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Abstract

both groups.

Background: Infantile spasm (IS) is an age-specific epileptic disorder of early infancy that typically presents with
epileptic spasms occurring in clusters. International League Against Epilepsy (ILAE) also recommends the term “IS
syndrome”for clustered spasms occurring during infancy (~ 1 year, rarely after 2 years of age) accompanied by electro-
encephalography (EEG) hypsarrhythmia. Older clinical studies comparing efficacy of adrenocorticotrophic hormone
(ACTH) and corticosteroids preferred ACTH, but recent studies did not observe a significant difference between

both nor showed better efficacy of oral prednisolone compared to intramuscular synthetic one. Participants were

53 patients with epileptic spasms divided into two groups: 26 patients treated by intravenous methylprednisolone
(group A) and 27 treated by oral prednisolone (group B). Both groups were matched in age, sex, and age of spasm
onset. The outcome measures were spasms cessation at 7 and 14 days and recurrence at 6 weeks after tapering, EEG
improvement at 2 and 6 weeks, and frequency of side effects.

Results: We found that both groups had similar results regarding frequency of children achieving spasms cessation
atday 7 and day 14 (53.8% vs 51.9% and 38.5% vs 40.7%, p = 1.000 each), respectively. After drug tapering, there was
insignificant difference between both groups regarding recurrence of spasm at 6 weeks (14.8% vs 11.5%, p=1.000)
and EEG improvement at 2 weeks (42.3% vs 33.3%, p=0.577) with nearly similar improvement in both groups at

6 weeks (46.2% vs 48.1%, p = 1.000). With regard to adverse effects of both therapies, no difference observed between

Conclusions: No significant difference was found between oral prednisolone and intravenous methylpredniso-
lone in treatment of epileptic spasm regarding short-term outcomes. The only advantage of intravenous therapy is
decreased time to get response and the only advantage of oral therapy is its applicability at home without hospitali-
zation. Further studies are warranted to explore the long-term outcomes.
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Background

An infantile spasm (IS) is an age-specific epileptic disor-
der of early infancy that typically presents with epileptic
spasms occurring in clusters. The International League
Against Epilepsy (ILAE) also recommends the term “IS
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syndrome” for clustered spasms occurring during infancy
(~ 1 year, rarely after 2 years of age) accompanied by elec-
troencephalogram (EEG) hypsarrhythmia [1]. A few rare
forms of IS have been identified: IS without hypsarrhyth-
mia; hypsarrhythmia without IS, and single spasms vari-
ant of IS, which lacks the clustering nature of the spasms
[2].

West syndrome is characterized by the triad of IS,
hypsarrhythmia, which is considered the most fre-
quent interictal EEG pattern associated with IS, and
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psychomotor regression. It is a rare syndrome, occurring
in about 1 of 3200—3400 live births. There is a small male
preponderance over females; about 1.6—1.4 to 1. The peak
age of onset is about 6 months, with a range of 3 months
to 2 years. [1].

The spasm-type seizures in order of frequency include
flexion, extension or a combination of proximal and
truncal muscles lasting 1-2 s and occurring in clusters
ranging from a few to hundreds of spasms each day, fre-
quently occurring during waking or feeding [3]. Hyp-
sarrhythmia is a typical EEG pattern for IS consisting of
irregular, asynchronized, large-amplitude wave forms in
all EEG channels observed in between the spasms (inter-
ictally). The EEG is attenuated during the ictal phase
(when spasms occur) and is referred to as “electrodecre-
ment” [4].

The latest classification divides IS into several eti-
opathogenic groups: (a) structural-metabolic which
includes tuberous sclerosis and many inborn errors of
metabolism; (b) infectious—immune; (c) genetic and (d)
unknown causes [5].

According to the United Kingdom Infantile Spasms
Study (UKISS), both early spasm cessation and a short
lead time to therapy minimize the overall length of the
epileptic encephalopathy and improve developmental
outcome [6].

