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This study explores the etiology and lead time to treatment for infantile spasm (IS) patients and their
effect on treatment responsiveness, in a limited resource setting. Patients with IS onset age
�12 months’, seen over 3 years were recruited retrospectively. Clinical information, neuroimaging and
genetic results retrieved. Patients categorized into three primary etiological groups: Structural (including
Structural Genetic), Genetic, and Unknown. The effect of etiology and lead time from IS onset to initiating
appropriate treatment on spasm resolution, evaluated. Total 113 patients were eligible. Mean IS onset age
was 6.86(±4.25) months (M: F 3.3:1). Patients were grouped into: Structural 85, Genetic 11 and Unknown
17. Etiology was ascertained in 94/113 (83.1%) with neonatal hypoglycemic brain injury (NHBI) being the
most common (40/113, 36%). A genetic etiology identified in 17 (including 6 Structural Genetic, of which
five had Tuberous Sclerosis). Structural group was less likely to be treatment resistant (p = 0.013, OR 0.30
[0.12–0.76]). Median treatment lead time – 60 days. Longer lead time to treatment was significantly asso-
ciated with resistant spasms (v2 for trend = 10.0, p = 0.0015). NHBI was the commonest underlying cause
of IS. There was significant time lag to initiating appropriate treatment, affecting treatment
responsiveness.
Crown Copyright � 2020 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Infantile spasms (IS) are a seizure type manifesting in first year
of life, as a component of an age-dependent epilepsy syndrome [1].
IS has many underlying causes [2–8]. Studies from resource- lim-
ited settings have highlighted neonatal asphyxial brain injury as
the commonest acquired cause for IS [4–6]. Neonatal hypoglycemic
brain injury (NHBI) is also being increasingly recognized as an
important acquired cause of IS [9–11].

Genetic defects have been shown to be another major cause of
IS [7,8]. However patients with IS of unknown etiology in pub-
lished Indian studies [4–6] have not been investigated using com-
prehensive next generation genetic technologies. Hence etiological
data after detailed genetic evaluation of IS patients from develop-
ing healthcare setups, still remains limited [8,12].

Studies have suggested that shorter lead time to treatment is
associated with a better treatment response and subsequent
improved developmental outcome [13,14]. Unfortunately, diagno-
sis and treatment of IS is often delayed in both developed and
developing countries, despite a characteristic hypsarrythmic EEG
pattern [4,5,15]. Also only few large scale studies have assessed
the effect of etiology on treatment outcome, suggesting a better
outcome for patients in the unknown group [13,14]. A recent study
though concluded that those in Genetic/Unknown group do not
necessarily have a favorable outcome [16].

In this study from a pediatric neurology clinic from Jaipur in
North India, we have comprehensively investigated the etiologies
of IS by accessing patients’ clinical information including perinatal
histories, reviewing the available neuroimaging findings, and
retrieving genetic testing results. We have also evaluated associa-
tions of etiology and lead time to specific treatment with resolu-
tion of spasms.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebr.2020.100397&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebr.2020.100397
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:vivekchildneuro@gmail.com
https://doi.org/10.1016/j.ebr.2020.100397
http://www.sciencedirect.com/science/journal/25899864
http://www.elsevier.com/locate/ebcr
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2. Methods

2.1. Patient selection

In this retrospective cohort study, IS patients with an onset age
of <12 months with EEG evidence of hypsarrythmia or its variants
[17], seen over a 3-year period between March 2015-March 2018
were eligible.
2.2. Setting

This study was conducted in the pediatric neurology clinic at
Santokba Durlabhji hospital, a tertiary care teaching hospital in Jai-
pur, North India. Our center is a secondary and tertiary care referral
centre for city of Jaipur (Rajasthan), in addition to being a tertiary
centre for outlying districts of Rajasthan, and adjoining districts of
neighbouring states, Haryana and Punjab.
2.3. Assessment of case records

