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Abstract
Objective To compare the outcomes of adrenocorticotrophic hormone (ACTH) and Prednisolone therapy in children with West
syndrome.
Methods The study was done at a tertiary health centre for children. The pediatric neurologist at the centre enrolled children into
the study based on the inclusion and exclusion criteria. They were evaluated in detail, classified according to etiologic type and
then, randomly assigned into two treatment groups, either ACTH or Prednisolone. They were followed at regular intervals till 6
mo.
Results There was no difference between ACTH and Prednisolone groups with respect to all the outcomes measured. Cessation
of spasms was achieved in 6/15 (40%) in Prednisolone group and 9/18 (50%) in ACTH group (p = 0.3906). The average time for
achieving cessation was 6.9 and 8 d in ACTH and Prednisolone groups respectively (p = 0.7902). The relapse rates were 18.18
and 50% in ACTH and Prednisolone groups respectively (p = 0.28). The side-effects profile, subsequent epilepsy rates and
improvement in milestones were similar in both the treatment groups.
Conclusions There is no significant difference in children treated with ACTH and Prednisolone. Study results cannot be gener-
alized due to small sample size. However, Prednisolone can be a suitable alternative to ACTH in resource poor settings.
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Introduction

West syndrome is a rare epileptic syndrome characterized by
triad of infantile spasms, hypsarrhythmia interictal electroen-
cephalogram (EEG) and psychomotor retardation [1, 2]. The
incidence has been estimated to be 1.3 to 4.6 per 10,000 live
births [2]. The disorder was originally described by Dr.
Williams James West in his own son Edwin in 1841 in a letter
written to ‘Lancet’- BOn a peculiar form of convulsions^ [3–5].

The causes of West syndrome are multiple and diverse
ranging from genetic to structural, metabolic and unknown
causes [6–9]. The pathophysiology is still unclear. The best

accepted explanation is Baram’s theory of Corticotrophin
Releasing Hormone (CRH) [10]. According to this theory,
the multiple causes of West syndrome result in increased re-
lease of stress activated mediators in the brain, especially
CRH which is responsible for spasms. CRH receptors are
abundant in the early neonatal period [11]. CRH has excitant
property on many neurons [12] and is a potent convulsant as
observed in animal studies [13].

The adrenocorticotrophin (ACTH) and glucocorticoids act
by suppressing excessive synthesis and secretion of endoge-
nous convulsant CRH [14]. The efficacy of these drugs in
reducing spasms and normalizing EEG in West syndrome
has been reported by Sorel and Dusaucy-Bauloye way back
in 1958 [10]. ACTH and steroids are also known to have
intrinsic anticonvulsant properties [15]. Though newer anti-
convulsant drugs have been discovered, most studies advocate
hormonal therapy with ACTH and steroids for treatment of
infantile spasms.

Vaddi et al. in their KAP study of pediatricians on infantile
spasms in India shows that 67% of pediatricians were follow-
ing Nelson Textbook of Pediatrics for treatment of infantile
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spasms, which recommends ACTH as the first choice [16,
17]. However, it does not mention about therapeutic option
of oral corticosteroids, which also have high quality evidence-
base and ease of oral administration [18]. Treatment with
ACTH is costly and cumbersome, as it has to be given via
intramuscular or subcutaneous routes. On the other hand,
Prednisolone is cheaper and easy to administer as it is given
orally. If Prednisolone is proven to be equally effective or
better than ACTH, it will be very useful for treatment of in-
fantile spasms, especially, in developing countries like India.
Hence, the study was conducted with the objective to compare
the treatment outcomes in children treated with ACTH against
those treated with Prednisolone. The study was apt and perti-
nent from a developing country perspective.

Material and Methods

The study was done to test the null hypothesis that there is no
difference between ACTH and Prednisolone in the treatment
of infantile spasms. The study was a randomized intervention-
al study conducted at Indira Gandhi Institute of Child Health,
Bangalore, from October 2013 through October 2015. It was
approved by the Institutional Ethical Committee. The study
included all children with West syndrome aged 2 mo to 5 y.
West syndrome was defined as per consensus statement of the
West Delphi group [19]. Children who had already received
steroids and those in whom steroidswere contraindicated were

excluded. Cases of West syndrome secondary to Tuberous
sclerosis were also excluded.

