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Abstract

Objective To compare intravenous methylprednisolone (IVMP) with oral prednisolone (OP) for the treatment of West syndrome.
Methods In this randomized, open-label trial, children aged 2 to 30 mo presenting with epileptic spasms with hypsarrhythmia or
its variants on EEG were randomized to receive either IVMP (30 mg/kg/d for 3 d followed by oral prednisolone taper) or OP
(4 mg/kg/d for two weeks followed by taper). The primary outcome measure was spasms cessation on day 14. Secondary
outcomes included time to response, electroclinical remission at 2 and 6 wk, and frequency of adverse effects. (ClinicalTrials.
gov Identifier: NCT 03876444).

Results Sixty children were enrolled; 31 in the IVMP and 29 in the OP arm. Proportion of children achieving spasms cessation at
day 14 was similar in both groups (54.8% versus 68.9%, p =0.26). Time to achieve remission was lower in the IVMP group
(mean 5.4+0.9 versus 9.5+2.6 d, p<0.0001). Electroclinical remission at 2 wk was similar in both groups (51.6% versus
44.8%, p = 0.59) but lower at 6 wk in the [IVMP group (45.2% versus 75.9%, p < 0.015). Adverse effects like sleep disturbance,
irritability and hypertension were more common in [IVMP group whereas weight gain was more common in the OP group.
Conclusions There was no significant difference in spasms cessation between the groups on day 14 although remission was
higher at 6 wk in OP group. Our study suggests that OP was better than IVMP in efficacy and sustained remission with fewer

adverse effects.
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Introduction

West syndrome (WS) is an age-related epileptic encephalopa-
thy characterized by epileptic spasms, hypsarrhythmia on elec-
troencephalography (EEG) and frequent neurodevelopmental
delay/regression. Unfortunately, the treatment of this disorder
remains challenging. Hormonal treatment i.e., adrenocorticotro-
phic hormone (ACTH) or oral prednisolone (OP) is the treat-
ment of choice except in children with tuberous sclerosis (TSC)
where vigabatrin is the drug of choice [1, 2]. Steroids have been
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used in various doses starting from 2 mg/kg/d to up to 8 mg/kg/
d [3]. Some studies have also used a fixed dose of 40-60 mg/d
for 14 d [4].

Limitations including high cost and pain associated with
intramuscular injections preclude the use of ACTH in children
from low-resource settings. OP has disadvantages of require-
ments for steroid therapy over 4 to 6 wk and frequent associ-
ation with side effects such as irritability. Additionally, in the
present settings, efficacy of OP is approximately 40%—50%,
presumably due to late presentation and predominantly symp-
tomatic etiology [3].

Recently, there have been a few case series demonstrating
the benefit of intravenous high dose methylprednisolone in
children with infantile spasms (IS) [5—7]. Reported efficacy
is around 60%—83%, with spasms freedom being achieved
very early (day 2-3 of treatment) among responders.
Although this therapy necessitates hospitalization for 3 d,
overall treatment duration is shorter, and side effects such as
irritability seem to be lesser with improved efficacy rate.
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Several studies have shown hormonal therapy to be supe-
rior to vigabatrin in WS, other than TSC. In the UKISS trial,
hormonal treatments (prednisolone or tetracosactide depot)
were associated with cessation of spasms in a higher propor-
tion of infants, and with superior developmental scores in
those infants who had no identified etiology for their spasms,
than in those infants treated with vigabatrin [8, 9].

Therefore, the authors planned this randomized open-label
trial to compare the efficacy of intravenous methylpredniso-
lone (IVMP) with oral steroids taper versus OP in the treat-
ment of IS.

Material and Methods

This open-label parallel group randomized controlled trial was
undertaken between April 2019 and May 2020 at a pediatric
tertiary hospital in northern India which conducts sub-
speciality clinics for children with epilepsy. The authors had
initially planned the trial for 2 y. However, in view of the
countrywide lockdown due to the COVID-19 pandemic, the
authors had to prematurely terminate it. Hence, no new enroll-
ments were undertaken after March 2020. Written informed
consent was obtained from parents. Ethics approval was ob-
tained from the institutional ethics committee. The study was
registered with clinicaltrials.gov (NCT 03876444).

