hypoglycemia in
Neonates Due to Perinatal Stress: A Case
Series
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Severe Headache in Emergency Room:
Migraine or Digital Eye Strain

Among primary headaches in children, tension type headache
and migraine form the most common causes of headache. With
the increasing use of digital devices globally, digital eye strain
(DES) or computer vision syndrome (CVS) has been
increasing, with the 2016 digital eye strain report documenting
a self-reported prevalence of nearly 65% [1]. Headache has
been considered to be one of the five most common symptoms
associated with DES according to American Optometric
Association [2].

A 14-year-old girl presented to the emergency room with
the complaints of severe bitemporal headache with heaviness in
eyes, vomiting and undocumented fever for past 15 days. The
headache was severe enough to hinder studies, and she had to
quit her online examinations due to the headache. Vitals of the
patient were within normal ranges and she was afebrile during
hospital stay. No signs of meningeal irritation were present.
Fundus evaluation was normal. Lumbar puncture and magnetic
resonance imaging of brain were done to rule out causes of
secondary headache, and were found to be normal. A
provisional diagnosis of migraine without aura was made but
there was neither previous history of such attacks nor any
positive family history. Since the girl had a history of watering
of eyes while watching television (TV), an ophthalmic
evaluation was performed that revealed dry eyes and a
refractory error of -0.25D in both eyes. On further detailed
history, it was found that the adolescent was having a screen
time of 7 hours daily for past 10 months (4 hours of online
classes on smartphone due to the pandemic and 3 hours of TV
watching). A computer vision syndrome questionnaire (CVS-
Q) [3] was used to rule out digital eye strain as the cause of

headache, and the total score was found to be 18 indicating
severe CVS. Initially the patient was given oral analgesics and
was advised to have a reduced screen time for next 4 weeks.
After one week, the analgesics were stopped. Presently the
patient is asymptomatic.

Educational screen use, with appropriate precautions, was
advised. The symptomatology of DES or CVS can be related to
extraocular, ocular surface or accommodative mechanism
leading to severe headache [4]. So objective visual assessment
of such patients should not be limited to the assessment of
refractory error alone but should also include an orthoptic
vision screening for detecting errors of accommodation
including unilateral and alternate cover and uncover tests at
near vision [5]. Even small aberrations in these tests can lead to
symptoms, and may continue progressing uncorrected.
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Non-availability of Parenteral
Preparations of Vitamin A: Is a Silent
Surge of Bronchopulmonary Dysplasia
Happening in India?

such babies are surviving. As vitamin A is accumu-lated mainly in
the third trimester, preterm infants may have low vitamin A levels
at birth, which may contribute to an increased risk of
developing BPD. With the large number of preterm babies
surviving, there is possibility of an increase in number of BPD
cases.

Most of randomized trials to study efficacy of vitamin A
supplementation to prevent BPD used parenteral preparations.
Globally, trials testing efficacy of oral vitamin A supplemen-tation
in preventing BPD has not shown its role [2].

During the last few years there is increasing difficulty in
getting intramuscular preparations of vitamin A. Thus currently

Bronchopulmonary dysplasia (BPD) continues to be one of the
most important challenges in the care of the preterm infants,
affecting approximately one-quarter of very low birth weight
infants [1]. With better availability and improved quality of care
of neonatal intensive care units (NICUs) in India, more and more
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Dexmedetomidine vs Midazolam for
Sedation in Mechanically Ventilated
Children: Few Concerns

We read with interest the recently published research paper on
dexmedetomidine vs midazolam for sedation in mechanically
ventilated children [1]. We have the following concerns related
to the study.

The recommended approach for noninferiority trials is to
perform both intention to treat and per protocol analysis and to
conclude noninferiority if both analysis produce the same result
[2]. Although we could infer from the study flow chart that per
protocol analysis was done, but there could be doubt in the
minds of the readers if modified intention to treat or per
protocol analysis was done. The estimated sample size in the
methods section is written as 39 per group whereas in the
discussion section the intended sample size is written as 36 in
each group. Bradycardia in dexmedetomidine group is
mentioned as 17.4% in the results section as well as in the fourth
paragraph of discussion section while it is mentioned as 14.4%
in the first paragraph of discussion section.

