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Background: Infantile epileptic spasms syndrome (IESS)
is a severe form of infantile epilepsy with a high lifetime
morbidity burden.

Purpose: We aimed to assess the long-term epilepsy and
neurodevelopmental outcomes based on how children
with IESS have been managed over the past few decades.
Methods: This retrospective multicenter study included
children diagnosed with IESS between 1994 and 2021 with
a minimum follow-up period of 2 years. Data on demo-
graphics, clinical features, medical history, diagnostic
evaluations, and treatments used to control spasms were
collected. Epilepsy and neurodevelopmental outcomes
were assessed at final follow-up.

Results: A total of 378 infants with IESS were included.
The mean age at onset of spasms was 7.3 (range, 1-24)
months and mean follow-up duration was 7.9 (range, 2-28)
years. Etiologies were identified in 65.1% of cases, with
acquired structural etiologies being the most prevalent
(29.9%). Among the genetic and genetic-structural etiolo-
gies, tuberous sclerosis complex (n=35), Down syndrome
(n=8), Miller-Dieker syndrome (n=3), and 15q duplication
syndrome (n=3) were the most common. Vigabatrin was
prescribed to 93.9% of the patients, suggesting that it was
the mainstay of treatment. At the last follow-up, 77.8% of
the children remained on antiseizure medications and
29.1% had drug-resistant epilepsy. Approximately 90% had
intellectual disabilities, and half of the eligible individuals
had received special education.

Conclusion: The IESS imposes a substantial burden
on affected children and their families and often leads
to chronic epilepsy and impaired cognitive function.
Consensus diagnostic and treatment guidelines tailored
to the Korean clinical practice are necessary to ensure
early diagnosis and timely treatment.
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Key message

Question: How have epilepsy and cognitive outcomes of
children with infantile epileptic spasms syndrome (IESS)
evolved over the past 20 years?

Finding: Approximately 78% of children developed chronic
epilepsy, and one-third progressed to drug-resistant epil-
epsy, while 90% of them exhibited intellectual disabilities.

Meaning: Given the poor outcomes associated with IESS,
consensus guidelines tailored to Korean clinical practice
are required to ensure timely treatment and improve
outcomes.

Introduction

Infantile epileptic spasms syndrome (IESS) is a severe
form of epilepsy syndrome, characterized by clusters of
brief spasmodic seizures and a distinct electrographic pat
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Graphic abstract

tern, often accompanied by developmental regression.
IESS is associated with poor long-term outcomes, such as
a high risk of persistent epilepsy and neurodevelopmental
impairment. About 70% of patients develop other types of
epilepsy, and 18%-23% progress to Lennox-Gastaut Synd-
rome (LGS).2 In addition, 80% of patients have combined
intellectual disability, and often accompanied by autism
spectrum disorder.? Several factors such as persistent
spasms or tonic seizure after 90 days, developmental delay
before onset of spasms, and abnormal brain imaging have
been reported as poor prognostic factors.?

Hormonal therapy and vigabatrin are known as the stan-
dard treatment for IESS. Numerous randomized controlled
trials have been published exploring various treatments,
dosages, and combinations to achieve both electroclinical
remission and neurodevelopmental outcomes. For short-
term outcome controlling spasms, hormonal therapy is
generally more effective than vigabatrin, although vigaba-
trin shows greater efficacy in tuberous sclerosis complex
(TSC)-associated spasms.” In hormonal therapy, outcome
of adrenocorticotropic hormone (ACTH) was better than
that of prednisolone. The difference in long-term neuro-
developmental outcomes according to treatment regimens
have not yet been clarified. However, it is certain that early
initiation of the first-line treatment regimen and a timely
electroencephalography (EEG) assess for resolution of
spasms improve neurodevelopmental outcomes.®

Management of IESS exhibits considerable variation
across the countries, reflecting differences in treatment
prioritization, diagnostic protocols, and regional resource
availability. Several countries made consensus guidelines
for diagnosis and treatment of IESS.”” In Korea, the next-ge-
neration sequencing (NGS) panel testing and chromosomal
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microarray (CMA) are actively utilized in clinical practice.'®)
However, there is no consensus guidelines for etiologic
investigation and treatment of IESS. This study aimed to
evaluate long-term outcomes of children with IESS and
review the evaluation and treatment in a real-world Korean
multicenter clinical practice over the past decades.