Informed consent was taken from parents/guardian of chil-
dren. The details of history and physical examination were
recorded in a pre-designed proforma. Interictal EEGwas done
in all children. Neuroimaging and screening for inborn errors
of metabolism was done wherever required.

A random number sequence was generated by the comput-
er and numbers were allocated alternatively to the two inter-
ventional groups. The first group received Prednisolone while
the second group received ACTH. Blinding of participants
and care providers could not be done as the two drugs were
given through different routes.

Initial screening tests were done to rule out infections.
Treatment followed the guidelines of the United Kingdom
Infantile Spasms Study protocol except daily ACTH instead
of alternate days [3]. ACTH was given at a dose of 100 units
per body surface area through intramuscular route daily for 2
wk on outpatient basis. Prednisolone was given at a high dose
of 4 mg/kg/d (Max. dose of 60 mg/d) orally for 2 wk. The
response was assessed at the end of 2 wk. After 2 wk, the
drugs were tapered and stopped over a period of 3–4 wk.
Patients were followed at 2 wk, 3 mo and 6 mo from the day
of initiation of intervention. The primary outcomes measured
were cessation of spasms and time taken for cessation.
Cessation of spasms was defined as no reported spasms for
at least 48 h including days 13 and 14 after randomization.
Time taken for cessation of spasms was defined as number of

Assessed for Eligibility (n=58)

Randomized (n=34)

28 excluded 
6 Tuberous sclerosis 
6 Contraindication 
8 Previous treatment with steroids
8 Declined participation

Enrolment

Allocated for intervention A—
Treatment with Prednisolone (n=16)

Allocated for intervention B—
Treatment with ACTH (N=18)

Follow-up 1 (After 14 d)

Lost to follow-up (n=1)
Included in analysis (n=15)

Lost to follow-up (n=0)
Included in analysis (n=18)

Follow-up 2 (After 3 mo)

Lost to follow-up (n=1)
Death (n=1)
Included in analysis (n=14)

Lost to follow-up (n=0)
Death (n=2)
Included in analysis (n=16)

Follow-up 3 (After 6 mo)

Lost to follow-up (n=1)
Death (n=2)
Included in analysis (n=13)

Lost to follow-up (n=0)
Death (n=2)
Included in analysis (n=16)

Fig. 1 Flowchart showing study
methodology
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consecutive days free of spasms preceding and including day
14. The secondary outcomes measured were relapses, if any;
time taken for relapse; side-effects, if any; and subsequent

epilepsy rates. An adverse reaction was defined as any unto-
ward or unintended response thought to be related to trial
treatments [19]. An adverse reaction was judged serious if it

Table 1 Baseline characteristics
of children treated with ACTH
and Prednisolone

Baseline
characteristic

Prednisolone
(n = 16)

ACTH
(n = 18)

Level of significance*

Age (in months) 0.0852
Mean 13.9 9.4

Median 10 8

SD 9.2 5.32

IQR 10.75 5.25

Sex 0.7869
Male 9 (56.25%) 12 (66.66%)

Female 7 (43.75%) 6 (33.33%)

Age of onset of spasms (months) 0.1851
Mean 6 8.6

Median 6 4

SD 5.22 6.34

IQR 5 6.81

Lead time to treatment (months) 0.1908
Mean 5.23 3.35

Median 3 2.5

SD 5.20 2.81

IQR 9.5 4.25

Preceding / concurrent seizures 0.9509
Present 7 (43.75%) 7 (38.8%)

Absent 9 (56.25%) 11 (61.1%)

Etiology 1.0
Symptomatic 13 (81.25%) 14 (77.77%)

Idiopathic 0 (0%) 1 (5.55%)

Cryptogenic 3 (18.75%) 3 (16.66%)

Spasm load 0.7388
Mean 80.3 94.38

SD 104.4 134.3

Development prior to onset of spasms 1.0
Delayed 15 (93.75%) 17 (94.44%)

Normal 1 (6.25%) 1 (5.55%)

Best developmental age (months) 0.4034
Mean 3 2.5

Median 3 2

SD 2 1.38

IQR 1.75 2

CNS Examination 0.447
Normal 3 (18.75%) 6 (33.33%)

Abnormal 13 (81.25%) 12 (66.66%)

*p value obtained for assessing significant differences between two treatment groups (Chi square test used for
categorical data and independent t test for quantitative data)
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was life-threatening, caused death, resulted in persistent or
substantial disability, or required admission to hospital. The
treating clinician determined the causality.

