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Abstract Adrenocorticotrophic hormone (ACTH), oral
corticosteroids and vigabatrin are now first-line treatments
for infantile spasms in the US and Europe. There is now
increased knowledge regarding the role of ACTH, corti-
costeroids and vigabatrin (e.g. efficacy, doses, side effects,
treatment in specific aetiological subtypes of infantile
spasms), and other antiepileptic drugs (i.e. topiramate,
valproate, zonisamide, sulthiame, levetiracetam, lamotri-
gine, pyridoxine, ganaxolone), as well as adjunctive flu-
narizine and novel drugs not yet in clinical use for infantile
spasms (i.e. pulse rapamycin and melanocortin receptor
agonists). The existence of a latent period, weeks to months
following a precipitating brain insult, raises the possibility
of preventive interventions. Recent experimental data
emerging from animal models of infantile spasms have
provided optimism that new and innovative treatments can
be developed, and knowledge that drug treatment can
affect long-term cognitive outcome is increasing. The aim
of this article is to review recent developments in the
pharmacotherapy of infantile spasms and to highlight the
practical implications of the latest research.

1 Introduction

Infantile spasms, or West syndrome, consists of epileptic
spasms, hypsarrhythmia or modified (atypical) hypsar-
rhythmia. The hypsarrhythmic EEG pattern reflects cha-
otic, high-voltage, interictal epileptic activity, and could be
known as electrical status epilepticus. On positron emission
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tomography (PET) scan, expansion of glucose hypome-
tabolism can be seen with persistent epilepsy [1]. Infantile
spasm syndrome is an epileptic encephalopathy. Epileptic
activity itself contributes to behavioural and developmental
consequences, therefore if spasms are not controlled, cog-
nitive outcome is always poor. Thus, it is important to stop
this damaging activity without delay.

Genetic, structural, metabolic, and unknown aetiological
groups represent modified concepts to replace idiopathic,
symptomatic and cryptogenic aetiology, according to the
International League Against Epilepsy (ILAE) Commis-
sion on Classification and Terminology in 2010 [2].

Underlying aetiology is the most important factor
affecting developmental outcome [3], and more than 200
potential aetiological factors for infantile spasms have been
reported [4]. After careful aetiological investigations, some
specific aetiological subgroups can be identified for which
specific therapy is recommended. Such groups include
metabolic diseases [5], cytomegalovirus infection [6],
cryptogenic group of infantile spasms [7] and tuberous
sclerosis (TS) [8]. The number of genes associated with
infantile spasms are rapidly increasing (ARX, CDKLS,
FOXG, GRINI, GRIN 2A, MAGI, MEF2C, SLC25A22,
SPTANI, STXBPI and 15q11qi13) [9], therefore genetic
therapy might be possible in the future.

In evidence-based reviews, infantile spasms are divided
into two traditional groups: (i) cryptogenic—normal
development before the spasms and no cause can be found
by careful aetiological investigations [magnetic resonance
imaging (MRI) being normal]; and (ii) symptomatic—a
pre-, peri- or postnatal cause can be identified. The cryp-
togenic group may have a normal outcome in up to 100 %
of patients if the effective treatment has been started within
1 month [10]. The symptomatic group can have a favour-
able outcome in approximately 20 % of patients [11].
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The number of cases in the cryptogenic group is
decreasing because chromosomal abnormalities and corti-
cal dysgenetic malformations can be found by modern
genetic testing and neuroradiological methods. In this
review, the traditional classification has been used because
it was used in the clinical studies discussed.

The aim of this article was to review recent develop-
ments in the pharmacotherapy of infantile spasms and to
highlight the practical implications of the latest research.
Large excellent reviews have been recently published [7,
12]; however, many questions (such as the safety profile of
approved and experimental therapies) still remain unan-
swered [13]. The author’s own experience and search for
other relevant studies from the world literature has sup-
plemented the present review.

2 What is the Most Effective Treatment for Infantile
Spasms?

Infantile spasms are usually resistant to conventional
antiepileptic drugs (AEDs) and adrenocorticotrophic hor-
mone (ACTH) has been the preferred treatment since 1958
[14]. Corticosteroids, such as prednisone, prednisolone and
hydrocortisone are used less often. Until now, data on the
efficacy of AEDs other than vigabatrin have been scarce.
Clinicians currently choose therapy for infantile spasms
on published studies, or less objective measures such as
personal experience, costs or side effect profile and avail-
ability of a drug. A through critical review was published
in 2004 by the American Academy of Neurology Central
Nervous System group to provide guidelines to clinicians
in the treatment of infantile spasms [15]. In a recent paper
published in Neurology, the same group provides an update
to these guidelines [7]. The researchers carried out database
searches of MEDLINE and EMBASE for relevant studies

conducted during the period 2002-2011, and place their
findings in the context of pre-2002 evidence [15]. The
searches identified 1,935 articles. Sixty-eight articles were
selected for detailed review, and 26 were included in the
analysis. Evidence-based criteria are shown in Table 1.