The following variables were summarized from each case
record: Birth details (gestation, birth weight, APGAR), adverse peri-
natal events (delayed cry, neonatal encephalopathy, neonatal sei-
zures, intensive care admission, feeding issues, blood glucose
reports & cerebrospinal fluid results), IS onset age and the age of
initial presentation to a pediatric neurologist. If any relevant infor-
mation was unavailable, it was sought from the families via follow-
up visits or calls.
2.4. Investigations

2.4.1. Neuroimaging
Brain Magnetic Resonance Imaging (MRI) was retrieved and

findings were confirmed independently by two radiologists. All
MRI scans at our centre are performed on a 3 Tesla machine with
standard imaging protocols. If patient already has a 1.5 Tesla MRI
performed according to standard imaging protocols, prior to visit-
ing us, the neuroimaging is not repeated.
2.4.2. Metabolic testing
All our IS patients without an obvious acquired postnatal cause

or a cortical malformation, routinely have a metabolic screen per-
formed including serum ammonia, serum lactate and tandemmass
spectroscopy (TMS). These results were retrieved.
2.4.3. Genetic testing
For patients in whom an acquired postnatal cause could not be

determined from the history and neuroimaging, genetic testing
was performed according to the protocol in Fig. 1.

Next Generation Sequencing with copy number variations
(CNVs) was done to identify the disease causal variant using the
whole exome capture kit (Exome research panel, Integrated DNA
Technologies). The variants were analyzed using Varminer (in-
house analysis tool) and interpreted based on American College
of Medical Genetics 2015 guidelines [18]. All pathogenic and likely
pathogenic variants were included in the final analysis.

Patients who remained without an etiological diagnosis after
trio whole exome sequencing (WES) then had array comparative
genome hybridization (array aCGH) analysis (affymetrix CytoS-
canTM 750 K). An exception was for patients with dysmorphic fea-
tures, who had array aCGH as first line genetic test (Fig.1).
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2.5. Etiology definitions:

Neonatal asphyxiation and brain injury had a history of resusci-
tation at birth followed by neonatal encephalopathy with
APGAR � 5 at 5 min and/or MRI showing features of hypoxic
ischemic encephalopathy or its sequelae [19,20].

Neonatal hypoglycemic brain injury (NHBI) had feeding issues
in the postnatal period with lethargy, apnea and/or seizures asso-
ciated with a documented blood sugar level of <47 mg%
(<2.6 mmol/l), or MRI features to suggest specific NHBI changes
such as bilateral occipital/occipito parietal insult [21,22,23].

2.6. Etiological classification:

Depending on case record review, neuroimaging and genetic
results, patients were categorized into etiological groups using
the International League Against Epilepsy 2017 classification
[24]. Etiological groups were- i) Structural, which was further sub-
divided into structural-acquired, structural-genetic, and structural
unknown); ii) genetic; iii) infectious; iv) immunologic, v) meta-
bolic; and vi) unknown. The structural-unknown group included
patients with cortical malformation and a normal comprehensive
genetic evaluation.

2.7. Infantile spasm treatment protocol:

All IS patients with Tuberous Sclerosis (TS) are given vigabatrin
at our center according to the United Kingdom Infantile Spasm
Study (UKISS) protocol [25]. Non-TS patients are treated with oral
steroids (40 milligram/day). Intramuscular corticosteroid adminis-
tration for TS cortis not used at our center. If clinical spasms con-
tinue after 14 days of treatment, vigabatrin is added, as per our
protocol [25]. Follow up EEGs are not routinely performed if there
is clinical cessation of IS.

2.8. Treatment initiation and response classification:

Case notes were reviewed for the time gap between onset of
spasms and initiation according to above treatment protocol.
Lead-time to initial treatment for infantile spasms was accessed
from clinic notes. Lead-time refers to the delay between clinical
onset of spasms and initiation of treatment [13]. The lead time
was categorized into four time periods (�7 days, 8–14 days,
15 days to 2 months, and > 2 months). The effect of lead time on
treatment responsiveness was analyzed. The treatment response
was noted from follow-up clinic notes. Spasm cessation for at least
3 months without relapse or progression to other seizure types
was considered as complete clinical response (responders). This
favorable outcome was studied in relation to lead time in starting
treatment. The patients were classified as incomplete clinical
responders (non-responders) if they continued to have IS despite
of use of steroids and vigabatrin up to a 3-month follow-up
appointment, or had progressed to other seizure types or had
relapsed within this period. Only patients with at least three
months’ follow up after initiation of treatment according to UKISS
protocol2, were included in the final analysis for treatment
response.