Methods

1. Study design

This is a retrospective cohort study conducted across
6 pediatric epilepsy centers. For this retrospective study,
each center used the International Classification of Dis-
eases 10th Revision diagnostic code G40.4 (representing
West syndrome and infantile spasms) to identify child-
ren with IESS from their clinical data warehouses.
Investigators reviewed cases from electronic medical
records (EMRs) and identified cases of IESS based on
the 2021 International League Against Epilepsy (ILAE)
diagnostic guidelines. Based on the 2021 ILAE guideline,
children with a history consistent with epileptic spasms,
with an onset between 1 and 24 months of age, and EEG
features of hypsarrhythmia, modified hypsarrhythmia, or
diffuse slowing with multifocal spikes were included.” For
a long-term outcome, we included cases of IESS who were
followed for at least 2 years. We excluded cases lacking
complete information on treatment regimes, as treatment
approach could not be assessed.

The primary outcome was the long-term epilepsy out
come and neurodevelopmental status at the last follow-
up. Epilepsy outcomes were classified as drug-resistant
epilepsy (DRE), nondisabling seizures while taking anti-
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seizure medication (ASM), seizure control with ASM, and
seizure free after discontinuation of ASM. Neurodevelop-
mental status was assessed either by clinical assessment
by physicians or standardized neuropsy chological evalu-
ations. We performed a subgroup analysis by treatment
period to assess whether these outcomes improved with
recent treatments. The treatment groups were classified
as those treated before and after 2012. The secondary
outcome was to investigate diagnostic evaluations and
treatment approaches such as medication, epilepsy sur-
gery, and dietary therapy. Due to the retrospective nature
of the study, the exact date of spasms resolution could
not be determined. Therefore, a responder was defined
as a child who experienced cessation of spasms within 6
months of onset. Relapse was defined as the reappearance
of clinical spasms or hypsarrhythmia on any EEG per
formed at least one month after initial response.? Clini-
cal data such as demographics, birth history such as
perinatal complications and neonatal seizures, spasms
onset, EEG findings, neuroimaging, treatment regimens,
and neurodevelopmental status were collected from the
EMRs. Results of karyotyping, CMA, targeted single-gene
sequencing, NGS epilepsy gene panels, whole exome se-
quencing (WES) were reviewed. Pathogenic findings, as
reported by the laboratory or medical literature, were
considered clear abnormalities. Etiologies were catego-
rized based on all available investigations into 8 subgroups:
genetic, genetic-structural, congenital structural, acqu-
ired structural, metabolic, immune, infectious, and un-
known.” TSC was classified as genetic-structure that
genetic disorder results in structural brain changes and
causes epilepsy. Brain malformation without a docu-
mented genetic etiology, such as focal cortical dysplasia,
polymicrogyria, simplified gyri were considered as con-
genital structural etiology. Both perinatal and postnatal
etiologies of structural brain changes were considered as
acquired structural etiology.

2. Statistical analysis

Baseline characteristics of children with IESS were
summarized using frequencies and proportions. Primary
and secondary outcomes were calculated as numbers
and percentages. Categorical variables including epilepsy
outcomes and neurodevelopmental outcomes were com-
pared using the chi-square test or Fisher exact test. For
pairwise categorical comparisons, odds ratios (ORs) with
95% confidence intervals (CIs) were calculated using Fisher
exact test to estimate the strength of association between
categorical variables. All analyses were conducted using R
ver.4.5.2. (R Foundation for Statistical Computing, Austria).
Statistical significance was defined as P value less than
0.05.