The aim of the 2012 guidelines update was to address
five questions that could not be answered in 2004 because
of insufficient data:

1. Are low-dose ACTH regimens effective for short-term
treatment of infantile spasms?

2. Is ACTH more effective than vigabatrin for short-term
treatment of infantile spasms?

3. Are corticosteroids as effective as ACTH for short-
term treatment of infantile spasms?

4. Is there a role for AEDs other than vigabatrin and for a
ketogenic diet in managing infantile spasms?

5. Does the successful early treatment of infantile spasms
lead to long-term improvement of neurodevelopmental
outcomes or decreased incidence of epilepsy?

Most recent studies only deal with short-term effects of
drugs and lack some outcome measures. Outcome mea-
sures should include the following: cessation of the spasms
with resolution of hypsarrhythmia, relapse rate, absence of
epilepsy and epileptiform EEG, and cognitive and behav-
ioural outcome [16]. Furthermore, the dropout rates of the
studies should be given because some studies include a
majority of patients with primarily favourable outcome.
Effective treatment is now defined as complete cessation of
the spasms plus abolition of hypsarrhythmia (‘all-or-none
response’) [15]. Parental reports are insufficient and EEG
should always be included for interpretation of response.

There have been more than 150 trials for the treatment
of infantile spasms. The data of patients treated with first-
line agents and in studies with evidence-based criteria [-III
are seen in Tables 2 and 3.

Table 1 Recommendations

. . Level of Description
graded in a 4-tier scheme . P
. evidence
according to the strength of
evidence supporting them [15] A Strong research-based evidence (requires at least two Class I studies)
B Moderate research-based evidence (requires at least one Class I study or two consistent
Class II studies)
C Limited research-based evidence (requires at least one Class II study or two consistent
Class III studies)
U Data are conflicting or insufficient to support the treatment = no scientific evidence
1 Prospective, randomised controlled trial
1T Prospective, controlled trial, lacking one of the following criteria: (a) primary outcome;
(b) exclusion criteria; (c) dropouts; (d) baseline characteristics clearly defined
1 Controlled trial in a representative population
v Evidence from uncontrolled studies
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Table 2 Prospective (Class I-1II) ACTH and oral glucocorticoid studies
Class of No. of SIS vs. ACTH dose Duration  Total Spasms EEG Follow-up  References
evidence patients CIS at full treatment  stopped  resolution (months)
(% of dose duration (%) (%)
patients) (weeks) (weeks)
11T 105 65 vs. 35  110/m> 3 8 49 39 6 years [48]
I 59 49 vs. 78 150/m> 3 12 54 22 NS [27]
45vs.75 20 TU/m’ 3 12 58 21 NS
I 15 52 vs. 80 150 TU/m? 2 4 87 87 15 [24]
12 92 vs. 67 Prednisone 2 mg/kg 2 4 33 33 16.9
I 19 64 vs. 88 10 IU/day 3-5.5 5-6 74 78 9-44 [39]
I 25 52 vs. 48  Tetracosactide 0.5 mg every 2 NS 76 70 NS [22]*
second day
30 57 vs. 43 40 mg/day prednisolone 2 10 70 EEG not done 10 weeks
in all
NS 97 86 vs. 14 2040 IU/day 3 5-6 64 77 10.4 years [29]
54 77 vs. 13 120 IU/day 3 54 74 10.4 years
ACTH adrenocorticotrophic hormone, NS not stated, SIS symptomatic infantile spasms, CIS cryptogenic infantile spasms
* Tuberous sclerosis excluded
Table 3 Prospective (Class I-III) vigabatrin studies
Class of No. of SIS vs. CIS Vigabatrin dose Duration at full Spasms EEG Follow-up References
evidence patients (% of patients) (mg/kg/day) dose (weeks) stopped resolution (months)
(%) (%)
I 20 32 vs. 50 150 5 days 35 23 12 [31]
I 75 79 vs. 31 18-32 12 23 NS 3-38 [40, 41]
67 77 vs. 33 100-150 12 11 NS 3-38
I 23 44 vs. 57 150 NS 48 36 14-44 [39]
11 52 40 vs. 60 100-150 14 54 50 14 [22, 50]