The cessation of spasms, relapse of spasms, occurrence of
complications of the intervention, and subsequent epilepsy
rate were measured as dichotomous variable. The time taken
for cessation of spasms and the relapse of the spasms were
measured as continuous variable.

Sample size calculation based on a prospective randomized
single blinded study by Baram et al., estimated a minimum
sample size of 90 (45 in each group) to be required to detect a
difference in improvement rate (both clinical and EEG) of
61.6% between ACTH and Prednisolone groups (25% vs.
86.6%) with a power of 80% using a two-sided test (α =
0.05) with an estimated drop out of 30% and after adjusting
for regional differences [20].

All the data collected were tabulated and descriptive and in-
ferential statistics were carried out. For children whose outcome
datawasmissing, Blast observation carried forward^methodwas
used for outcome analysis. Chi square test and Fisher exact tests
were used for categorical data. Independent Student t-test was
used for quantitative data with continuous variables. To prevent
overestimation of statistical significance for small data, Yates
correction for continuity was applied for Chi square tests. A p
value <0.05 was considered statistically significant. All statistical
tests were done using Medical Statistical Software.

Results

A total of 34 children were included, 18 were randomized to
ACTH therapy and 16 to Prednisolone therapy. The
enrolments, treatment allocation, follow-up and analysis of
outcome have been outlined in the flowchart in Fig. 1. The
various baseline characteristics were equally distributed in the
two treatment arms (Table 1).

At the first follow-up on day 14, nine out of 18 children who
received ACTH achieved cessation of spasm (50%), while it
was 5 out of 15 in the Prednisolone group (33.33%). EEG
became normal in 4 and 7 of the Prednisolone andACTHgroup
respectively. At the second follow-up after 3 mo, 2 children
died in the ACTH group. One was a case of Aicardi syndrome
with severe neurological impairment and other child due to
aspiration pneumonia. Eleven of the remaining 16 children
responded (61.11%). In the Prednisolone group, 1 child died
of surgical and anesthetic complications following gastrostomy
for feeding difficulties. Six of the remaining 14 children showed
spasm cessation (40%). The time taken for cessation of spasm
was on average 6.9 d in ACTH group and 8 d in the
Prednisolone group (p > 0.1). Table 2 depicts the various out-
come measures of the study and their level of significance.

Two out of 11 children in the ACTH group (18.18%) and 3
out of 6 in the Prednisolone group (50%) had relapses of spasms

Table 2 Primary and secondary
outcome measures in the two
treatment groups

Outcome measures Prednisolone
(n = 15)

ACTH
(n = 18)

Level of
significance*

Cessation of spasms on day 14 0.54
Present 5/15 (33.33%) 9/18 (50%)

Absent 10/15 (66.66%) 9/18 (50%)

Cessation of spasms on day 28 0.3906
Present 6/15 (40%) 11/18 (61.11%)

Absent 9/15 (60%) 7/18 (38.88%)

Time taken for cessation of spasms (days) 0.7902
Mean 8 6.9

Median 7 4

SD 9.9 6.7

IQR 128 13

Relapse rate 3/6 (50%) 2/11 (18.18%) 0.28

Time taken for relapse 0.1784
Mean 127.6 166.18

Median 75 14

Subsequent other epilepsy 0.7698
Present 5 (33.33%) 8 (44.44%)

Absent 10 (66.66%) 10 (55.55%)

*p value obtained by chi square test for categorical data and independent t test for continuous data
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(p > 0.1). Time taken for relapse was on average 166.18 d in the
ACTH group and 127.6 d in the Prednisolone group.

