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Abstract

Objective To assess the feasibility, effectiveness, and safety of pulse methylprednisolone in comparison with intramuscular
adrenocorticotropic hormone (ACTH) therapy in children with West syndrome (WS).

Methods This open-label, pilot study with a parallel-group assignment included 44 recently diagnosed children with WS.
Methylprednisolone therapy was given as intravenous infusion at a dose of 30 mg/kg/d for five days followed by oral steroids
1 mg/kg gradually tapered over 5—6 wk. The efficacy outcomes included a cessation of epileptic spasms (as per caregiver reporting)
and resolution of hypsarrhythmia on electroencephalogram; safety outcome was the frequency of various adverse effects.

Results By day 14 of therapy, 6/18 (33.3%) children in the methylprednisolone group and 10/26 (38.5%) children in the ACTH
group achieved cessation of epileptic spasms [group difference —5.2%; confidence interval (CI) -30.7 to 22.8; p=0.73].
However, by six weeks of therapy, 4/18 (22.2%) children in the methylprednisolone group and 11/26 (42.3%) children in the
ACTH group had cessation of epileptic spasms (group difference —20.1%; CI -43.0 to 8.4; p=0.17). Hypertension was more
commonly observed in the ACTH group (10 children) than in the methylprednisolone group (2 children; p =0.046). Pulse
methylprednisolone therapy was relatively safe.

Conclusions The study observed limited effectiveness of both ACTH and pulse methylprednisolone therapy, which may partially
be due to preponderance of structural etiology and a long treatment lag. However, pulse methylprednisolone therapy appeared to
be safe, tolerable, and feasible for management of WS.
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Introduction etc. Stress-related excessive production of corticotrophin-

releasing hormone (CRH) during early life has been proposed

West syndrome (WS) is an age-dependant epileptic encepha-
lopathy characterized by epileptic spasms in clusters and pres-
ence of hypsarrhythmia on electroencephalogram (EEG) [1].
It is the commonest epileptic encephalopathy in infancy [2].
The underlying etiology may be structural, genetic, metabolic,
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to underlie the pathogenesis of WS [3]. The presence of ele-
vated CRH levels at a time of CRH-receptor abundance has
been thought to result in epileptogenesis, thereby giving rise
to epileptic spasms.

The main treatment strategy for WS consists of hormonal
therapy [adrenocorticotropin hormone (ACTH) and oral pred-
nisolone] and vigabatrin. The treatment goal is to achieve free-
dom from epileptic spasms and resolution of hypsarrhythmia in
order to achieve better neurodevelopmental outcomes. Steroids,
serendipitously discovered as efficacious, have been used for
nearly six decades in WS [4]. They have been proposed to act
via varied mechanisms such as anti-inflammatory action, cor-
rection of dysfunctional enzymes and intracellular hypoglyce-
mia, maintenance of intracellular water and electrolyte balance,
etc. [5]. Besides, ACTH has also been hypothesized to act
through suppression of CRH, modulation of an intracellular
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neurosteroid and adenosine production, modulation of GABA 5
receptor due to second messenger effect, etc. [S]. Also, the role
of steroids in other refractory epilepsies is affirmative [6].

ACTH has been recommended as first-line therapy option
for WS [7]. Even long-term ACTH therapy (for months) has
been tried in reports with positive results [8]. However, con-
sidering the huge expense involved in ACTH therapy, the
search for relatively cheaper alternatives with a similar effica-
cy continues. Oral prednisolone, pulse methylprednisolone,
and pulse dexamethasone are the options being used and eval-
uated, especially for low middle-income countries [9-15].
Although pulse methylprednisolone and dexamethasone have
been found beneficial and of comparable efficacy, they lack
sufficient evidence as a first-line therapy [11-14]. Further re-
search is needed to document the efficacy, adverse effect pro-
file, ease of administration, and cost of methylprednisolone as
compared with ACTH therapy in WS. Hence, the current
comparative study was done to assess the effectiveness and
safety of pulse methylprednisolone in WS in comparison with
the standard ACTH therapy.

Material and Methods

This open-label control trial was conducted at a tertiary-care
referral hospital in Northern India over one year (July 2010—
June 2011) after approval from the Institutional Ethics
Committee.