SIS symptomatic infantile spasms, CIS cryptogenic infantile spasms, NS not stated

2.1 Adrenocorticotrophic Hormone (ACTH)

Different forms of ACTH are available. Corticotrophin, so-
called ‘natural ACTH’ (e.g. corticotrophin gel and car-
boxymethyl cellulose) is naturally occurring and the ther-
apeutic product is derived from a bovine or porcine source.
Corticotrophin acts for 12—18 h [17]. Its synthetic derivate,
tetracosactide, consists of 24 amino acids occurring in
ACTH, and acts for 24-48 h [17]. Duration of action of the
depot tetracosactrin is twice that of corticotrophin [17].
The international units (IU) of ACTH and tetracosactide
are believed to be equivalent: corticotrophin 80-100 IU is
equivalent to 1 mg Zn tetracosactide. Zn tetracosactide is
used on alternate days because of its prolonged action. The
relatively serious side effects of tetracosactide are probably
due to its prolonged action [18]. Natural ACTH (Achtar®)
is not available in Europe, and synthetic ACTH, tetraco-
sactide, (Synacthen Depot®, S-Cortrophin Z®) is not
available in the US. The former drug is more than 200

times more expensive than the latter [19]. There are no
studies comparing the effects of natural ACTH and syn-
thetic derivates in the treatment of infantile spasms.

Doses of ACTH vary in different countries: Japan,
0.1 mg/day [20]; Finland, 0.25 mg/day (=0.5 mg every
second day) [21]; UK, 0.5 mg every second day [22]; and
US 60-80 IU/day (=0.6-0.8 mg/day) [23]. It is not clear
why infants in the US would need considerably larger
doses than in Japan.

Recently, in a large US review [23] it was concluded
that ACTH is the preferred therapy, but the optimal dose is
still unknown. High-dose ACTH (80 IU/m?) had a better
response than low-dose prednisone (2 mg/kg) for the
treatment of infantile spasms in a randomised controlled
trial (RCT) including 29 children [24] (Class I evidence)
(Table 2). In a large US consensus statement published in
2011, it was concluded that early recognition and diagno-
sis, initiation of short-term therapy with first-line treatment,
timely EEG evaluation of treatment effectiveness, and
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prompt treatment modification [25] were beneficial strate-
gies for the treatment of infantile spasms. However, there
has been no consensus on dosage or duration of therapy.
Spasms should be completely stopped. EEG evolution
should be an ‘all-or-none’ response. Unless hypsarrhythmia
or multifocal spikes resolve, cognitive recovery is likely to
be incomplete and disease progression is likely [26].

2.1.1 Are Low-Dose ACTH Regimens Effective
for Short-Term Treatment of Infantile Spasms?

A Class I study (N = 50) showed similar efficacy (cessa-
tion of the spasms) between low-dose (20-39 IU/day),
given for 3 weeks, and high-dose (150 IU/day) natural
ACTH given for 2-6 weeks [27]. A Class II study
(N = 25) likewise showed similar efficacy (cessation of the
spasms) between the low-dose (20 IU/mz) and high-dose
(150 IU/m?) treatments [28]. Combining these two studies
revealed that high-dose ACTH stopped the spasms in 79 %
of subjects compared with 76 % of subjects with low-dose
ACTH [12]. An older, prospective, large Finnish study
showed no difference in response rate (cessation of infan-
tile spasms and resolution of hypsarrhythmia) or relapse
rate comparing low-dose (20—40 IU/day) [N = 54] and
high-dose (80-120 IU/day) [N = 97] regimens; however,
long-term cognitive outcome was better with the low-dose
regimen [29, 30].

Recent evidence also suggests that low-dose ACTH is
probably as effective as high-dose ACTH for short-term
treatment of infantile spasms (Class I and II evidence) [7].
Therefore, the following recommendation was given in
2012: “Low-dose ACTH should be considered as an
alternative to high-dose ACTH for treatment of infantile
spasms (Level B)” [7].

2.2 Vigabatrin

Vigabatrin is an inhibitor of GABA transaminase, which
elevates GABA levels in the brain, leading to seizure
inhibition. Vigabatrin has been used in Europe since the
late 1980s and in Canada since 1994. It has gained popu-
larity because of its ease of use and efficacy. Opinions are
divided in Europe with regard to vigabatrin as initial
treatment. In the US, vigabatrin was approved by the FDA
in 2009, and vigabatrin and ACTH are now considered to
be the first-line therapies [23]. Clinical studies (Class I)
have shown that vigabatrin is superior to placebo in
decreasing the frequency of infantile spasms [31].
Determining how long the therapy should be maintained
is one of the great current challenges. Recently, it has been
recommended that if spasm improvement is not achieved
within 12 weeks of initiation, vigabatrin should be dis-
continued because of the risk of visual field defects [32].
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Vigabatrin might be withdrawn without relapse in infants
who have been spasm free for 6 months [33].