We understand your concern of not giving bolus of
dexmedetomidine in your study to avoid bradycardia and
hypotension as it has been reported in many studies. There have
been few pediatric randomized control trials in which bolus
dose of dexmedetomidine was given and there was no
difference in the occurrence of bradycardia and hypotension
and they found that the rate of adequate sedation was higher in
the dexmedetomidine group with lower requirement of rescue
drugs and shorter onset of sedation time [3]. We are of the
opinion that not giving bolus dose of dexmeditomidine could
have been a contributory factor in non-establishment of non-
inferiority of dexmedetomidine as compared to midazolam in
your study, and this point could have been discussed in the
discussion section.
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AUTHORS’ REPLY

We thank the readers for their interest in our study [1]. The
analysis was a per-protocol analysis; the same is highlighted in
the study flow chart.

The errors in discussion section in the values of adverse
events in dexmedetomidine group as well as the sample size are
typographical errors.

The authors have opined that not giving bolus dose of
dexmedetomidine could have been a contributory factor in non-
establishment of non-inferiority of dexmedetomidine as
compared to midazolam in our study. The median (IQR)
duration of dexmedetomidine infusion was 26 (14, 48) hours
and even without bolus dose, the serum levels of the drug are
likely to be in the therapeutic range to cause desired sedation.
Moreover, the frequency of adverse events in the
dexmedetomidine group argue against the lack of therapeutic
levels. Hence, we feel that bolus dose of dexmedetomidine
would not have changed the outcomes.
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virtually no vitamin A injections are available in Indian market,
making it one of latest addition in orphan drugs. India still lacks
appropriate policy framework for orphan drugs, making a
country-specific Orphan Drugs Act (ODA), need of the hour [2].
Well-designed multicenter trials should be done in Indian setting
to study role of oral vitamin A in preventing BPD. Until efficacy
of oral vitamin A is proved, Indian Academy of Pediatrics should
engage with the government to ensure easy availability of
injection vitamin A throughout the country.
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Analysis of Young Infant Deaths Using
Verbal Autopsies: Clarifications Needed

We compliment the authors on their work on verbal autopsies
for infant deaths [1]. We seek the following clarifications:

i) The study mentions about a State verbal autopsy tool, but no
details of it could be found either in the text or the references.

ii) We want to know source of individual death information,
which was crucial for timely execution of verbal autopsy
tool. What was number and qualification of the field
workers? There is no mention of parental consent before
collecting the information.

iii) Authors mention that clinical summaries of babies were
collected from health posts near their residence. Were they
public/private hospitals/clinics? What if they refused to
provide confidential data to field workers? Even if they had
access to individual case sheets of all babies who died, how
did they interpret it in the absence of a pediatrician on site?

iv) The study mentions an infant mortality rate of 5.2 per 1000
live births, which is much below the national average.
Kindly elaborate.

v) Discussion section mentions about the 108 neonatal
ambulance service, but the number 108 is for general
ambulance and 102 is the number for dedicated maternal and
neonatal/infantile services.
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We thank the readers for their interest in our article [1], and
provide the desired information:

i) The contents of verbal autopsy form are available at https://
nhm.gov.in/images/pdf/programmes/childhealth/
guidelines/Operational_Guidelines_Child_Death_
Review.pdf and have been modified in the Tamil Nadu State
verbal autopsy form to include health seeking behavior, each
cause of death based on symptoms or problems in the child.
The State verbal autopsy tool has maternal characteristics as
well as neonatal characteristics. For neonatal deaths as well
as post neonatal deaths, there are set of questions under each

cause of deaths and depending upon the answers, one of the
major causes is selected. Probable main cause of death (only
one cause) is to be given at the end.

ii) All young infant deaths (< 2 months) between March, 2013
and March, 2015 were line-listed as per government orders.
Investigation of the same was done using the State verbal
autopsy forms for infant deaths. Line-listing of young infant
deaths is routinely done by field workers assigned in each
Chennai corporation zone, and it was not done solely for the
purpose of the study. Investigation of these deaths are done
using verbal autopsy forms after getting informed consent
from the parents by the field workers (auxiliary nursing
midwives, ANM), also called as urban health nurse in urban
area. These health workers had finished the ANM course and
had undergone a two-week training on verbal autopsy.

iii) Permission for procuring line listing as well as verbal
autopsy questionnaires from all zones of Chennai
Corporation for the purpose of our study was obtained from
the Deputy Project coordinator, district family welfare,
Chennai Corporation. Babies having residence within
Chennai Corporation zones and who died within 2 months
of age between April, 2013 and March, 2015 were included
in the study.