The idea of direct use of corticosteroids was developed
based on the fact that the action of adrenocorticotropic
hormone (ACTH) is mostly enhancement of adrenal cor-
ticosteroid release and production. Usually, prednisone
or prednisolone is given orally though intravenous pulse
treatment is also an option [7].

Older clinical trials comparing the effectiveness of
ACTH and corticosteroids favored ACTH, while subse-
quent research found no significant difference between
the two hormones [8—10] or shown that oral predniso-
lone (OP) was more effective than intramuscular syn-
thetic corticosteroids [11].

The aim of this study was to assess the use of intrave-
nous methylprednisolone pulse (IVMP) therapy in the
management of IS aiming at achieving the advantages
of availability, shorter duration, less side effects and
improved efficacy.

Methods

Study design

This interventional comparative study was conducted in
neurology and pediatric departments during the period
from December 2019 to November 2020. The study was
approved by the Local Ethics Committee (Registration
Number: Ped._185Med.Research_Epileptic spasm; ster-
oid; methylprednisolone; West syndrome; hypsarrhyth-
mia._0000185). Informed written parental consent was
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obtained prior to enrollment in the study. Confidentiality
was maintained throughout the study process.

Study population

Fifty-three patients with epileptic spasm and hypsar-
rhythmia on EEG were included consecutively. They
were divided into two groups: Group A, 26 patients
(intravenous methylprednisolone group) and group B, 27
patients (oral prednisolone group). All patients were aged
from 2 months up to 2 years and of both genders. Both
idiopathic and secondary spasms were included.

Methods

History-taking, complete clinical examination and labo-
ratory investigations were registered. Laboratory inves-
tigations included sepsis work-up (CSF analysis not
included), metabolic work-up (serum electrolytes, blood
glucose, serum ammonia and lactate and blood gases)
and brain MRI. We did not perform extensive investiga-
tions to find the etiology as genetic testing or extended
metabolic screen. Electroencephalography was per-
formed (using E-Series-EEG 64 Control module, S/N
5840, Compu medics, Australia) at the time of admission,
2 weeks later, and 6 weeks after treatment.

For group A, intravenous methylprednisolone was
given at 30 mg/kg once daily, for 3 consecutive days, fol-
lowed by oral prednisolone 2 mg/kg/day, in three divided
doses, for 2 weeks then gradually tapered over 4 weeks.
For group B, oral prednisolone was given at 4 mg/kg/day,
in three divided doses, for 2 weeks then gradually tapered
over 4 weeks.

The outcome measures were spasms cessation at 7 and
14 days and recurrence at 6 weeks after tapering, time
to response, EEG improvement (EEG improvement in
follow-up means sustained resolution of hypsarrhythmia
with no epileptic activity was assessed by same physi-
cians) at 2 and 6 weeks, time to response and frequency
of side effects.

Statistical analysis

It was carried out using the SPSS computer package ver-
sion 25.0 (IBM SPSS Statistics for Windows, Armonk,
NY: IBM Corp., USA). The mean=+ SD or median (mini-
mum, maximum) were used for quantitative variables
as appropriate while number and percent were used for
qualitative variables. In order to assess the differences in
frequency of qualitative variables (for example; gender,
etiology, type of cases, comorbidities, spasm cessation,
spasm recurrence, EEG improvement, and adverse effects
of steroid), Chi-square or Fisher’s exact tests were applied
when appropriate. In order to assess the differences in
means of quantitative variables (for example; age, age
of onset, spasm frequency before treatment, and time
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to respond to medications), Mann—Whitney U-test was
used for non-parametric statistics. The statistical meth-
ods were verified, assuming a significant level of p <0.05.