Hormonal treatment may be stopped after only 1 month,
and vigabatrin after 6 months, according to a US consensus
statement [23]. It is not known why vigabatrin treatment
should be much longer than ACTH treatment, which can
have a permanent effect after 2-4 weeks of therapy [24,
34]. Effective short-duration treatment may avoid major
side effects associated with the treatment of infantile
spasms [35].

Open questions still remain: can the relapses be avoided
with prolonged corticosteroid or vigabatrin treatment, or
will prolonged treatment cause glucocorticoid-induced
dementia [36] or vigabatrin-induced visual field defects
and apoptosis in the brain [37, 38]. It is known that glu-
cocorticoid stimulation induced by mild stress has positive
effects on the hippocampus, but severe stress induces
apoptosis, which would favour the use of small doses of
corticosteroids or ACTH.

2.2.1 Is ACTH More Effective than Vigabatrin for Short-
Term Treatment of Infantile Spasms?

There are only a few prospective studies comparing viga-
batrin and ACTH. In one prospective, randomised study
from Italy [39] (Class III), 42 infants received vigabatrin
100-159 mg/kg/day or ACTH depot 10 IU intramuscularly
once daily for 20 days. The effects (cessation of the
spasms) were 48 % versus 74 % in favour of ACTH
(p = 0.007). EEG response was faster with ACTH treat-
ment than with vigabatrin.

In the largest open randomised prospective study (the
United Kingdom Infantile Spasms Study; UKISS) includ-
ing 107 children (excluding TS), the effects (cessation of
the spasms) of ACTH and vigabatrin were 76 % and 52 %
at day 14 of treatment, respectively (p < 0.043) [22] (Class
IIT). Relapse rates did not differ significantly between the
treatment groups.

A Cochrane analysis included prospective studies com-
paring ACTH (or other hormonal treatments) against vig-
abatrin. Results from two Class III studies (N = 107 and
28, respectively) indicate that hormonal therapy leads to
resolution of spasms three times more rapidly and in more
infants than vigabatrin [22, 39].

In a Finnish prospective crossover study, vigabatrin
(50-100 mg/kg/day) was given as the first-line drug to all
42 patients with all aetiological groups. In total, 26 %
responded to vigabatrin (total cessation of the spasms and
resolution of hypsarrhythmia). ACTH was then offered in
combination with vigabatrin. The starting ACTH dose was
3-5 IU/kg; however, if the spasms continued, the dose was
doubled after 2 weeks. The total response rate was 60 %.
Patients were monitored by video EEG Class IV. [11].
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In the study of 179 infants by Elterman et al. [40] (Class
IIT), which also included video EEG, the response rates
with vigabatrin were very similar to the Finnish study:
23 % at day 14 but 60 % at 3 months. Thus, the response
to vigabatrin seems to come later and in fewer infants than
ACTH. Large doses of vigabatrin (100-140 mg/kg/day)
were more effective than the small doses (18-36 mg/kg/
day) in the study by Elterman et al. [40, 41].

In a multicentre retrospective study in Israel in children
with idiopathic West syndrome [42] (Class V), 14 children
were treated with vigabatrin (100-180 mg/kg/day) and 14
with ACTH (100 IU on alternate days). Spasm cessation with
vigabatrin at 2 weeks was 80 % and with ACTH was 88 %.
Cognitive outcome at 9 years was normal in all subjects in the
early (within 1 month) ACTH-treated group, 67 % in the late
ACTH group and 54 % in the vigabatrin group (p = 0.03).

In a Pakistan study including 56 infants (excluding TS), the
response rate (cessation of the spasms) to initial therapy was
55 % for vigabatrin and 50 % for ACTH [43] (Class IV).

In a UK study by Mohamed et al. [44] (Class IV)
including 75 infants (24 with cryptogenic spasms and 51
with symptomatic spasms), 61 % of subjects responded to
prednisolone 40 mg/day and 42 % to vigabatrin [44] (Class
IV). Corticosteroids yielded a significantly better response
in the cryptogenic group than in the symptomatic group.
Spasms stopped significantly more rapidly after cortico-
steroid therapy (8 days) than after vigabatrin treatment
(16 days) [44].