Deaths that occurred at home and private hospitals were
also line-listed and included. Case sheets of those collected
and scrutinized before the district level verbal audit of infant
deaths (government, private, home deaths) done bi-monthly
and the physician who treated the baby also attends the audit.
The case sheet details and clinical diagnoses of deaths in
private setup were noted by us for the study. In case of home
deaths, diagnosis as given at arrival to hospital or in the
death certificate was taken.

iv) We have provided the “young” infant (<2 months) mortality
rate in the article and not the infant mortality rate. Total live
births among the residents of Chennai corporation zones
were 164009, out of which there were 865 young infant
deaths.

v) Regarding transport, 108 ambulance service is utilized for
neonatal services as well in Tamil Nadu, with the calls
requesting for neonatal services getting filtered and
channelized separately.
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Parent-mediated Training for Children
with Autism Spectrum Disorder in India

behaviors (Sensitivity d=4.87, Responsiveness d=3.78,
Effectiveness d=3.37, Achievement d=3.78, Reinforcing
behaviour d=3.08 and Directiveness d=-2.74) with maximum
improvement in their sensitivity towards their children.

At 1 month and 3 months follow up, children showed
significant improvement in their engaging skills in all the
parameters of Modified CBRS, Attention d=4.16, Cooperation
d=2.8, Involvement d=2.5, Initiating behaviors d=1.94).
Children showed maximum improvement in their attention
behavior and least improvement in their initiating behavior.

At 9 months follow up, children showed significant
improvement (P<0.01) in language and cognitive domains of
MSEL. On average, children showed 12.3 months improve-
ment in receptive language, 10.7 months improvement in
expressive language and 9.6 months improvement in cognitive
domain over 9 months of SCoPE based intervention. 66%
children showed improvement equivalent or more than 9
months in all domains.

As per existing scientific evidence, active involvement of
caregivers with appropriate supervision and training as a form
of co-therapy is desirable but there is not much evidence for the
efficacy of parent-mediated approaches [4]. Our study adds
evidence to efficacy of parent mediated approach.  SCoPE-
EDITT program not only empowered the parents to serve as co
therapists but also facilitated joint attention, imitation skills,
language and cognitive development in the children with ASD.

Acknowledgement: Dr Akhila Nagaraj, Developmental
Pediatrician, Centre for Child Development and Disabilities.
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In India, prevalence of autism spectrum disorder (ASD) is
estimated to be 1-1.4% (1 in 100 children) in children aged 2-9
years [1]. However, there continues to be a deficit of trained
therapists to address these children [2]. Parent-implemented
interventions with adequate guidance from trained therapists
could be the best alternative for young ASD children [3]. We
have developed an online intervention program (SCoPE-
EDITT: Socio Communication Play and Educational Program-
Educating Parents on Direct and Interactive Teaching
Techniques) to involve and support parents in the early
intervention of children with ASD (or at risk for ASD). Parent-
implemented intervention also extends the benefits of
intervention to the home environment thereby supporting in
generalization.

The purpose of this pilot study was to find whether the short
term parental training brings about changes in parental
interactive behavior and child engagement skills and also to
assess effectiveness of the SCoPE program. Participants were
22 young children (Mean age 27.3 months) with diagnosis of
ASD/at risk for ASD. Before beginning the intervention,
baseline data on children’s language and cognitive skills was
assessed using Mullen Scale of Early Learning (MSEL).
Parents were asked to play and interact with their child in their
usual way for 10 min in the centre and it was videotaped.
Parents’ baseline interactive behavior and children’s
engagement skills were observed and rated using Modified
Maternal Behaviour Rating Scale (MBRS) and Modified Child
Behaviors Rating Scale (CBRS) [7].  CBBS identiûes two
domains (attention domain and initiation domain) of children’s
interactive engagement with their parents. In our study, CBRS
scale was modified by excluding affect and persistence items.