3. Ethics statement

This study was reviewed and approved by local Institu-
tional Review Board (IRB) of participating individual
centers: Ewha Womans University Mokdong Hospital
(IRB No. 2022-05-037), Seoul National University Hospital
(IRB No. 2207-217-1347), Seoul National University Bundang
Hospital (IRB No. B-2301-807-405), Chungbuk National
University (IRB No. 2022-07-012-001), Asan Medical Center
(IRB No. 2022-0958), and Samsung Medical Center (No.
2022-06-081). Informed consent was waived by the review
boards, however, data security and confidentiality were
ensured each institution in accordance with its privacy
policy.

Results

A total of 378 patients with IESS were included in this
study. The mean age at spasm onset was 7.3 (standard
deviation [SD] 4.4, range 1-24) months (Table 1). The mean
follow-up duration was 7.9 (SD, 5.6; range, 2-28) years.

Table 1. Demographics of children with infantile epileptic
spasms syndrome (N=378)

Clinical features Value
Age of spasms onset (Mo) 7.3+4.4 (1-24)
Follow-up duration (yr) 7.945.6 (2-28)
Sex, male:female 206:172
Gestational age (wk) (8 missing) N=370
<35 52(14.1)
>35 318(85.9)
Perinatal complications (11 missing) 137 (37.3)
Neonatal seizure (11 missing) 74(20.2)
Etiology
Unknown 132(34.9)
Acquired structural 113(29.9)
Congenital structural 43(11.4)
Genetic-structural 46(12.2)
Genetic 29(7.7)
Infectious 11(2.9)
Metabolic 4(1.1)
Treatment regime
Medication only 287 (75.9)
Medication and dietary therapy 84(22.2)
Epilepsy surgery 15(4.0)
Corpus callosotomy 6
Lesionectomy 5
Vagus nerve stimulation 3
Hemispherectomy 1
Status epilepticus (2 missing) 15(4.0)

Special education at kindergarten or 62 (53.9) (applicable for 115 children)
elementary school

Special education at high school 28(59.6) (applicable for 47 children)
Mortality 14(3.7)
Values are presented as meantstandard deviation (range) or number (%).

www.e-cep.org

https.//doi.org/10.3345/cep.2025.02089 388


https://doi.org/10.3345/cep.2025.02089

The etiology of IESS was identified in 65.1% of the cohort,
with acquired structural causes being the most com:
mon (29.9%), followed by genetic-structural (12.2%) and
congenital structural causes (11.4%) (Fig. 1). Of acquired
structural causes, hypoxic-ischemic encephalopathy (42.5
%, 48 of 113) and brain injury secondary to prematurity
(37.2%, 42 of 113) were common. There were 75 children
with genetic and genetic-structural etiologies including
52 single nuclear gene disorders and 23 chromosomal
disorders (Supplementary Table 1). Among the single
nuclear gene disorders, 35 cases were TSC accounting for
76.1% of genetic-structural etiology. In chromosomal dis-
orders, there were 8 Down syndrome, 3 Miller-Dieker
syndrome, and 315q duplication syndrome. The responder
rate was 36.4%, and relapse occurred in 8.0% (23 of 286
children with available data).

At the last follow-up, 77.8% of cohort were considered
as having chronic epilepsy taking ASMs while 22.2% had
discontinued ASMs (Fig. 2). Among those who take ASMs,

Etiology of IESS (%)

m Unknown m Acquired structural ® Congenital structural

Genetic-structural ~ m Genetic m Infectious

u Metabolic

Fig. 1. Etiology of infantile epileptic spasms syndrome (IESS).

Epilepsy outcome (%)

® Drug resistant epilepsy
Nondisabling seizures with ASM

= Seizures controlled with ASM

= ASM discontinuation (no seizures)

Fig. 2. Long-term epilepsy outcomes at the last follow-up. ASM,
antiseizure medication.