2.9. Neuro developmental follow up:

All patients with IS are routinely reviewed for their neurodevel-
opmental progress and co-morbidities by the attending pediatric
neurologist in the follow up clinic visits.

Clinical notes from follow up visits of all recruited cases to the
clinic were reviewed and their neurodevelopment status was
recorded.



Fig. 1. Genetic testing protocol for infantile spasms patients with presumed genetic etiology.
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The impact of treatment delay on the neurodevelopment was
not assessed in this study.

2.10. Statistics

Data was compiled and collated on Microsoft excel spread-
sheets. Central tendency (mean/median), standard deviation,
Mann-Whitney-U test, v2 and Fisher’s exact test were applied on
data using SPSS Software. P values < 0.05 were considered
significant.

2.11. Ethics

The study was approved by the local institutional ethics com-
mittee (IEC/2018/14). Informed consent was taken from families
wherever genetic testing was performed.

3. Results

From a screened total of 124 patients, 113 were eligible; in 11,
adequate information was not available from the case records,
hence excluded from the study. Mean (±SD) IS onset age was
6.86 months (±4.25). Male to female ratio was 3.3:1.

Brain MRI results were available for all but 5 patients. All 5 had
a history of documented birth asphyxia with low APGAR scores and
a neonatal clinical course consistent with hypoxic ischemic
encephalopathy and later static encephalopathy. Brain MRIs’ were
abnormal in 82 (76%) of the remaining 108 patients. Metabolic
screen was normal in all patients, wherever it was performed.

There were 36 patients with a presumed genetic etiology,
including 5 patients with clinical features of TS (Fig. 1). One patient
who satisfied clinical criteria for a diagnosis of TS did not receive
genetic testing due to family reluctance. In the remaining patients,
a genetic etiology could be identified in 46% (16/35) patients
(Fig. 2). This included 12/31 (39%) of non-TS patients (9/29 on trio
WES; 3/22 on array aCGH) and 4 with TS.

The 113 patients after clinical, radiological and genetic evalua-
tion could be subdivided into 3 etiological groups- structural 85;
genetic 11; and unknown 17 (Fig. 2). No patient could be classified
into infectious, immunologic or metabolic groups.

Etiology was confirmed in 94/113 (83%) patients (Fig. 2). This
included 83/85 patients in the structural group (structural-
3

acquired 77; structural-genetic 6), and 11 in genetic group. Cause
could not be determined in 2 patients within the structural-
unknown and 17 in unknown group.

3.1. Structural group

From a total of 85 patients, 77 had structural-acquired, 6
structural-genetic, and 2 had structural-unknown etiology
(Fig. 2e).

3.1.1. Structural acquired
The structural-acquired group (77/113, 69%) was the largest eti-

ological subgroup. The most common cause in this group was NHBI
followed by neonatal asphyxiation brain injury.

Neonatal hypoglycemic brain injury (40/113, 35.3%) was the most
common acquired cause of IS in the whole cohort. Low blood sugar
levels (mean blood sugar level- 21.4 mg% ±3.83 [±SD]) in the post-
natal period were documented in 30/40 patients. In the remaining
10/40, a diagnosis was made based on postnatal history of
decreased feeding, lethargy and neuroimaging demonstrating
NHBI specific changes.

Nearly all of NHBI patients were male (38/40, 95%) and the
majority (29/40, 72%) were born at term. Only 10/40 (25%) were
small for birth date. All except two patients (38/40, 95%) had global
developmental delay. Cortical visual impairment (35/40, 87.5%),
static encephalopathy (19/40, 47.5%) and social-communication
disorder (12/40, 30%) were other common co-morbidities.