Results

The study included 53 patients with epileptic spasms
divided into two groups: 26 patients treated by intrave-
nous methylprednisolone (Group A) and 27 treated by
oral prednisolone (Group B). Both groups were matched
in terms of age, gender, and age of onset of spasm (p value
0.646, 1.000 and 0.971, respectively). In more than two-
thirds, the etiology of epileptic spasms was unknown and
other possible causes did not differ significantly between
both groups. The condition was new in about 80.8% and
74.1% of both groups, respectively. Nearly half of them
had associated comorbidities where developmental delay
was the most frequent (28.3%) with no significant differ-
ence in both groups (Table 1).

Before treatment, the frequency of spasm was relatively
similar between both groups with mean 20.55+4.37
times. After treatment, the frequency of children achiev-
ing spasms cessation at day 7 and day 14 were similar in

Table 1 General characteristics of the studied groups
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both groups (53.8% vs 51.9% and 38.5% vs 40.7%), respec-
tively. After drug tapering, the recurrence of spasm at
6 weeks was insignificantly higher in group B (14.8%
vs 11.5%). EEG showed insignificant improvement at
2 weeks in group A (42.3% vs 33.3%), with nearly similar
improvement in both groups at 6 weeks (46.2% vs 48.1%)
(Table 2).

The most frequent adverse effects of steroid treat-
ment were increased appetite and weight gain (75.5% and
58.5%, respectively), less frequently GIT upsets and sleep
disturbances (26.4% and 20.8%, respectively), and the
least was hypertension (5.7%).

In all adverse effects, no difference observed between
both groups (Table 3). Time to respond to medication in
group A (median; min—max): (5; 4—8) was significantly
lower than group B (median/min—max): (6/5-9) (Fig. 1).

Discussion

The current study compared the effectiveness, speed of
action, and safety profile characteristics of intravenous
methylprednisolone pulse therapy versus oral predniso-
lone in infants with epileptic spasms.

Variables

Total (n=53) Group A (n=26) Group B (n=27) p value
Age (months) 0.646
Mean £ SD 6.37+201 6.23+192 6494213
Min—-max 3-12 3-1 3-12
Age of onset (months) 0.971
Mean £+ SD 420+£1.09 4.204£0.96 4214123
Min-max 3-7 3-6 3-7
Gender 1.000
Male 29 (54.7) 14 (53.8) 15 (55.6)
Female 24 (45.3) 12 (46.2) 12 (44.4)
Etiology
Unknown 37 (69.8) 19 (73.1) 18 (66.7) 0.982
HIE* 5(94) 2(7.7) 3(11.1)
Metabolic 2(3.8) 1(3.8) 13.7)
Cerebral malformation 4(7.5) 2(7.7) 2(74)
Post-encephalitic 5(9.4) 2(7.7) 3(11.1)
New cases 41 (774) 21(80.8) 20 (74.1) 0.745
Old cases 12 (22.6) 5(19.2) 7(25.9)
Comorbidities
Microcephaly 7(13.2) 3(11.5) 4(14.8) 0.901
Developmental delay 15(28.3) 6(23.1) 9(333)
Vision abnormality 2(3.8) 1(3.8) 13.7)
Hearing deficit 2(3.8) 1(3.8) 1(3.7)
No comorbidities 27 (50.9) 15 (57.7) 12 (44.4)

Values present as mean = SD were analyzed by Mann-Whitney U-test

Values present as number and percent were analyzed by Chi-square or Fisher’s exact tests

*Hypoxic ischemic encephalopathy
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Table 2 Efficacy of treatment between the studied groups

Variables Total (n=53) Group A (n=26) Group B (n=27) p value
Spasm frequency before treatment/day 0.842
Mean £ SD 20.55+4.37 2042+£392 20.67 £4.84
Min—-max 13-27 14-27 13-27
Spasms cessation at 7 days 28 (52.8) 14 (53.8) 14 (51.9) 1.000
Spasms cessation at 14 days 21(39.6) 10 (38.5) 11(40.7) 1.000
Recurrence at 6 weeks 7(13.2) 3(11.5) 4(14.8) 1.000
EEG* improvement at 2 weeks 20 (37.7) 11 (42.3) 9(33.3) 0.577
EEG* improvement at 6 weeks 25(47.2) 12 (46.2) 13 (48.1) 1.000