Children aged 2-30 mo with newly diagnosed epileptic
spasms in clusters with electroencephalographic evidence of
hypsarrhythmia or its variants were enrolled. These children
were not on any antiseizure medications prior to enrolment.
The authors did not include children with single spasms alone.
The diagnosis was confirmed by two pediatric neurologists
(DK, SS) based on clinical and electrographic features.
Children with progressive neurological illness, renal, pulmo-
nary, cardiac or hepatic dysfunction and/or severe malnutri-
tion (weight for length and height less than 3 SD for mean as
per WHO growth charts) were excluded.

Consecutive children meeting the eligibility criteria were
enrolled. Detailed history and examination were conducted
according to a preset proforma. Results of neuroimaging and
metabolic testing were documented. A baseline EEG (video-
EEG whenever possible) was performed at enrolment for a
minimum of 1 h including at least one sleep-wake cycle.

Eligible children were randomised using variable size,
block randomization (2, 4, or 6) using computer-generated
randomization sequence. Allocation concealment was done
using sequentially-numbered, opaque, sealed envelopes.
Neither the treating physicians nor the parents were blinded
to group allocation. A chest radiograph and tuberculin test
were obtained to screen for tuberculosis prior to starting hor-
monal therapy. Baseline weight and blood pressure (BP) were
measured.

Enrolled children were randomized into two arms: IVMP
arm received 3-d IVMP followed by short course oral steroids
and the other arm received conventional OP (Table 1).
Children in the IVMP arm were admitted for the first 3 d to
receive intravenous steroids and then discharged with oral
prednisolone taper over 2 wk. Oral steroids were administered
in crushed form. During the in-patient stay, BP and blood
sugar levels were monitored twice daily and serum electro-
lytes once daily. The OP arm was treated on out-patient basis.
Parents were trained to document spasms and maintain seizure
diaries.

Children were reviewed on out-patient basis via clinic
visits once weekly for the first two weeks, followed by once
in 2 wk during the trial period of 6 wk. Spasms frequency as
per parental seizure diaries was noted. Percentage reduction in
seizure frequency compared to the baseline was assessed in
accordance with seizure frequencies recorded daily by parents
in the seizure diary. The proportion of patients who achieved
spasms freedom according to parental reports was noted. A
1-h EEG record (video EEG whenever possible) including at
least one sleep-wake cycle was repeated at 2 and 6 wk (+2 d)
to ascertain resolution of hypsarrhythmia. Electroclinical res-
olution was documented if the child was spasms-free with
EEG resolution of hypsarrhythmia.

During each visit, the authors recorded: BP, body weight,
blood and urinary glucose levels, irritability, sleep distur-
bances, increased appetite, gastrointestinal problems or infec-
tions. Hypertension was defined as blood pressure > 95th per-
centile for the age and sex, when measured in a calm child
with appropriate sized cuff. Any other parental concerns re-
garding side effects were also noted. Adverse effects in both
groups was recorded. Oral prednisolone was dispensed from
the hospital and compliance was determined by pill count. All
responses were assessed by pediatric neurologists (DK, SS)
unblinded to the allocation.

The primary outcome measure was to compare the efficacy
of IVMP with OP in cessation of spasms (both clusters and
individual spasms), defined as no witnessed spasms for at least
48 h on day 14 from trial entry, as per parental reports. The
secondary outcomes were (a) time to response (defined as the
first day after initiation of trial treatment on which spasms
were not seen) (b) electroclinical response at 2 wk and at
6 wk; i.e., sustained spasms cessation with repeat EEG at
6 wk showing no recurrence of hypsarrhythmia. The outcome
measure of sustained electroclinical resolution at 6 wk was
chosen as per the Infantile Spasms Delphi consensus 2004
[10] and (c) to compare the safety of IVMP followed by oral
prednisolone with HDOP in terms of nature and proportion of
adverse effects among newly diagnosed patients with IS.

This trial was planned to test the hypothesis that adminis-
tration of [IVMP may be more efficacious than OP. By use of a
null hypothesis that the two groups would not have a signifi-
cant difference in spasms control outcome, and by defining
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Table 1 Dosage schedule in the
IV methylprednisolone and the

Group 1: Intravenous methylprednisolone

Group 2: Oral prednisolone

oral prednisolone group

Day 1-3: Intravenous methylprednisolone 30 mg/kg/d
Day 4-7: Oral prednisolone 2 mg/kg/d
Day 8-14: Oral prednisolone 1 mg/kg/d

Day 1-14 (2 wk): 4 mg/kg/d
Day 15-21 (1 wk): 2 mg/kg/d
Day 22-28 (1 wk): 1 mg/kg/d

25% as minimum outcome difference of clinical importance,
the authors estimated that a sample size of 56 patients per
group (1:1 allocation ratio) would enable the detection of dif-
ference that will be significant at 5% with a power of 80%.
This calculation was based on an expected responder rate of
40% in the OP arm based on past experience at the authors’
center [11].