MRI’s were accessible and found to be abnormal in all NHBI
patients. The majority (36/40, 90%) had bilateral occipital involve-
ment (Fig. 3A) including 11 with associated parietal lobe pathol-
ogy. Five also had periventricular leukomalacia. Four patients, all
with documented postnatal hypoglycemia, had unilateral changes
–2 hemispheric atrophy; 1 each had unilateral occipital and
parieto- occipital gliosis.

Neonatal asphyxiationbrain injury was seen in a total of 29/113
(25.7%) patients) (Fig 2); 21/29 (72%) were males. All patients
(29/29; 100%) had global developmental delay and static
encephalopathy. A significant number also had cortical visual
impairment (16/29, 55%) and one had social-communication
disorder.

MRIs performed in 24/29 patients, were abnormal in all. The
majority showed predominant cortical involvement (Fig. 3B) in



Fig. 2. Etiological classification and specific etiology of all infantile spasm patients.

Fig. 3. (A) Axial T2 MRI image of a 30-month-old baby with history of neonatal hypoglycemia and later infantile spasms- Shows asymmetric bilateral occipital T2 hyper
intensity suggestive of occipital gliosis; (B) Axial T2 MRI image of an 18-month-old baby with history of perinatal asphyxia and later infantile spasms- Shows diffuse cortical
atrophy especially in the peri-rolandic region with a paucity of white matter and bilateral frontal T2 hyper intensity.
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the form of diffuse bilateral or frontal encephalomalacia (12/24),
parasagittal (5/24) or peri rolandic gliosis (3/24), while some also
had associated basal ganglia (5/24) and/or thalamic (3/24)
involvement.

The remaining 8/113 (7%) in the structural-acquired group
included 4 with meningitis sequelae (2 tubercular meningitis; 2
neonatal meningitis), 3 perinatal stroke and 1 late hemorrhagic
disease of newborn.
3.1.2. Structural genetic
There were 6 patients in the structural-genetic group (TS 5; lis-

sencephaly 1). Mutations in the TSC2 gene were detected in 4 of the
5 children diagnosed with TS (one family refused genetic testing;
Supplementary data 1-Table S1). Trio exome analysis detected a
de novo mutation (Arg309His) in the DYN1C1HI gene (Table1, case
7) in the child with lissencephaly.
4

Four of the five TS patients had global developmental delay.
Two of them also had social communication disorder.
3.1.3. Structural unknown
There were 2 patients with antenatal cortical malformation (lis-

sencephaly 1; bilateral open lip schizencephaly 1). On further anal-
ysis no significant variants were detected on WES and array aCGH;
both patients had global developmental delay. The child with
schizencephaly also had social- communication disorder.
3.2. Genetic group

Eleven patients (M: F ratio 1.1:1) had a mutation identified on
genetic evaluation (Table 1). All of them had a normal metabolic
work up. Neuroimaging (MRI) was available for all and was abnor-
mal in two (cerebellar atrophy 1; corpus callosum dysgenesis 1).



Table 1
List of significant variants (Pathogenic/Likely Pathogenic) detected in non-Tuberous Sclerosis cohort.

S.
No.

Gender/IS
Onset age
(Months)

Seizure
types (as
appeared)

Development Neuroimaging
(MRI)

Gene Variant Details Amino acid
change

Zygosity and
Segregation/
inheritance

Significance
ACMG
201518

Literature

1a F/9 Erratic
Myoclonus,
IS, Tonic

GDD, Social
communication
disorder

Cerebellar
atrophy

SCN2A NM_001040142.1
c.638 T > G

p.Val213Gly* Heterozygous De
novo

Likely
Pathogenic

This study
PMID : 23935176 [Different variant
affecting the same codon V213D]