After pooling the data of eight separate prospective and
retrospective studies, vigabatrin had a good response on
spasms in 44 % of 478 patients [11, 22, 31, 39, 40, 45-47].
In the pooled data of nine separate prospective and retro-
spective studies, ACTH had a good response on spasms in
59 % of 476 patients [22, 24, 26-29, 34, 48, 49].

Early cessation of the spasms was attained significantly
more often with hormonal therapy (ACTH/prednisolone) than
with vigabatrin in the UKISS study, which included 107
subjects (excluding TS) [21] (Class III). As a continuation of
the aforementioned study, the same study group published the
results of follow-up at 14 months and 4 years [50, 51] (Class
I and Class I, respectively). At 14 months of treatment, there
was only a minimal difference in the relapse-free response rate
between vigabatrin and hormonal treatments and in terms of
seizure frequency [50]. However, cognitive outcome was
better after initial ACTH than vigabatrin in the unknown
aetiology subgroup, but not in the identified aetiology sub-
group [50, 51]. This might be explained by earlier cessation of
the spasms in the ACTH/hormone group.

2.3 Different Forms of Corticosteroids

Other forms of corticosteroids include hydrocortisone,
prednisone, prednisolone and dexamethasone. Physiological

cortisol secretion is 5—10 mg/m?*/day [52]. Dose equiva-
lencies are for hydrocortisone 20-30 mg/day, prednisone/
prednisolone ~ 7.5-10 mg/day and  dexamethasone
1-1.5 mg/day [52]. Prednisone has no substantial biologi-
cal effects until activated by the liver into prednisolone.
Hypothalamic-pituitary-adrenal (HPA) dysfunction is a
common and under-diagnosed disorder in the critically ill
child. Most importantly, administration of exogenous glu-
cocorticoid can lead to adrenal insufficiency Suppression
of the HPA axis is inevitable taking the equivalent of
15 mg/day or more of prednisolone for a long period [52].
Children who have been on long-term (>2 weeks) phar-
macological doses of glucocorticoids should be considered
to be at risk for adrenal insufficiency [53]. Also, short-term
(<7 days), high-dose steroid therapy has suppressed adre-
nal function more regularly than has been appreciated [54].

Physicians should be aware that adrenal insufficiency
may become longstanding and even permanent in excep-
tional cases [55]. Even minor degrees of adrenal insuffi-
ciency can be fatal in the stressed host [56]. It is necessary
to evaluate the HPA axis function after hormonal treat-
ment, and hydrocortisone substitution should be given until
stimulated serum cortisol is >500 nmol/l in a standard
ACTH test. In stressed individuals (such as those with a
fever of >38 °C), doses of hydrocortisone 30-50 mg/m*/day
intravenously or orally (divided into three doses) should be
administered [53]. Treatment with ACTH has been advocated
as a preferable alternative to corticosteroid treatment because
of its less suppressive effect on the HPA axis [57].

2.3.1 Are Corticosteroids and Antiepileptic Drugs (AEDs)
as Effective as ACTH for Short-Term Treatment
of Infantile Spasms?

In a Class I prospective randomised study (N = 29) [23]
and a Class III prospective open-label study (N = 49) [47],
high doses of ACTH (150 IU/mz) had a better response on
spasms than low-dose prednisone (2 mg/kg).

In a Class III prospective study from the UK [21], 107
patients were randomised to tetracosactide (synthetic
ACTH) 0.5 mg/day (40 IU) on alternate days and pred-
nisolone 40 mg/day. Prednisolone was increased to 60 mg/
day if spasms continued. Cessation of the spasms were
achieved in 76 % and 70 % of subjects, respectively. The
difference was not significant on day 14 of treatment. TS
was excluded in this study because vigabatrin was con-
sidered to be the drug of choice in TS [8]. It should be
noted that large doses of prednisolone were used in the
latter study. Large doses of prednisolone (40-60 mg/day)
have recently been given with high response rates of 21/30
(70 %) [22], 51/72 (70 %) [58], 28/57 (49 %) [59] and
10/15 (66 %) [60]. The studies were not been evidence-
based studies except for one [22]. However, oral
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prednisolone is a promising and much less expensive
alternative to intramuscular ACTH and that is why it is
used in developing countries. However, it should be noted
that large doses are associated with a high risk of HPA
insufficiency.

In a small uncontrolled study of ten children (Class IV),
Mytinger et al. [61] tested methylprednisolone pulse ther-
apy: 20 mg/kg intravenously on each of three successive
days followed by a 2-month prednisolone taper period in
ten children. The response rate was 50 %.