Table 2. Epilepsy outcomes by etiology

29.1% were considered as having DRE, 25.9% achieved
seizure control while on ASMs, and 22.8% continued to
have nondisabling seizures while on ASMs. Children with
an unknown etiology showed better seizure outcomes than
those with structural (acquired or congenital), infectious,
or genetic-structural etiologies (Table 2, Supplementary
Table 2). Records of neurodevelopmental assessments were
available for 350 children at the last follow-up. Of these, 225
were assessed by physicians and 154 underwent standar-
dized neuropsychological evaluations such as the Bayley
Scales or Wechsler intelligence tests. Overall, 89.7% (314 of
350) were identified as having some degree of intellectual
disability (164 of 225 assessed by physicians and 150 of 154
assessed by standardized neuropsychological evaluations).
Among the children who met age criteria for school
attendance and had available data, 53.9% (62 of 115 eligible
children) received special education in kindergarten
and/or elementary school. In addition, 59.6% (28 of 47
eligible children) had special educational support in their
junior high school. In a subgroup analysis by treatment
period, seizure outcomes after 2012 were significantly
improved compared with those treated before 2012 (chi-
square=23.69, P<0.001). The proportion of DRE cases
was significantly reduced in children treated after 2012,
whereas neurodevelopmental outcomes remained un-
changed (Table 3). As natural or synthetic ACTH were not
available in Korea, the main treatments used for spasms
control were vigabatrin and steroid therapy. In overall
cohort, 240 children had vigabatrin monotherapy, 115 had
combination of vigabatrin and steroid therapy, 7 children
had steroid monotherapy, and 15 had other ASMs (Fig. 3).
Two forms of steroids, oral prednisolone (73%, 89 of 122)
and intravenous methylprednisolone therapy (37%, 33 of
122) were used. Most children who received intravenous
methylprednisolone transitioned to oral prednisolone. In
35 children with TSC, 31 had vigabatrin monotherapy, 3
with combination therapy, and 1 with oral prednisolone.
In addition to medical treatment, 22.2% (84 of 378) of the
cohort received dietary therapy and 4.0% (15 of 378) had
epilepsy surgery. In comparison of outcomes between
combination therapy and vigabatrin monotherapy, the
proportion of seizure-free children was higher in com-

Etiology
Outcome Unknown  Structural-acquired  Structural-congenital ~ Genetic-structural Genetic  Infectious  Metabolic
(N=132) (N=113) (N=43) (N=46) (N=29) (N=11) (N=4)
Seizure free (ASM discontinuation) 50 (37.9) 13(11.5) 6(14.0) 3(6.5) 11(37.9) 0(0) 1(25)
Seizure controlled with ASM 25(18.9) 40 (35.4) 11(25.6) 16(34.8) 3(10.3) 3(27.3) 0(0)
Nondisabling seizures with ASM 16(12.1) 30(26.5) 14(32.6) 11(23.9) 8(27.6) 4(36.4) 3(75)
Drug-resistant epilepsy 41 (31.1) 30(26.5) 12(27.9) 16 (34.8) 7(24.1) 4(36.4) 0(0)

Values are presented as number (%).
ASM, antiseizure medication.

389 Choi SA, et al. Outcome of infantile epileptic spasms syndrome

www.e-cep.org



Table 3. Epilepsy and neurodevelopmental outcomes by treatment period

Outcome Treatment before 2012 (N=184)  Treatment after 2012 (N=194) Odds ratio (95% CI) Pvalue
Seizure free (ASM discontinuation) 40(21.7) 44.(22.7) 1.06 (0.63-1.77) 0.902
Seizure controlled with ASM 41(22.3) 57(29.4) 1.45 (0.89-2.38) 0.127
Nondisabling seizures with ASM 29(15.8) 57 (29.4) 2.17(1.28-3.73) 0.003
Drug-resistant epilepsy 74 (40.2) 36(18.6) 0.35(0.21-0.56) <0.001
Intellectual disability 151(82.1) 161(83.0) 1.06 (0.50-2.26) 0.862

Values are presented as number (%) unless otherwise indicated.
ASM, antiseizure medication; CI, confidence interval.
Boldface indicates a statistically significant difference with P<0.05.