Parents were trained over 4 weeks to learn and use
interactive parenting techniques with structured EDITT
program and suggested to use individualized SCoPE based
activities during homework sessions. All children continued
regular weekly (weekly twice for 45 minutes) language therapy
sessions (with/without sensory integration sessions based on
individual child requirement) with trained therapists. Parents
and their children were followed up for next 9 months. After 1
month of EDITT parental training program, parents showed
significant improvement in all the interactive behaviors, and
decline in directive behaviour parameters of MBRS. At 3
months follow up, parents showed significant improvement in
their interactive behavior and further decline in directive
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Messaging Applications: Implications for
Healthcare

In the last two decades, there has been an increase in the
ownership of mobile devices like tablets, mobile phones, and
computers. The constantly improving networking service
worldwide is transforming the healthcare sector with the
introduction of eHealth or mHealth – the use of mobile devices
for health research and delivery [1]. Some of these include
Facebook messenger, iMessage, Koo, Signal, Telegram,
WeChat and WhatsApp.

The coronavirus disease 2019 (COVID-19) has disrupted
the conventional ways of practicing medicine and demanded
socially distant healthcare practice. Recently, the Government
of India issued a telemedicine guideline that said, “telemedicine
includes all communication channels with the patient that
leverage information technology platforms, including voice,
audio, text and digital data exchange “ [2]. In this situation,
WhatsApp came in as a handy tool to consult not only for
routine check-ups but also for consultation and monitoring of
COVID-19 patients [3]. The World Health Organization
(WHO) health alert service also uses WhatsApp to give people
up-to-date COVID-19 information.

Various scenarios show that using messaging apps can
accelerate communication, streamline workflows, enhance
productivity, and improve patient healthcare [4]. They help
improve hospital administration efficiency, secure hand-off,
faster delivery of laboratory reports, create a discussion thread
with seniors and juniors, and collaborate with those outside
their workplace easily with seamless integration of health
records, and  reach healthcare workforce in the peripheral
areas [4].

India is a developing nation, and doctors with minimum
access to large funds refrain from using professional EMR
platforms and use what is freely available and convenient.
Platforms like Magpi, Google forms, Survey monkey can be
used to collect text and numerical data but when it comes to
collecting pictures and videos of the patients, messaging apps
are the most convenient option, in addition to being used by
researchers to send out survey forms to potential participants.

Despite the benefits, the use of telemedicine has always
been concerning due to the lack of clear guidelines in India,
unlike some countries like the USA where a healthcare
professional can only use a HIPAA compliant platform for
telemedicine. Third-party apps like iMessage do not have
access to user info, it is not the case with WhatsApp business
accounts anymore, making users migrate to other more privacy-

oriented appli-cations. Even end to end encryption poses a
problem as no data is being stored by WhatsApp (only saved
locally on the users’ device) which makes it nearly impossible
to audit. With messaging applications, it might become very
difficult to keep a record of patient data. If either user changes
devices, it might lead to complete loss of data unless a full
backup is done prior to the shift, which cannot be done
remotely. Use of multiple messaging platforms by various
professionals may not allow crosstalk between them. Also, app
performance is in the control of the company, which may
terminate or modify it, based on corporate priorities.

In the current situation, messaging apps can also be used for
patient education services like by sharing links to reliable
sources of information. The acceptance of messaging is better if
the doctor and patients know each other. If it is the first consult,
then having a preliminary round of introductions may help
build trust. Having ground rules for communication such as
when will the clinician respond and the charges for
communication via this medium, should be conveyed early on.

Messaging applications can be used in the future for regular
follow up of patients. With the development of patient support
groups for chronic as well as rare disease using messaging
groups would be of excellent use. As capabilities of messaging
apps get enhanced, including artificial intelligence, there may
be possibilities and threats, which are difficult to foresee
presently.
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Heterologous Prime boost in COVID vaccines

Heterologous prime boost in vaccinology means using different
vaccines for the primary and booster shots in an individual.
Nowadays, there is a cafeteria style choice of various COVID
vaccines. Both advantages and availability of each vaccine is
variable. So it may be useful to see what happens when one
vaccine is followed by a different kind of vaccine.