In a study by Haberlandt [62] (Class IV) 7 of 14 children
(50 %) with West syndrome exhibited 100 % response
(total cessation of the spasms) when 20 mg/m?*/day dexa-
methasone was administered as pulse therapy for 3 days,
with an interval of 4 weeks between each cycle. Every
patient received at least five cycles. Prospective trials with
larger numbers of patients would be needed to confirm
these clinical observations. These two innovative approa-
ches were partly motivated by cost, since the intravenous
methylprednisolone/dexamethasone regimen had an esti-
mated drug cost of US$200 compared with an estimated
US$70,000 for treatment with ACTH in the US [62].

Ganaxolone is a synthetic neurosteroid analogue that
modulates GABA(A) receptors. In an open-label, add-on
trial, spasm frequency was reduced at least 50 % in 33 %
of subjects (Class IV) [63—65]. The drug was well toler-
ated, but showed only modest and non-significant effec-
tiveness. Its effect on hypsarrhythmia was not reported.

Go et al. [7] concluded that the evidence is insufficient
to recommend the use of prednisolone, dexamethasone and
methylprednisolone, or AEDs as being as effective as
ACTH, which is preferred for the short-term treatment of
infantile spasms (Level U).

3 Side Effects of Corticosteroids and Vigabatrin

The common side effects of both drugs are irritability, sleep
disturbances and drowsiness [27, 39, 40, 48, 66]. Both drugs
also have severe side effects. The side effects of ACTH are
infections, arterial hypertension and adrenal hypofunction
after therapy [61]. For infants with a history of frequent
respiratory infections, prophylactic trimethoprim-sulfa-
methoxazole therapy might be recommended [18, 66].

Hypertension should be monitored and treated. In
hypertensive patients the heart should be studied by ultra-
sound to recognise hypertrophic cardiomyopathy [18].
Hydrocortisone substitution should be given after ACTH
therapy and continued until the adrenal function has nor-
malised [18].

In Finland, ACTH therapy is given at a minimally
effective dose and for the minimally effective time [18,
34]. With such treatment, no serious side effects were
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found [8, 34]. The potential side effects of ACTH might be
severe but they are all treatable and reversible.

Large doses of ACTH (120 IU) gave more side effects
than smaller doses (40 IU), but the difference was not
significant, except infections were significantly more fre-
quent with large doses compared with smaller doses
(p < 0.05) [18].

Vigabatrin-specific side effects include peripheral visual
field defects, and recently reported cerebral MRI structural
abnormalities. The visual field defects caused by vigabatrin
seem to be permanent [67]. Retinal damage, assessed by
electroretinogram (ERG), can be seen as soon as
2-3 months following vigabatrin initiation [32]. In the US,
vigabatrin is available only under a special restricted dis-
tribution programme (the Support, Help and Resources for
Epilepsy (SHARE) programme [http://www.lundsbeck
share.com]; FDA, 2009). While taking vigabatrin,
patients should have periodic ophthalmological evaluations
beginning at the baseline evaluation at initiation of therapy
as well as 3-6 months after cessation of treatment [http://
www.lundsbeckshare.com]. The problem is that no reliable
methods exist to detect whether or not visual field defects
are developing ongoing vigabatrin therapy in infancy
because they are not co-operative for perimetry assessment
or measurements of the loss of retinal nerve fibre layer
[32]. One recent systematic review showed that visual field
defects occur in 40 % of adults and 34 % of older children
receiving vigabatrin [68]. The earliest sustained onset of
the vigabatrin-induced retinal defect studied by ERG is at
3 months [32]. Visual field defects are sufficient to prevent
a person from driving. There are also concerns with chil-
dren who might have a poor underlying function as a part
of their overall neurological disabilities. There are only two
small studies, including 16 patients, examining visual fields
at school age after vigabatrin exposure in infancy. The risk
for infants has been considered to be low [69, 70]. A larger
recent multicentre study on visual field defects in school-
age children treated with vigabatrin during infancy for
infantile spasms [71] shows that vigabatrin causes visual
field defects in children at rates comparable to adults.

To date, the most viable hypothesis for toxicity is not
that it is accumulated GABA that affects the cone cells of
the retina but rather a more direct effect of vigabatrin. One
study in rodents showed that vigabatrin-associated reti-
nopathy is associated with light exposure [72]. More
recently, it has been suggested that a deficiency of taurine
is implicated in the pathogenic process of vigabatrin-
associated retinopathy [73, 74]. A pharmacogenetic
exploration of vigabatrin-induced visual field constriction
has also been undertaken, although no clear association has
been identified [75]. However, genetic differences could
explain why some children do not show any defects, even
after long use of vigabatrin therapy [71].
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New clinical trials should focus on the effect of taurine
supplementation on vigabatrin therapy for infantile spasms.
Limiting light exposure is also a simple and safe recom-
mendation to limit the extent of vigabatrin-induced retinal
lesions [74].