2a M/6 Focal Clonic,
IS

GDD, Social
communication
disorder

Normal STXBP1 NM_003165.3
c.1610 T > C

p.Leu537Pro* Heterozygous De
novo

Likely
Pathogenic

This study

3a M/8 Myoclonus,
tonic, IS

GDD Normal STXBP1 NM_003165.3
c.1439C > T

p.Pro480Leu* Heterozygous De
novo

Pathogenic PMID:21770924

4a M/8 Tonic, IS GDD, Social
communication
disorder

Normal GRIN1 NM_001185090.1
c.2039G > A

p.Arg680Gln* Heterozygous De
novo

Likely
Pathogenic

This study

5a M/6 IS GDD, Social
communication
disorder

Normal SIN3A NM_001145358.1
c.1888del

p.
Ile630SerfsTer55*

Heterozygous De
novo

Likely
Pathogenic

This study

6a F/6 Tonic
Seizures, IS,
Focal

GDD, Social
communication
disorder

Normal CYFIP2 NM_001037332.2
c.259C > T

p.Arg87Cys* Heterozygous De
novo

Likely
Pathogenic

PMID:29534297

7a F/5 IS, Focal
Clonic

GDD Lissencephaly DYNC1H1 NM_001376.4
c.926G > A

p.Arg309His* Heterozygous De
novo

Likely
Pathogenic

Clinvar:RCV000191045.1

8a M/10 IS, Focal
Clonic

GDD Normal TUBB2A NM_001069.2
c.484C > T

p.Arg162Cys* Heterozygous De
novo

Likely
Pathogenic

This study

9a F/10 IS, Tonic GDD Normal PRUNE NM_021222.1
c.46C > T/
c.316G > A

p.Arg16Ter/ p.
Asp106Asn**

Compound
heterozygous
variants

Pathogenic Asp106Asn: PMID:26539891
Arg16Ter: This study

10b F/5 IS GDD, Social
communication
disorder, dyskinesia

Normal NA arr[hg19] 2q22.1q22.3
(139,135,404–
144,963,991)x1

NA Heterozygous
Likely De novo$

Likely
Pathogenic

Heterozygous deletion involving
chromosome 2 (5.8 Mb) indicating
monosomy for this region. The genes in
this region include SPOPL, NXPH2,
YY1P2, LRP1B, KYNU, ARHGAP15 and
GTDC1

11b M/5 IS GDD Corpus
callosaldysgenesis

NA arr[GRCh37] 5q14.3
(87489736_88841231)x1

NA Heterozygous
Likely De novo$

Pathogenic Heterozygous deletion of 1.4 Mb on
chromosome 5 at q14.3 region,
indicating monosomy for this region.
This region contains the 3 OMIM genes;
LINC00461 (616611), MIR9-2 (611187),
MEF2C (600662).

12b F/5 IS, Tonic GDD, Social
communication
disorder

Normal NA arr[GRCh37]
Xp22.11p11.23
(23309293_47698937)x1
[0.76]

NA Heterozygous
Likely De novo$

Likely
Pathogenic

Mosaic loss (76%) on chromosome X
within cytoregion p22.11p11.23
(24.3 Mb), indicating mosaic
monosomy for this region. This mosaic
region contains 76 OMIM genes and
overlaps chromosome Xp21
microdeletion syndrome.

Abbreviations: a – Trio exome analysis results; b – Microarray results; IS – Infantile spasms; GDD – Global developmental delay; * – Heterozygous De Novo variant; ** – Compound heterozygous variants (Arg16Ter inherited from
mother; Asp106Asn inherited from father); $-parental testing not available. PMID- PubMed reference number, The Annotations are based on (Grch37/hg19). The nucleotide numbering reflects cDNA numbering; the initiation
codon is codon 1.
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Three patients (2 were dysmorphic) had microdeletions on
array aCGH. Eight had point mutations on trio WES in CYFIP2,
GRIN1, PRUNE, SCN2A, SIN3A, STXBP1 (two patients), TUBB2A genes
(all except one were de novo).

All eleven patients had global developmental delay and a
majority (8/11, 73%) also had social-communication disorder.