Treatment regimens

.. Others
Steroid 4%

2%

Combination
and st
30

Vigabatrin*
64%

Fig. 3. Treatments used to control epileptic spasms. *Combination
with other antiseizure medications of diet therapy are included.

bination therapy while a higher proportion of children
achieving seizure control with ASM in vigabatrin mono-
therapy (Supplementary Table 3). However, there were no
significant differences in other seizure outcomes such as
DRE or in neurodevelopmental outcomes.

Discussion

This study demonstrates the long-term epilepsy and
developmental outcomes based on how children with IESS
were treated from the late 1990s to the early 2020s. Overall,
three-quarters of the children eventually developed
chronic epilepsy, with one-third of the children being
considered as DRE. This is in keeping with the literature
which describes that, in long-term, two-thirds of the child-
ren had seizures and 18-23% evolved into LGS.>*? In a
subgroup analysis, we found out that the proportion of
DRE cases was significantly reduced in children treated
after 2012. This improvement may be attributed to the
broad range of therapeutic options available for DRE and
the more aggressive treatment strategies for IESS. Children
with an unknown etiology showed better seizure outcomes
than those with structural, infectious, or genetic-structural
etiologies. This is consistent with the well-established
observation that idiopathic etiologies generally have a

more favorable prognosis than symptomatic etiologies.? In
this study, we measured neurodevelopmental outcomes by
clinical assessment and found out that 90% of children with
IESS experienced some degree of neurodevelopmental
delay and half of them had special education. These fin-
dings are comparable to the long-term Finnish study
which reported 83% (122 of 147 survivals) had mild to severe
intellectual disabilities and required educational support.?
Various prognostic factors of neurodevelopmental out
come have been reported, such as cryptogenic etiology,
short latency time to treatment, and normal development
before the onset of spasms. It is clear that early recognition
and prompt treatment of spasm remains the most crucial
factor for better neurodevelopmental outcome.*'» Child-
ren with IESS are generally at high risk of having poor
neurodevelopmental outcomes, therefore they should be
referred for early evaluation and intervention if there are
any developmental concerns.

Similar to the results from United Kingdom Infantile
Spasms Study (UKISS) and National Infantile Spasms
Consortium (NISC), 65.1% of children with IESS had a
proven etiology.>'® Specifically, acquired structural etiolo-
gies made up the largest proportion in our cohort (29.6%)
which also comprised 22.4% in the NISC.>" Hypoxic-
ischemic encephalopathy and brain insults associated
with prematurity were major findings in acquired struc-
tural etiology. Brain magnetic resonance imaging demon-
strated causal abnormalities in 53.4% of children, and thus
necessary as a first-line investigation. If there is structural
lesion related to a genetic disorder, relevant specific genetic
testing would be recommended. If imaging is uninforma-
tive, combination of genetic testing such as CMA or NGS
epilepsy gene panels would be considered. When consider-
ing genetic and genetic-structural etiology, nuclear gene
disorders were more common than chromosomal disor-
ders. The recent Indian study of genetic IESS demonstrated
wide heterogeneity of monogenic disorders and reported
that monogenic disorders are the common genetic
cause of genetic IESS.”® On contrary, when we focused
on 29 children with pure genetic IESS, we found a higher
frequency of chromosomal disorders (62%, 18 of 29) than
in nuclear gene disorders (38%, 11 of 29). This could be
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attributed to our inclusion criteria of which include few
children who underwent NGS gene panel. Wirrell et al.”?
mentioned the combination of array comparative genomic
hybridization and epilepsy gene panel provide a high
yield of definitive diagnosis in more than 40% of children
without obvious cause, suggesting CMA and gene panel
as compatible for the first-tier assessment. Single nuclear
gene disorders were the dominant cause of genetic IESS
and these involved genes are widely heterogeneous, WES
can be considered as a second-tier assessment.' Our study
suggest that metabolic disorders are a rare cause of IESS,
11% of our cohort (Supplementary Table 4).