Values present as mean = SD were analyzed by Mann-Whitney U-test
Values present as number and percent were analyzed by Fisher’s exact test
*Electroencephalogram

Table 3 Adverse effects of steroids among the studied groups

Adverse effects of steroid Total (n=53) Group A (n=26) Group B (n=27) p value
Weight gain 31(585) 15(57.7) 16 (59.3) 1.000
GIT* upset 14 (26.4) 6(23.1) 8(29.6) 0.757
Irritability 9(17.0) 5(19.2) 4(14.8) 0.728
Hyperglycemia 7(13.2) 4(154) 3(11.1) 0.704
Sleep disturbances 11 (20.8) 5(19.2) 6(22.2) 1.000
Increased appetite 40 (75.5) 19 (73.1) 21(77.8) 0.757
Hypertension 3(5.7) 2(7.7) 1(3.7) 0.61

Values present as number and percent were analyzed by Fisher’s exact test
*Gastrointestinal tract
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Fig. 1 Box plot demonstrating the statistically significant difference between both groups in terms of time to respond to medications
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There was a minor male prevalence of IS in our study,
which was previously reported by Velek and Velkova
in their review [1], but was more prominent in Kapoor
et al. [12] and Rajpurohit et al. [13] studies. Importantly,
both groups were age-matched during the 1st year of life
(infancy), which corresponds to the ILAE criteria of IS.

The age of onset of spasms was between 3 and
7 months as in previous reports [1, 6]. The etiology of IS
was unknown in about two-thirds of cases in our study,
while it is usually unknown in only one-third of cases
as stated in the review of Velisek and Veliskova [1]. The
majority of the cases in Kapoor et al. [12] and Rajpurohit
et al. [13] studies were related to neonatal hypoglycemia
and perinatal asphyxia. These discrepancies may be due
to variable randomization and changes in diagnostic tool
availability, particularly advancements in genetic testing
(which is not done in our study), as numerous genes may
contribute to the bulk of unknown etiologies, as noted by
Velek and Velkova [1].

About half of the patients have comorbidities, with
developmental delay being the more prevalent which
when combined with hypsarrhythmia completed the
triad of West syndrome [1]. Microcephaly was in a
minority of cases (13.2%) while vision and hearing defi-
cits were the least (3.8% for each). These findings dif-
fer with findings of Kapoor et al. as in their study each
of microcephaly and developmental delay was present
in about two-thirds of cases, while each of hearing and
vision deficit was present in about one-third of cases [12].
In Rajpurohit et al. study, developmental delay was pre-
sent in more than three-fourths of cases [13]. This dis-
parity may be explained by the fact that the etiologies in
cohorts are different.

For many years, IVMP and OP were used inter-
changeably to treat a variety of drug-resistant epilepsies,
including West syndrome, Landau—Kleffner syndrome,
epileptic encephalopathies, and absence epilepsy, with
varying regimens [6, 7, 14].

In our study, both groups received regimens for
approximately 6 weeks, and the various clinical charac-
teristics and etiologies were distributed nearly evenly
between them.

Prior to treatment, the frequency of spasms was nearly
identical in both groups.

The prevalence of spasm cessation after treatment
initiation was similar in both groups at 7 and 14 days.
It was 53.8% in group A and 51.9% in group B at 7 days
which agrees with other studies [6, 7, 12, 14]. In their
study, Hassanzadeh and Aminzadeh used intravenous
IVMP in a cohort of 20 children and observed clinical
remission in 60% of them at 4.41+1.50 days [14]. Myt-
inger et al. reported their experience with use of IVMP
pulse followed by an 8-week course of oral steroids in
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10 participants with IS. Remission was achieved in 50%
between 2 and 6 days [6]. Yeh et al. used IVMP followed
by a 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 days [7].
Kapoor et al. found early response in IVMP group, as
54.8% showed spasm cessation at 5.4+0.9 days, while
68.9% of the OP group needed 9.5+2.6 days to show
spasms cessation [12]. In Rajpurohit et al. study which
included 44 recently diagnosed children with WS, meth-
ylprednisolone therapy was given as intravenous infu-
sion to 18 children at a dose of 30 mg/kg/day for 5 days
followed by oral steroids 1 mg/kg gradually tapered over
5-6 weeks, by day 14 of therapy, 6/18 (33.3%) children
achieved cessation of epileptic spasms [13].