3.3. Unknown group

In 17/113 (15%) patients no etiology could be established,
despite extensive radiological, metabolic and genetic evaluation.
All had a normal brain MRI.

In this group a smaller proportion of patients had developmen-
tal delay (5/17, 29.4%) and social-communication disorder (5/17,
29.4%) as compared to the genetic group.

3.4. Lead time to treatment

The median age at which a child was seen by a pediatric neurol-
ogist was 8 months (Range 2–72 months). The median lead time to
specific spasm treatment for IS was 60 days (0–66 Months). There
was a statistically significant difference (p value- 0.00193) in med-
ian lead time to treatment between responders (median- 30 days
[Range- 0 days to 43 months]) and non-responders (median-
90 days [Range- 14 days to 66 months]). The distribution of lead
time among responders and non-responders is depicted in supple-
mentary figure (Fig. S1).

3.5. Treatment response

All 113 patients initially received treatment for IS. The follow up
period ranged between 1–26 months (Median – 14 months). Two
patients were lost to follow-up, and 1 not treated according to
UKISS protocol, so these 3 were excluded from the final analysis
of 110 patients. First line treatment was oral steroids in the 105
patients without TS, and vigabatrin in the 5 with TS. All 5 patients
with TS had a complete response to vigabatrin.

Overall, 61/110 patients (56%) responded to first-line therapy
(Table 2). A further 18 patients (17%) responded to second-line
therapy, leaving 31/110 (28%) patients with drug-resistant spasms.
There was no difference in age at presentation between those with
resistant spasms and those responding to first or second-line ther-
apy. Patients in the structural group were less likely to have resis-
tant spasms than those in the genetic or unknown groups
(p = 0.013 (OR 0.30 [0.12–0.76]). We investigated for whether
Table 2
Relation of age at presentation and etiology to treatment response.

N (%) responding to
first line therapy

Cumulative N (%) responding t
second line therapy

All patients– 61/110 (56%) 79/110 (72%)
Age at presentation with spasms––

� 6 months 40/70 (57%) 53/70 (76%)
> 6 months 19/36 (53%) 24/36 (66%)
Etiological Groups
Structural 48/82 (59%) 64/82 (79%)
Genetic 5/11 (45%) 5/11 (45%)
Unknown 8/17 (47%) 10/17 (59%)
Main Etiologies
NHBI 24/38 (60%) 29/38 (73%)
Neonatal asphyxia 11/27 (38%) 19/27 (62%)
Tuberous Sclerosis 5/5 (100%) 5/5 (100%)
Other single gene disorder

or microdeletion
5/11 (45%) 5/11 (45%)

Unknown 8/17 (47%) 10/17 (59%)

NHBI= Neonatal Hypoglycemic brain injury; NA= not applicable.
–3/113 patients excluded; ––Information not available in 7/113 patients.

6

underlying specific etiology was associated with treatment
response. In the genetic group more than half (55%) (Table 2) had
drug resistant spasms.

There was a linear relationship between lead time to treatment
and the presence of resistant spasms at 3 months (v2 for
trend = 10.0, p = 0.0015) (Table 3).
4. Discussion

This study is a comprehensive etiological evaluation of IS
patients from a tertiary care hospital in North India. Our hospital
serves as both a secondary and tertiary care center for the local
population, and for patients from neighboring states. We believe
our data authentically reflects the current circumstances of clini-
cians dealing with IS in India.

In each case the perinatal history was reviewed and confirmed
by the same experienced pediatric neurologist. Two radiologists
independently reviewed neuroimaging. A comprehensive genetic
evaluation was performed, where the perinatal history and inves-
tigations were unable to reveal the cause (Fig. 1). Hence we were
able to establish etiology in the majority (83%) of our patients.
There have been few similar studies with a detailed clinical and
genetic evaluation, with an etiological yield of 61–64% [2,3]. These
studies though were done in better equipped health care setups,
than ours [2,3]. While we had a higher proportion of patients with
identified acquired causes compared to prenatal causes, the oppo-
site was true in previous studies [2,3]. All our patients with a pre-
sumed genetic cause also had a more comprehensive genetic
evaluation which included trio WES and array aCGH. Both these
factors could have contributed to the better yield in our study.