ACTH, prednisolone, or vigabatrin are commonly used
as firstline treatment for IESS. There were various clini-
cal trials comparing natural or synthetic ACTH, high or
low doses of ACTH, high or low doses of vigabatrin, and
combinations of hormonal therapy with vigabatrin.?
Vigabatrin either as monotherapy or combination therapy
with steroid has been the mainstay treatment for spasms
in Korea over the past 20 years. Oral prednisolone or int
ravenous methylprednisolone was used as hormonal the-
rapy, but these steroid monotherapies were less common
than we expected. Hormonal therapy is known as supe-
rior to the vigabatrin that responder rate of hormonal
therapies ranges from 70%-87%, while that of vigabatrin
ranges 35%-54%.2022 A recent systematic review which
compared the efficacy of vigabatrin and hormonal therapy
recommended hormonal monotherapy for non-TSC-asso-
ciated spasms while vigabatrin as the first-line treatment
for TSC-associated IESS.?? They concluded that there is
limited evidence for combination therapy of vigabatrin
and steroid. Yet, there is no specific treatment which has
advantage on the neurodevelopmental outcome. The
UKISS study reported better developmental outcomes
in children with cryptogenic etiology who were treated
with steroids, but there were no significant differences
in epilepsy or developmental outcomes at age 4 between
those treated with hormonal therapy and those treated
with vigabatrin.%?¥ The ICISS trial also demonstrated
that combination therapy (hormonal and vigabatrin) was
more effective at controlling spasms but did not show any
advantage in developmental outcomes.?>?® Furthermore,
no advantage in developmental outcomes was observed
between ACTH and oral prednisolone.?” The proportion of
DRE and intellectual disability did not differ significantly
between the combination therapy and vigabatrin mono-
therapy groups. Although there were differences in specific
epilepsy outcomes between the 2 treatment groups, we
were unable to determine the underlying reasons for
these differences due to the retrospective nature of the
study. Confounding factors such as etiology or lead time
to treatment may have influenced the epilepsy outcomes

rather than a direct effect of the treatment. Given that
ACTH is not available in Korea and high dose steroid are
as effective as ACTH, high dose prednisolone of 40 to 60
mg/day would be strongly recommended for controlling
spasms.>?® Vigabatrin could be considered a firstline
treatment for children with TSC and those contraindicated
to steroid therapy. Combination of high dose prednisolone
and vigabatrin could also be another option, however, there
are limited data on long-term outcomes and concerns of
adverse effects. We found that there was a considerable
variation in the dosage and duration of vigabatrin prescrip-
tion. Thus, consensus guidelines are needed for each treat:
ment approach in detail. In addition, while one-third of
cohort were considered as DRE, most of them relied on the
medical treatment. Only 4% had epilepsy surgery which
can be another beneficial option for DRE. This might be
attributed to underutilization of surgical interventions
and neuromodulations in Korea which highlighting the
importance of considering surgical interventions.

Our study has several limitations. As a retrospective
study, there was variability in individual follow-up dura-
tions which might have influenced the overall outcomes.
In addition, data on the time from diagnosis to treatment
initiation and definite date of spasms cessation were not
available. We were unable to determine how the treat
ment latency and early treatment response affected the
overall outcomes. We assessed neurodevelopmental status
by clinical assessment rather than comprehensive neu-
ropsychiatric evaluations. This may lead to variations
in neurodevelopment outcome according to the criteria
applied for neurodevelopmental assessment. For the long-
term outcomes, we included children who followed up at
least 2 years. This could act as a selection bias by excluding
children who were recently diagnosed and underwent
gene panels or WES. Despite these limitations, our study
provides real-world evidence how children with IESS have
been managed. Also, this study highlights the needs of
diagnostic and treatment consensus guidelines based on
the Korean healthcare setting. The nationwide consensus
guidelines including diagnostic approach for etiological
investigation and a timely stepwise treatment selection
would be necessary to improve the overall outcomes.

See the article “Limited improvement in outcomes of
infantile epileptic spasms syndrome despite therapeutic
advances” via https://doi.org/10.3345/cep.2026.00745

Footnotes

Supplementary materials: Supplementary Tables 1-4 are
available at https://doi.org/10.3345/cep.2025.02089.
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