All recently diagnosed children with WS were assessed for
eligibility. Children (aged 3 mo-3 y) with a diagnosis of WS
based on clinical assessment and signature EEG (based on
Delphi consensus definition) were included [1]. Children with
tuberous sclerosis (TSC) or where parents refused consent,
were excluded from the study.

All children recently diagnosed with WS were screened for
eligibility. Their parents or guardians were explained in detail
about the study and about ACTH and pulse methylpredniso-
lone therapy for WS, including the total cost for both treat-
ments, in their own language and informed written consent
was obtained. They were asked to make an informed choice
based on the feasibility and expense of both the treatments.
Those who consented for either ACTH or pulse methylpred-
nisolone therapy were enrolled in the respective arms of the
study. All the enrolled children were hospitalized for 5-7 d. A
thorough clinical assessment was done for the enrolled chil-
dren and recorded on a predesigned proforma. Pre-treatment
weight, random blood sugar, and EEG were recorded. Sedated
30 min sleep with a brief period of wakefulness was recorded
during the EEG recording. EEG recordings were analysed and
scored using Jeavon’s scoring by a pediatric neurologist, who
was unaware of the group allocation [16]. All scores between
13 to 30 were labelled as hypsarrhythmia and scores between
9 to 12 were taken as modified hypsarrhythmia.

The ACTH arm received synthetic corticotropin carboxy-
methylcellulose (Acton Prolongatum, Ferring Pharmaceuticals)
intramuscularly once daily for six weeks. The regime followed
was maximum-dose-at-initiation followed by a tapering regime.
Therapy was initiated at a dose of 40 international unit (IU) per
day for three weeks followed by tapering (30 IU/d, 20 IU/d and
subsequently 10 IU/d, each given for a week with a total of six
weeks therapy). The pulse methylprednisolone arm received an
intravenous infusion of methylprednisolone at a dose of
30 mg/kg/d (in 200 ml saline) over 3 h for five days. This was
followed by oral prednisolone at a dose of 1 mg/kg/d for three
weeks followed by tapering (0.5 mg/kg/d for a week and
0.5 mg/kg every other day for a week). After six weeks of
therapy, a repeat EEG was done and analysed. Failure of re-
sponse was defined as no reduction or increase in the frequency
of spasms after two weeks of starting intervention. After failure,
these children were offered other antiepileptics drugs.

All the recruited children were monitored for blood pressure
(BP) twice a day and for blood sugar, every alternate day during
the hospital stay or at the nearest local health-care facility after
discharge. Presence of at least two BP records above 95th centile
on two successive occasions was considered as significant, and
the child was initiated on oral propranolol at 1 mg/kg/d in 3
divided doses. Based on further recordings, the dose was titrated
up to a ceiling of 2 mg/kg/d. Presence of random blood sugar
record >180 mg/dl was taken as significant. Weight was record-
ed after six weeks to look for weight gain. Any infections oc-
curring during this period were recorded.

During the hospital admission, parents were trained to rec-
ognize and count epileptic spasms. After discharge from the
hospital, the parents of all children were followed-up via tele-
phone to document the number of epileptic spasms, adminis-
tration of intervention, and any adverse effects. A record of the
daily frequency of epileptic spasms was maintained by par-
ents. The primary outcome was a complete and persistent
cessation of epileptic spasms at 6 wks after starting therapy.
The secondary outcomes included a reduction in a number of
epileptic spasms at two and six weeks of treatment initiation
and improvement in EEG score by six weeks of therapy.

The measurable data were analyzed for its normality using
Kolmogorov-Smirnov test. Student’s t test or Mann-Whitney
U test were used for comparing continuous outcome variables
wherever appropriate. The classified data were analyzed for
two treatments using Chi-square test or Fisher’s exact test. A
two-sided P value <0.05 was taken as statistically significant.

Results

Forty-four children were included in the study to receive either
ACTH (n=26) or pulse methylprednisolone (n=18). The
mean age, gender, age at onset of spasms, and other baseline
parameters were comparable among the two groups (Table 1).
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All patients were treated as per protocol. Two patients could
not be followed up till the end of study (1 death in ACTH arm,
1 lost to follow-up in methylprednisolone arm). Three patients
in the ACTH group did not get a repeat EEG done despite
repeated requests but continued to come for follow-up (Fig.
1).