In our study, as reported by other authors from India [4–6], the
most common acquired cause of IS was due to a perinatal insult. In
previous works from India, neonatal asphyxiation brain injury was
the commonest antecedent cause [4–6]. In contrast, NHBI was the
most common cause of IS in our cohort, representing more than a
third of all patients.

The babies with NHBI usually become unwell in first 72 hours of
life [26]. These babies can be mistaken for having perinatal asphyx-
ia, since both conditions may present similarly, and blood sugars
are often not documented or given due importance [9]. This could
be one of the reasons for only a few patients with neonatal hypo-
glycemia who subsequently developed IS, having been reported in
the past [4–6,11]. The reliability of neuroimaging in diagnosing eti-
ologies of epilepsy syndromes is well established, and can be used
to circumvent this problem of limited record keeping in resource
o N (%) with resistant
spasms at 3 months

P value, Fishers Exact test. (Odds ratio [95% CI])
for resistant spasms at 3 months

31/110 (28%) NA

17/70 (24%) > 0.05
12/36 (37%)

18/82 (21%) 0.013 (OR 0.30 [0.12–0.76])
6/11 (55%) > 0.05
7/17 (41%) > 0.05

8/38 (24%) > 0.05
10/28 (35%) > 0.05
0/5 (0%) > 0.05
6/11 (55%) 0.044 (OR 3.70 [1.03–13.21])

7/17 (41%) > 0.05



Table 3
Lead time to treatment and treatment response.

Lead time N (%) responding to
first line therapy

Cumulative N (%) responding to
second line therapy

N (%) with resistant
spasms at 3 months

v2 test for trend (resistant
spasms at 3 months)

N with missing information of
treatment response

�7 days 10/11 (91%) 11/11 (100%) 0/11 (0%) (v 2 = 10.0 (1 d.f.),
p = 0.0015)

1
8-14 days 9/16 (56%) 15/16 (94%) 1/16 (6%) 0
15 days to 2

months
23/44 (52%) 30/44 (68%) 14/44 (32%) 2

> 2 months 19/38 (50%) 23/38 (61%) 15/38 (39%) 0
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limited settings [20,22]. NHBI most commonly results in occipital
gliosis, in contrast to perinatal asphyxia which causes more peri
rolandic and basal ganglia insult [9,20,22,23]. If blood sugar levels
were not available, neuroimaging was used as an important objec-
tive parameter in determining the most likely etiology, in our
study. Udani et al. [9] had also used MRI brain as an objective mar-
ker for identifying etiologies in their patients with symptomatic
infantile epilepsy.

The higher incidence of neonatal hypoglycemia in developing
countries is due to emphasis on exclusive breast feeding, and lack
of support for mothers to help establish lactation [10,26]. These
babies are at significant risk to develop hypoglycemia even with-
out other associated risk factors [23]. This is reflected in majority
of our NHBI babies being term babies with normal birth weight;
this observation was also made in a recent study from India on
spectrum of epilepsies associated with NHBI [10].

There appeared to be a significant gender bias (87 males; 77% of
total patients) in our study. A similar overwhelming bias has also
been noted in previous studies on IS from India, as a male child
is usually brought to medical attention earlier in Indian culture
[4–6,10].

Using advanced genetic testing (Fig. 1) we could achieve a
molecular diagnosis in nearly half (45.7%; 16/35) of patients tested.
This included 31% (9/29) yield of trio WES in our study as a first
line genetic investigation in non-TS and non-dysmorphic IS
patients, results comparable to other similar studies [3,7,27].

Despite the high number tested only 3/22 (13.6%) had signifi-
cant copy number variants on chromosomal array aCGH, of whom
2 were also dysmorphic. In a similar study of 44 patients with
unexplained IS, array aCGH revealed a de novo variant in only
3/44 (7%) of patients [7]. Contrary to what has been suggested
[3], we would recommend applying chromosomal microarray first
only to patients who along with epilepsy and developmental dis-
ability are also dysmorphic, though cost differences between array
aCGH and WES must be considered.