Data were recorded on a predesigned proforma and man-
aged on an Excel spreadsheet. Quantitative variables were
summarised as mean + SD or median (minimum, maximum)
as appropriate. Categorical variables were summarised as fre-
quency. Chi square test and Fisher exact tests were used to
compare categorical data. Mann—Whitney test was used for
quantitative data with continuous variables. A p value < 0.05
was considered statistically significant. All statistical tests
were done using Stata 14.0 software. Analysis was inten-
tion-to-treat.

Results

A total of 60 children were randomized: 31 children to the
IVMP group and 29 to the OP group during the study period
(Fig. 1). Baseline demographic and clinical characteristics of
the two groups were comparable (Table 2). The median lag
(from age of onset of spasms to presentation) was 6.4 mo (SD
3.8 mo) in the IVMP and 7.2 mo (SD 4.7 mo) in the OP group
(p =0.46). Etiology was known in 51 (85%) patients in both
groups with the most common being symptomatic neonatal
hypoglycemia; all these children had associated MRI changes
of gliosis with/without encephalomalacia in the occipital and/
or parietal lobe. In 9 patients, no etiology could be ascertained.
All children enrolled had developmental delay.

There was no statistical difference in the proportion of chil-
dren achieving spasms cessation at day 14 in [IVMP versus the
OP group (17/31 [54.8%] versus 20/29 [68.9%], p =0.26)
(Table 3). However, time to achieve remission was less in
the IVMP group (mean 5.4+0.9 versus 9.5+2.6 d,
p<0.0001). There was no significant difference in proportion
of children achieving electroclinical resolution at 2 wk.

Six children (19.4%) in the IVMP group had recurrence of
spasms within 6 wk of initiating treatment after initial remis-
sion, with median time to recurrence being 38.7 d (IQR 35-42
d) (Table 3). However, none of the patients in the OP group
had recurrence of spasms in the follow-up duration. The

proportion of children with electroclinical remission at 6 wk
was significantly lower in the IVMP versus the OP group
(45.2% versus 75.9%, p < 0.015).

Adverse effects observed in both groups included increased
appetite, weight gain, sleep disturbances, excessive irritability,
hypertension, gastrointestinal complications (vomiting, gastri-
tis and abdominal pain), glycosuria, and infections (Table 4).
However, increased appetite (65.5% vs 3.2%) and weight gain
(75.9% vs 16.1%) were more common in the OP group
(p <0.05); whereas, sleep disturbances (61.3% vs 20.7%,
p=0.0014), excessive irritability (74.2% vs 31%, p=
0.0008) and hypertension (35.5% vs 10.3%, p =0.032) were
more frequently seen in the IVMP group. All children with
hypertension required brief course of oral antihypertensive
amlodipine and BP readings normalised within 2—4 wk time,
followed by tapering and withdrawal of drug. None of the
children were symptomatic for hypertension. One child in
the IVMP group developed asymptomatic hyponatremia
which resolved spontaneously within 42 h.

Discussion

The clinical characteristics of this cohort of children with WS
including male preponderance, late age of presentation, longer
lead time and predominant aetiology of perinatal brain injury
is reminiscent of the center’s past experience with WS [3,
11-13]. The major proportion of the etiology was contributed
by neonatal hypoglycemic brain injury and perinatal asphyxia.
Neonatal hypoglycemic brain injury is being increasingly rec-
ognized as a cause of WS in low-resource settings [14]. The
significant delay between clinical onset of spasms and initia-
tion of treatment (lead time) could be attributed to suboptimal
follow up of high-risk infants and lack of awareness regarding
early recognition of IS, both amongst parents as well as pri-
mary care physicians [13].