The two treatment arms did not differ significantly in terms of
the cessation of epileptic spasms at two and six weeks respec-
tively (Table 2). By day 14 of therapy, 6/18 (33.3%) children
were spasms-free in the methylprednisolone group, whereas 10/
26 (38.5%) children were spasms-free in the ACTH group (p =
0.73). However, by six weeks of therapy, 4/18 (22.2%) children
in the methylprednisolone group and 11/26 (42.3%) children in
the ACTH group had cessation of epileptic spasms (p =0.17).
Repeat EEG could be done for 39 children. There were no
significant group differences on EEG scores (p =0.57).

The most common adverse event observed during therapy
was weight gain, (27 patients; 64.3%) without any significant
difference between the two groups (Table 3). Infections were
seen in 13 patients and included diarrhea (8), pneumonia (1),
paronychia (2), impetigo (1), and scalp abscess (1).
Hypertension was more commonly observed in the ACTH
group (10 children) than in the methylprednisolone group (2
children; p =0.046). Other than hypertension, the adverse
event profile, and the frequency of adverse events was not
significantly different between the two groups (Table 3).

Discussion

This was an open-label parallel trial that compared ACTH and
pulse methylprednisolone therapy for WS. Children with TSC

were excluded, as vigabatrin is recommended as the first-line
therapy for WS in TSC. The demographic and baseline char-
acteristics (age at onset of spasms and presentation, gender)
were comparable to the published literature from India and
other developing countries [17-21]. However, these charac-
teristics differed from the western literature, as children in this
study had a higher age at presentation, and there was a male
preponderance [8]. This could be probably due to relatively
longer time to diagnosis and treatment, and lack of awareness
which is not uncommon in developing countries [17, 18, 22,
23]. In the study population, the majority had a remote symp-
tomatic cause of WS. This higher preponderance of structural
etiology is similar to that reported in previous literature
[17-19].

In this study, ACTH and pulse methylprednisolone therapy
followed by oral prednisolone were comparable in terms of
adverse events and clinical efficacy at two and six weeks,
respectively. In the methylprednisolone group, cessation of
epileptic spasms by two weeks was observed in one-third of
patients while persistent cessation for six weeks was seen in
around 22.2% of children. This is much lower than the re-
sponse rates noted in the study by Mytinger et al. where 5/
10 children were free of spasms by two weeks of methylpred-
nisolone therapy and sustained remission and/ or brief, re-
sponsive relapse was seen in 3/10 children [11]. In the study
by Mytinger et al., 7/10 children had resolution of spasms
(after trying other drugs) at last follow-up [11].

In a similar study by Yeh et al., 9/14 children had
electroclinical remission at three weeks of methylprednisolone
therapy while sustained remission was observed in 5/14 of
patients [12]. Similarly, the response rate for ACTH was much
lower as compared with western literature [24]. However, this

Table 1 Baseline characteristics
of the study population

Characteristics Pulse methylprednisolone ACTH
(n=18) (n=26)
Age at presentation, in months, Mean + SD 11.9+5.2 10.9+4.9
Sex, males (%) 13 (72.2%) 18 (69.2%)
Number of epileptic spasms per day, Mean + SD 53.5+37.6 47+50.3
Age at onset of epileptic spasms, in months, 4.1+3.1 5.7+3.8
Mean + SD

History of other seizure type/ semiology, n (%) 1 (5.6%) 2 (7.7%)
History of receiving other antiepileptic drugs,n (%) 10 (55.6%) 20 (76.9%)
Etiology, n (%)

Structural 16 24
Acquired structural insult 15 21
Malformations 1 3
Unknown/ genetic 2 2
Pre-existing developmental delay 16 (88.9%) 19 (73.1%)

Baseline EEG score
Mean + SD (95% CI)

15.1+42 (13.4-16.9) 14.6+2.9 (13.1-16.2)