There was no significant difference between the two
groups with respect to side-effects profile and development
of subsequent epilepsy. Side-effects noted in Prednisolone
group was 20% (3) compared to 16.6% in ACTH group.
None of the side-effects observed were serious enough requir-
ing discontinuation of therapy.

Discussion

Ever since the description of infantile spasms, various drugs
have been investigated for its treatment. But, till date, no op-
timal or standard treatment has been established. The present
study provides insight into a developing country perspective
in treating infantile spasms with particular reference to ACTH
and Prednisolone as first line therapy.

The forms, doses and duration of ACTH varied in different
studies. In a randomized trial by Baram et al., the efficacy of
prednisone (2 mg/kg/d) was inferior to that of high dose ACTH
(150 U/d) [20]. However, similar efficacy was seen when
Hrachovy et al. [21] administeredACTHat lower doses in study.
UKISS, a large Class III randomized controlled study (n = 55),
compared a high dose oral prednisolone protocol (40–60 mg/d)
with syntheticACTH therapy. The short-term resultswere nearly
similar efficacy for both interventions (ACTH76% vs. predniso-
lone 70%). AAN concluded that currently the evidence is insuf-
ficient to recommend the use of oral steroids as being as effective
as ACTH for short-term treatment of infantile spasms. There is
limited evidence in literature on optimum dose and duration of
ACTH therapy. The minimum effective dose of ACTH remains
unclear. A Class I study by Hrachovy et al. revealed similar effi-
cacybetween low-dose (20–30IU), short-durationandhigh-dose
natural ACTH (150 IU/m2), long duration [22]. However, this
studyhadsmallsamplesize(n= 50)andlackedequivalencestudy
design. Similarly, few other small sample sized-inadequate
powered studies had shown near similar efficacy. However, the
efficacyof low-doseACTH in termsof response rate varied from
42 to 75% in RCTs. In a small sample sized (n = 15) study by
Baram et al., high efficacy of high-dose ACTH up to 86.6%was
observed [20].

This study finds no difference between two drugs with
respect to cessation of spasms. The result is comparable to
studies done by Hrachovy et al. [21], Azam et al. [23],
Kossoff et al. [24] and Kalra et al. [25]. However, two other
studies (Baram et al. [20], Snead et al. [26]) have shown
ACTH to be superior to Prednisolone. Another recent study
by Wanigasinghe et al. [27] has found Prednisolone to be
superior to ACTH.

Thetimetakenforcessationofspasmsissimilar inbothgroups
in the present study. However, the study by Wanigasinghe et al.
[27] has shown that time taken is less in Prednisolone therapy

against ACTH therapy. This has not been statistically analyzed
in most other studies. The common finding in all studies is that
most children,who responded, did sowithin4–8dof initiationof
therapy.

The improvement in milestones following therapy is similar
in both groups in the present study. In all other studies compar-
ing the two treatments, length of follow-up period is insufficient
for analyzing cognitive and developmental outcome of therapy,
unlike, the present study, where children have been followed up
to 6 mo. In the present study, a total of 12 children definitely
showed improvement by gaining new milestones, stressing the
importance of treatment in infantile spasms.

The major limitation of the study is small sample size. The
other limitation is absence of blinding, owing to which, ob-
server and analyzer bias could not be eliminated. Children had
been followed up to 6 mo only and hence; the study fails to
determine the final developmental outcome in long term fol-
low-up.

In conclusion, the present study did not find any difference
in the outcome of children with West syndrome treated with
ACTH or Prednisolone in terms of cessation of spasms, time
taken for cessation of spasms, relapse rates, developmental
outcome, side-effects and subsequent epilepsy rates.
However, due to small sample size, results cannot be general-
ized. Prednisolone can be suitable alternative, particularly in
resource poor settings. Further, more studies are needed to
prove efficacy of either drug and also to know the best dose
and duration of treatment to maximize the response and to
decrease the side-effects. As idiopathic cases are few in the
present study as well as most other studies, a prospective
multicentre collaborative effort is needed to study the effect
of these drugs particularly in idiopathic variety of West
syndrome.
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