The mRNA vaccines induce T-cell mediated immune
response which may have a long lasting immunity. The
inactivated adeno-viral vector vaccines on the other hand have a
more robust antibody response. When two doses of the
inactivated viral-vector vaccine are used, it appears that the
second dose may have lower responses as the body mounts a
response against the vector.

In Europe there are several trials evaluating the effects of
using various combinations of  inactivated viral vector vaccine
and the mRNA vaccine. The Com-Cov study from UK, has four
study groups: those who receive both doses of the Astra-Zeneca
vaccine, both doses of the Pfizer vaccine, first Astra-Zeneca
vaccine followed by booster with the Pfizer vaccine, and the
reverse. Preliminary safety data published shows there were
more systemic effects like fever following heterologous
vaccination 34-41% vis-a-vis 10-21% when both vaccines used
were same. There were no major adverse effects with
heterologous combination. Hematological and biochemical
tests done were normal.

The order of vaccines may also make a difference. For
example, in trials involving HIV vaccines, giving the DNA
vaccine first followed by protein subunit vaccine had best
responses. Another strategy is to inject both DNA in plasmid
form with recombinant spike protein together in a single shot.
This has only been tested in animals so far.

Overall, it appears that combining two different types of
vaccine may confer better protection at the cost of mildly
increased initial systemic effects like fever. Long term data are
still awaited.
 (Lancet 29 May 2021)

The Pfizer vaccine in adolescents

Safety, immunogenicity and efficacy data of the Pfizer vaccine
in children aged 12-15 years was recently published. This was a
multi-centric randomized controlled trial in 2260 adolescents.
The main adverse effects were local pain (79-86%), fatigue (60-
66%) and headache (55-65%). Higher levels of neutralizing
antibody titers were seen in the 12-15 year age group as
compared to those aged 16-25 year. No cases of COVID-19
were reported in those who received the vaccine while 16 cases
were reported in the placebo group.

This is welcome news for pediatricians all over the globe.
(NEJM 27 May 2021)

Efficacy and safety of the Sputnik vaccine

This vaccine was developed in Moscow by the Gamaleya
Research Institute of Epidemiology and Microbiology. It is an
inactivated adeno-viral vector based vaccine. Its first dose has
the recombinant Adeno virus 26 (rAd26). The second dose has
a different adeno virus vector rAd5 and is given after 21 days.
The E1 gene has been removed from the adeno virus to prevent
replication. The use of two different adeno viral vectors is to
pre-empt any existing immunity against adeno viruses in the
community.

Initial Phase I/II data published in September, 2020 had
shown adequate safety. They had also shown both neutralizing
antibodies and robust T-cell responses suggesting long term
immunity. Phase III data in 21970 adults published recently in
the Lancet demonstrated an efficacy of 91.6%. Incidence of
infections in vaccinated individuals plotted over time showed
that by 18 days after the first dose, there was adequate immune
response to prevent SARS-CoV-2 infection. Only minor
adverse effects were observed. Four deaths noted in the study
group were in individuals with severe co-morbidities and were
deemed to be unrelated to the vaccine.

A single dose of the vaccine is being marketed as Sputnik
light and is considered to have an efficacy of 79.4%. An Indian
pharma company has already launched the vaccine in India, and
another will soon commence manufacturing the vaccine.
(Lancet 20 February 2021; The Economic Times 27 May 2021)

The Milennnium technology prize

Shankar Balasubramanyan, an Indian born British chemist from
Cambridge has won the Millennium technology prize for
developing one of the fastest DNA sequencing technologies
called the Solexa-Illumina platform. As a child he wanted to be
a professional footballer but decided later it would be safer to be
a scientist.

The idea for the technology was born while brainstorming with
his colleagues over several pints of beer in a pub in Cambridge.
They came up with an idea to dramatically increase the speed of
DNA sequencing 100,000 fold while steeply cutting down the cost.
Finally along with his colleague David Klenerman, they founded
the company Solexa and the rest is history.

The method involves fragmenting the DNA and
immobilizing it on a chip. The sequence is then decoded base-
by-base using fluorescent labelled nucleotides. Sophisticated
software is then applied to create the final sequence. Today the
Solexa-Illumina technology is the most widely used platform
for next generation DNA sequencing. This technology has
helped in rapidly sequencing the SARS-CoV-2 and subse-
quently developing effective vaccines.
(The Economic Times 19 May 2021)
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