To the best of authors’ knowledge, this is the first study
comparing [VMP to OP for the treatment of WS. Over the past
two decades, high-dose IVMP pulse therapy has been used in
various epilepsies in order to reduce the side effects of
prolonged oral steroid therapy, while maintaining efficacy
[15-18]. Administered according to different regimens (with
dosages ranging from 15 mg/kg/d for three or five days to
30 mg/kg/d for two or three days) repeated at different inter-
vals (weekly or monthly), it has been shown to be successful
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Table 2 Baseline characteristics
of the study population Baseline characteristics Intravenous methylprednisolone Oral prednisolone P
(IVMP) group (OP) group value
(n=31) (n=29)
Sex
Male n (%) 22 (71) 19 (65.5) 0.65
Female n (%) 9(29) 10 (34.5)
Age at onset (mo)
Median (Interquartile range) 53-7) 5(3-8) 0.58
Age at presentation (mo)
Median (Interquartile range) 11 (9-13) 12 (7.5-18) 0.93
Lead time to treatment (mo)
Median (Interquartile range) 6 (4-8) 7 (3-11.5) 0.46
Etiology n (%)
Known
Neonatal hypoglycemia 13 (41.9) 10 (34.4) 0.55
Perinatal asphyxia 10 (32.2) 11 (37.9) 0.64
Neonatal sepsis 2 (0.06) 0 0.49
Cerebral malformations 1(0.03) 0 1.00
Post-encephalitic sequelae 2 (0.06) 2(0.07) 0.94
Unknown 3(0.1) 6(0.2) 0.23
EEG at presentation n (%)
Hypsarrythmia 18 (58.1) 14 (48.3) 0.45
Hypsarrythmia variant 13 (41.9) 15 (51.7)
Comorbidities n (%)
Microcephaly 20 (64.5) 21(72.4) 0.51
Cerebral palsy 20 (64.5) 22 (75.9) 0.34
Vision abnormality (refractive 13 (41.9) 10 (34.5) 0.56
error/squint)
Hearing deficit 9 (29.0) 11 (37.9) 0.47

Enrollment >

Assessed for eligibility (n = 67)

Excluded (n=7)
Severe acute malnutrition (n = 4)

Refused consent (n = 3)

Randomized (n = 60)

v

|

Intravenous methylprednisolone group
Allocated to receive intravenous
Methylprednisolone (n = 31)

Received allocated intervention (n = 31)
Did not receive allocated intervention (0)

'

Allocation

-

Lost to follow-up (n = 0)
Discontinued intervention (n = 1)

Follow-up

'

Analyzed (n = 31)
Excluded from analysis (n = 0)

Analysis

Fig. 1 Flow of patients in the study

Oral prednisolone group

Allocated to receive oral prednisolone (n = 29)

Received allocated intervention (n = 29)
Did not receive allocated intervention (0)

v

Lost to follow-up (n = 0)
Discontinued intervention (n = 1)

|

Analyzed (n=29)
Excluded from analysis (n = 0)
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Table 3  Treatment efficacy of intravenous methylprednisolone (IVMP) versus oral prednisolone (OP)
IVMP group OP group Odds ratio P value
(n=31) (n=29) (95% Confidence Interval)
Number of patients achieving spasm remission 17 (54.8%) 20 (68.9%) 1.3 (0.6-2.9) 0.26
as per parental reports at Day 14
Days to achieve spasm cessation
Mean (SD) 5.4+0.9 9.5+£2.6 - <0.00001
Proportion of children with electroclinical 16 (51.6%) 13 (44.8%) 0.9 (0.4-2.1) 0.59
resolution at 2 wk
Proportion of children with electroclinical 14 (45.2%) 22 (75.9%) 1.7 (0.7-3.9) 0.015
resolution at 6 wk
Recurrence of spasms within 6 wk 6(19.4) 0 0.08 (0.004-1.5) 0.0242

in different epilepsies such as Landau—Kleffner syndrome,
absence seizures, and epileptic encephalopathies) [5-7, 16].
However, whether the differences in pharmacodynamics,
pharmacokinetics or mechanism of action between methyl-
prednisolone and prednisolone can lead to differences in their
efficacy in various epileptic syndromes is not known.