With regard to resolution of hypsarrhythmia in EEG, it
was also similar in our study between both groups with
a total of 37.7% of infants. EEG showed improvement at
2 weeks, while 47.2% showed improving EEG at 6 weeks.
In Hassanzadeh and Aminzadeh study of IVMP, resolu-
tion of hypsarrhythmia on follow-up EEG at 2 weeks was
observed in 65% of patients [14] while 50% of infants in
Mytinger et al. study achieved this resolution in a mean
time of 23 days: range 11-38 days [6]. In Kapoor et al.
study, 51.6% of IVMP group and 44.8% of OP group
showed resolution of hypsarrhythmia at 2 weeks which is
comparable to our study as the percentage was 42.3% in
group A and 33.3% in group B [12].

At 6 weeks, the improvement of EEG was 46.2% in
group A and 48.1% in group B which also coincides to a
great extent with Kapoor et al. results where the percent-
age was 45.2% and 75.9%, respectively [12]. The similar-
ity in EEG results in the two groups in our study, while
its difference in Kapoor et al. study could be explained by
the similar duration of treatment in our groups while it
was shorter in Kapoor et al. study in IVMP group.

The relatively high dose in OP group may explain the
higher response in our study relative to other studies with
lower oral doses. Trials using 2 mg/kg/day of oral pred-
nisone had remission rates of 8.3-28.6% [15, 16].

Lux et al., who used higher doses of oral prednisolone
(ranging from 5 to 8 mg/kg/day), reported a 70% remis-
sion rate [17]

The higher response rate was in new patients in both
groups than in patients receiving other medication prior
to steroids which coincides with the results of Mytinger
etal. [6].

The most common adverse effect was increased appe-
tite followed by weight gain which was nearly similar in
both groups. These two side effects were more common
in OP group in Kapoor et al. study but as stated above
the duration of treatment was longer in this group in his
study than in their IVMP group [12].
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Sleep disturbances were less but nearly the same in
both groups followed by irritability then hypertension.
This agrees with Yeh et al. and Hassanzadeh and Amin-
zadeh who used IVMP [7, 14] but disagrees with Kapoor
et al. who noted that these three were found significantly
in the first few days of treatment in IVMP group and
related this to their regimen [12].

GIT disturbances were similar in both groups in our
study but was more than those in Kapoor et al. study
which may be explained by the relatively longer duration
of treatment in our regimen especially in IVMP group
and other dietary habits which may contribute to these
adverse effects [12].

Hyperglycemia was similar in both groups coinciding
with the results of Kapoor et al. study [12].

Study limitations

First, it was not a blind or randomized study (rational:
We were afraid to lose follow-up of cases (especially with
small sample size), in addition to money and time con-
strains, and inability to measure the long-term outcome
of both therapies. Also, validity of blind and randomized
trials requires multiple sites, which would be difficult to
manage). Second, the response to treatment was depend-
ent mainly on parental report and not on objective 24-h
EEG monitoring. Third, the etiology was unknown in
most patients while different etiologies may influence
prognosis. Lastly, we did not measure the long-term out-
come of both therapies.

Conclusions

This study revealed that no significant difference between
oral prednisolone and intravenous methylprednisolone in
treatment of epileptic spasm with regard to short-term
outcomes; the only advantage of intravenous therapy is
decreased time to get response and the only advantage of
oral therapy is its applicability at home without hospitali-
zation. Further studies are warranted to explore the long-
term outcomes.
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