In spite of exhaustive genetic investigations, we were still not
able to determine an etiology in 19 patients (17 unknown & 2
structural-unknown; Fig. 2). It is possible that including mitochon-
drial gene sequencing in standard genetic testing protocol [28] and
identification of novel genes could potentially unravel the etiology
in some of them. Similarly, better neuroimaging techniques in the
future might be able to identify small dysplastic lesions in some of
the remaining patients [29].

Our study revealed a significant lead time to seeing a pediatric
neurologist and initiating appropriate treatment, a delay contribut-
ing to resistant spasms later. A significant lead time from spasm
onset to first presentation to a pediatric neurologist is not unusual
in both a resource limited setting and even in a better equipped
health care set ups [4,5,15]. The baby is often misdiagnosed to have
infantile colic or an excessive startle response at first [15,30]. In
developing countries, even after an epilepsy diagnosis, these
patients are often managed with inappropriate antiseizure medica-
tions [4]. Access to good quality standard neurodiagnostic and neu-
rophysiological testing is also limited and concentrated to single
centers, as was also common in our region [31]. All these factors
7

could contribute to the significant delay in diagnosis and appropri-
ate early treatment of infantile spasm.

It has been suggested that response to treatment and subse-
quent developmental outcomes are better if treatment is initiated
earlier [13,14]. There are no clear criteria stating what constitutes
as early or late treatment. Previous studies have demonstrated that
early initiation of specific treatment for spasms is associated with
both earlier control of seizures [32] and more favorable neurode-
velopmental outcome [33,34]. In our study we have demonstrated
an association between lead time to treatment of IS and treatment
success is also observed in a lower middle-income country setting.
There was a significant statistical association between lead time
and treatment response in our cohort with IS (Table 3).

We found a high rate of drug resistant spasms (55%) in patients
with a genetic etiology (not including those with a structural
genetic etiology). A recent study also confirmed the unfavorable
outcome in IS patients with an underlying genetic etiology or an
unknown cause [16]. Our number of patients (Table 2) with a
non-TS genetic etiology (N = 11) was small and should be validated
with a larger cohort. As follow up video-EEG telemetry was not per-
formed, it is also possible that we could have missed subtle spasms
on clinical enquiry, in all etiological groups. The facility to allow a
prolonged (6–24 hour) inpatient video EEG to capture subtle
spasms, is unfortunately not available at our center. This also
reflects the realistic situation inmost of the centers in resource lim-
ited settings. This resource limitation was taken into consideration
when a consensus statement for case definitions and outcomemea-
sures in studies of IS and West syndrome was proposed which
agreed that studies which report only primary clinical outcome
can also provide important useful information [35].

There were several limitations to our study. This is not a
population-based study, hence bias is inevitable, seen by the sig-
nificantly greater number of males seen. As this was a retrospec-
tive cohort group, some patients (N = 11) with inadequate
information could not be recruited. Also due to the retrospective
design, it is possible that some information in the perinatal period
might be unavailable. This also precluded us from excluding cul-
ture negative neonatal sepsis and undocumented birth asphyxia
as co-morbidities in patients with neonatal hypoglycemia. How-
ever neuroimaging in all NHBI patients had features to suggest pri-
marily a hypoglycemic brain injury.
5. Conclusions

This study highlights the contribution of preventable perinatal
insults, particularly neonatal hypoglycemia as an important cause
of IS in a resource limited setting. There is an urgent need to
develop guidelines for early recognition and optimal management
of neonates at risk of developing hypoglycemia. We could also con-
firm that there was a significant delay in diagnosing and appropri-
ately treating IS patients, leading to increased risk of drug resistant
spasms. Hence it is vital for pediatricians, family practitioners, and
the general public to be educated about early identification and
appropriate treatment of neonates with IS.
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