In the present study, the [IVMP group received the 3-d [IVMP
pulse followed by short and rapidly tapering course of oral
prednisolone for a total duration of 2 wk. With this, the day
14 outcome in terms of clinical and electroclinical resolution
was similar to OP with added advantage of reduced time to
achieve remission. The short-term outcome findings are similar
those described in previous case series. Hassanzadeh et al. in
their study on efficacy of intravenous IVMP in a cohort of 20
children observed mean rapid remission of 4.41 +1.50 d with
clinical remission in 60% and resolution of hypsarrythmia on
follow-up EEG at 2 wk in 65% of patients [5]. Mytinger et al.
reported their experience with use of IVMP pulse followed by
8-wk course of oral steroids in 10 participants with IS.
Remission was achieved in 5/10 infants (50%) between 2 to 6
d after onset of treatment and resolution of hypsarrythmia

Table4  Adverse effects in the intravenous methylprednisolone (IVMP)
versus oral prednisolone (OP) group

IVMP group OP group p value

(n=31) (n=29)
Sleep disturbances 19 (61.3%) 6 (20.7%) 0.0014
Irritability 23 (74.2%) 9 (31%) 0.0008
GI complications 3(9.7%) 3 (10.3%) 0.93
Increased appetite 1 (3.2%) 19 (65.5%) <0.0001
Weight gain 5 (16.1%) 22 (75.9%) <0.0001
Hypertension 11 (35.5%) 3(10.3%) 0.032
Infections 2 (6.5%) 0 0.49
Glycosuria 3(9.7%) 5(17.2%) 0.47
Dyselectrolytemia 1 (3.2%) 0 048

GI Gastrointestinal

occurred in 50% of the patients [6]. Yeh et al. used IVMP
followed by short course of oral steroids and observed that in
nine of 14 patients (64.3%), rapid cessation of spasms occurred
with mean time to cessation of 3.0 d [7].

One of the main drawbacks with the use of IVMP was early
recurrence within 6 wk, seen in 6/17 responders.
Consequently, the proportion of children with electroclinical
remission at 6 wk was significantly lower in the IVMP as
compared to the OP group. This observation demonstrates
lack of prolonged action of IVMP on control of spasms.
These findings are consistent with the observations made by
Yeh et al. in their study, where 45% of the patients relapsed
electroclinically after discontinuation of treatment [7]. One of
the reasons for the worse 6 wk response in the IVMP group
may be that we used a short oral steroid taper in the [IVMP
group (total therapy duration of 2 wk versus total therapy
duration of 4 wk in the OP group). Despite this, similar out-
comes at two weeks and similar to other studies [6] does
support this short course steroid taper in the [IVMP arm in
the short-term.

Monitoring for adverse effects revealed presence of sig-
nificant number of patients developing sleep disturbances,
irritability and hypertension in the IVMP group, all of
which arose in the first 3—4 d of treatment, suggesting that
these were related to the IVMP regimen. These findings
contrast with previous studies where such side effects oc-
curred in only a small percentage of patients [5, 7].
Hypertension was transient and could be controlled with
amlodipine. The drug could be withdrawn after BP control
during the follow-up. There were two episodes of infection
in the IVMP group: one was a urinary tract infection and
the other was pneumonia. The most common adverse ef-
fects in the OP group were increased appetite and weight
gain, which are known reversible side effects of prolonged
steroid therapy [19-21]. A pragmatic advantage of oral
prednisolone in the present study’s setting is that it is con-
siderably less expensive and easily available compared to
IVMP, which is a costly proposition for out-of-pocket
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expenditure. The IVMP regimen would cost a patient 10
times the OP regimen on average in the authors’ setting.
However, in a government setting such as the authors,
IVMP is available free of cost to patients.

The present study had some limitations. It was unblinded
and parental reporting of spasms may not have been accurate.
Due to resource constraints, the authors could not perform
24-h EEG to substantiate parental reporting of complete
spasms cessation. The lack of objective EEG scoring was
another limitation. Additionally, the study did not address
risk for relapse of spasms in the longer term; with the
longer duration of treatment with OP, the relapse could
be only delayed. It is possible that 3—6 mo later, the re-
lapse rate could potentially be similar between the two
treatments. However, despite these limitations, the authors
observed that though administration of IVMP is associat-
ed with significantly more rapid electroclinical resolution
of spasms, they could not demonstrate any prolonged ef-
fect over control of spasms as observed by early recur-
rence of spasms within 6 wk. The authors also observed
significantly higher incidence of irritability, sleep distur-
bances and transient hypertension in the IVMP group.

Conclusions

The present study failed to demonstrate the superiority of
IVMP at 2 wk, considering the limitations of the study.
However, time to achieve cessation of spasms was significant-
ly shorter than that with oral steroids at 4 mg/kg/d. However,
long-term comparative profile in outcomes with IVMP com-
pared to conventional steroid therapy needs further
exploration.
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