Drugs such as vigabatrin that increase synaptic con-
centrations of GABA in the brain can, in animals, cause
apoptotic degeneration in the developing brain, but not
after brain development has been completed [37, 38].

Hyperintensities in basal ganglia, thalamus, brainstem
and dentate nucleus have, very recently, been shown in
approximately one-third of those exposed to vigabatrin
[76-79]. These MRI abnormalities may occur as early as
3 months after the initiation of therapy. They may be, in
rare cases, accompanied by movement disorders [73].
Susceptibility seems to be restricted to infancy. They are
reversible in most infants following discontinuation of
therapy. Their clinical significance is still unknown. They
might remain unnoticed in patients with psychomotor
retardation and dyskinetic movements. Infants who display
new neurological abnormalities, such as dyskinetic move-
ments, during vigabatrin therapy might have a diagnostic
MRI [79].

4 Is There a Role for AEDs other than Vigabatrin
and for a Ketogenic Diet in Managing Infantile
Spasms?

The evidence for other AEDs is extremely limited com-
pared with vigabatrin. There are some Class IV studies of
topiramate [80-82], valproic acid [83, 84], Class I of sul-
thiame [85] and Class IV of zonisamide [86-89], pyri-
doxine [90, 91], nitrazepam [92], levetiracetam [93],
lamotrigine [94] and a ketogenic diet [95, 96].

Topiramate is a popular second-line treatment of
infantile spasms and is often used as first-line treatment,
especially where there is no access to vigabatrin [74] (Class
IV). There is variable slow or fast titration up to 24 mg/kg/
day [81], and the response is 40 % [80, 81]. Although there
are studies of its use in intractable infantile spasms and as
first-line treatment, there are no specific infantile spasm-
related RCTs. Topiramate is generally considered to be
tolerated at higher relative doses than in adults. The main
concerns in infants relate to sleepiness, appetite suppres-
sion and weight loss, acid-base disturbance—particularly
in the setting of concurrent ketogenic diet, reduced
sweating, nephrocalcinosis, and potential impaired cogni-
tion and learning, which might only become apparent in the
older child [80].

Valproic acid is often used as second-line treatment. It
has been used as first-line treatment (30 mg/kg/day) in 100
children with a ‘complete or good’ response rate on spasms

of 39 % [83] (Class IV). Adverse effects include hepato-
toxicity, especially in multidrug treatment when large
doses have been used [84].

Sulthiame remains an option when the first-line agents
fail. In one small study of 34 infants with spasms and
hypsarrhythmia, around one-third of subjects responded
electroclinically to a sulthiame + B6 combination, com-
pared with none of 17 taking B6 alone. Pyridoxine
150-300 mg/day was given before sulthiame. Sulthiame
was started at 5 mg/kg/day and the dose was then doubled
at day 7 (if no resolution of hypsarrhythmia). Spasm ces-
sation with resolved hypsarrhythmia in sulthiame + B6
was 6/17 versus 0/16 for B6 alone. Adverse effects inclu-
ded hyperventilation, dyspnea, somnolence, paraesthesias,
anorexia and psychiatric problems [85] (Class I).

Zonisamide has been studied in small open-label studies
as an adjunct to high-dose pyridoxine. Spasm cessation was
seen in 4/11 patients using doses up to 10 mg/kg/day [86]
(Class IV) and in 9/27 patients with doses up to 20 mg/kg/
day [87] (Class IV). Adverse effects are similar to topira-
mate and include drowsiness, ataxia, gastrointestinal
symptoms, oligohydrosis and renal calculi [88, 89].

A ketogenic diet (high-fat, adequate protein, low car-
bohydrate) is an alternative to the other therapies for
infantile spasms, especially for those children who have
been resistant to AED treatments. A group in Baltimore
reported its extensive experience with 104 consecutive
infants treated with the diet, with 64 % having a reduction
in spasm frequency 6 months after initiation of treatment
[95, 96] (Class IV). A weakness of this study is that the
main outcome measure was reduction in spasm frequency
rather than a complete resolution of the spasms, which in
general is considered to be the more important outcome
relating to seizure control. However, there is no evidence
that a ketogenic diet is better than the above-mentioned
compounds following failure of hormone and vigabatrin
therapy [7]. A specific indication for ketogenic diet may be
identified in the future [88, 89]. Side effects include con-
stipation, hyperlipidaemia, potential dehydration and renal
calculi. It has been considered that the ketogenic diet has
fewer side effects than ACTH therapy, and the frequency
of side effects is lower [95].