ACTH Adrenocorticotropic hormone; C/ Confidence intervals; SD Standard deviation
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Table 2 Comparison of control

of epileptic spasms and Outcome variable Pulse ACTH Group difference P value

improvement in EEG scores in methylprednisolone  (, = 6) 5% €D

pulse methylprednisolone and (n=18)

ACTH group
Cessation of epileptic spasms at
* 2wk 6 (33.3%) 10 (38.5%) —5.2% (-30.7 t0 22.8)  0.73
* 6wk 4 (22.2%) 11 (42.3%) —20.1% (—43.0t0 8.4)  0.17
Persistent spasms but a reduction in number by at least 50% at
* 2wk 4 (22.2%) 5 (19.2%) 3% (—19.8 to 28.4) 0.81
* 6 wk 9 (50%) 4 (15.4%) 34.6% (6.9 to 57.5) 0.01
Post-treatment EEG n=17 n=22

score, Mean £+ SD
(95% CI)

11.0+5.0 (8.6-13.4)

10.1+4.7 (8.0-12.2) 09 (-23t04.1) 0.57

ACTH Adrenocorticotropic hormone; EEG Electroencephalogram; SD Standard deviation

was comparable to the response rates in India [20, 21]. The
relatively lower response rates for ACTH and methylprednis-
olone in Indian cohort may be due to longer treatment lag and
predominance of structural etiology, which are known to be
associated with poor outcomes [25]. Similar to previous stud-
ies, the tolerability of methylprednisolone therapy was good
and comparable to ACTH therapy [11, 12].

Despite the recent advances in the understanding of WS,
it continues to be a difficult-to-treat epilepsy with a dismal
prognosis. The need of the hour is a treatment approach
which should not only be effective in cessation of epileptic
spasms with minimal adverse event, but also improve long-
term outcome and should be cost-effective. ACTH therapy
is a standard of care therapeutic option in many settings;
however, it is quite expensive. The easy availability, ease
of administration, better cost-benefit ratio, tolerability, and
comparable effectiveness of pulse methylprednisolone
therapy warrants its consideration for WS, especially in
low middle-income countries [11, 12].

While this study does support the effectiveness of intrave-
nous pulse methylprednisolone with prednisolone taper for
treatment of WS, but it has some limitations. This was a small
feasibility study with non-randomized study design. Another
major limitation was a short follow-up period. Hence, a larger,
randomized prospective study with long term follow-up is
needed to make a strong case for this therapy. A longer
follow-up period would help in better assessment of long-
term neurodevelopmental outcome and remission of WS. The
authors performed Jeavon’s EEG scoring for outcome assess-
ment. The Burden of Amplitudes and Epileptiform Discharges
(BASED) score is a recently developed simple and reliable tool
with a good inter-rater agreement for EEG scoring in WS [26].
However, the authors could not apply BASED score as it was
published after the completion of their study.

In conclusion, the current study shows that both ACTH and
pulse methylprednisolone therapies had limited effectiveness in
terms of a persistent cessation of epileptic spasms at six weeks in
children with WS. This may partially be explained by a

Fig. 1 Study Flow.
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Table 3 Summary of adverse event profile for pulse
methylprednisolone group and ACTH group

Adverse event Pulse methylprednisolone ~ ACTH P value
n (%) (n=18) (n=26)

Hypertension 2 (11.1%) 10 (38.5%)  0.046
Infection 3 (16.7%) 10 (38.5%)  0.12
Weight gain 14 (77.8%) 13 (542%) 0.11
Hyperglycemia 0 (0%) 4 (15.4%) 0.11
Irritability 1 (5.6%) 3 (11.5%) 0.46
Death 0 (0%) 1 (3.8%) 0.59

ACTH Adrenocorticotropic hormone

preponderance of structural etiology and a long treatment lag of
the study participants. Overall, pulse methylprednisolone thera-
py appeared to be safe, tolerable, and feasible for management
of WS. However, further evidence from a large multicentric trial
looking at this aspect is the need of the hour. Future studies
should also explore the effectiveness of intravenous pulse meth-
ylprednisolone with oral high-dose, steroid therapy, which is
increasingly considered as a feasible, initial therapeutic option.
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