In a small, single-centre RCT trial with 38 participants,
complete cessation of spasms at 4 weeks occurred in 8/19
(42 %) patients treated with ACTH (25 IU/day) for
3 weeks compared with 12/19 (63 %) patients treated with
ACTH + magnesium sulphate [97] (Class III).

There is often debate about whether infantile spasms
should be treated with pyridoxine, pyridoxal phosphate
and/or folinic acid. No RCTs comparing these therapies
have been found. Pyridoxine therapy is considered first-line
in some countries, including Japan [90, 91] (Class IV).
Stockler et al. [98] have reviewed new developments
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relating to pyridoxine-dependent epilepsy and deficiency of
the enzyme antiquitin, also known as alfa-aminoadipic
semialdehyde dehydrogenase. This condition is likely to
present with neonatal seizures and not with infantile
spasms. Apart from these clearly defined monogenic
defects, pyridoxine may also have a non-specific thera-
peutic effect on spasms.

The above-mentioned agents have not been validated in
large-scale studies, but remain options when first-line
agents such as ACTH or vigabatrin fail or are contraindi-
cated. There is no convincing evidence for the efficacy of
these alternative therapies at this time.

5 Specific Aetiological Subtypes of Infantile Spasms
5.1 Cryptogenic Spasms

Better initial control of the spasms by hormonal treatment
was associated with significantly better cognitive outcome
at 14 months [50] and 4 years of age in patients with ‘non-
identified aetiology’ [51] in the UK Study. Hormonal
treatment may lead to improved developmental outcome in
those with no identified aetiology [50, 51]. ACTH might be
a drug of choice for cryptogenic infantile spasms [7].

5.2 Tuberous Sclerosis (TS)

TS represents an important cause of infantile spasms (10 %).
The first small prospective study in children with infantile
spasms and an underlying diagnosis of TS found vigabatrin to
be more efficient than hydrocortisone at stopping the spasms
[45]. In the study by Elterman et al. [40], which included
subjects with TS, there were significantly more responders
among children who had TS (13 of 15) compared with other
aetiologies (19/117; p < 0.001). Vigabatrin has been con-
sidered the drug of first choice in TS [8].

However, in a Finnish study the response rate with
ACTH was also high—73 % (16/22 infants) in the TS
group [99]. The response rates with ACTH and vigabatrin
are comparable in TS. Relapse rates are high after both
drug trials. Because the use of ACTH is always given for a
specified period, and vigabatrin for an indefinite period,
vigabatrin is a better choice. TS has been attributed to
mutations in the 7SCI and TSC2 genes. These genes,
known as tumour suppressors, are responsible for the
inhibition of the mammalian target of rapamycin (mTOR)
signalling pathways [100]. Mutations in these genes cause
hyperactivation of the mTOR system and result in exces-
sive cell growth and hamartomatous tumours in multiple
organs [100, 101]. Recently, novel treatment with mTOR
inhibitors proved to be effective in the suppression of
progressive proliferative growth of subependymal giant
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cell astrocytoma (SEGA) and renal angiomyolipomas
[102]. Vigabatrin inhibits seizures and mTOR pathway
activation in a mouse model of TS complex [103]. How-
ever, in the future, mTOR inhibitors (e.g. rapamycin) may
challenge the role of vigabatrin as the preferred drug for
infantile spasms caused by TS [104]. High-dose, pulse
rapamycin treatment is also a promising, well-tolerated and
disease-modifying new therapy for infantile spasms,
including those not linked to TS [104, 105]. Clinical trials
are ongoing to explore the benefits of this treatment to
control other severe symptoms, such as epilepsy and skin
lesions.

It has also been proposed that prophylactic antiepileptic
treatment prior to the onset of infantile spasms might
reduce epilepsy severity and risk of mental retardation in
infants with TS [106] (Class IV); however, this statement
needs an RCT to confirm the results.

5.3 ‘Other Symptomatic Infantile Spasms’, Studies
Excluding Patients with Cryptogenic Etiology
and TS

New information has come to hand from summarising six
published case series. Vigabatrin was effective (cessation
of spasms) in ‘other symptomatic spasms’ in a total of
98/287 patients (29 %) receiving short-term treatment, as
follows: 60/102 patients (59 %) [47]; 6/21 patients (28 %)
[39]; 4/30 patients (13 %) [11]; 7/72 patients (10 %) [40];
16/31 patients (51 %) [22]; and 5/31 patients (16 %) [107].
The high figures in the study by Aicardi et al. [47] could be
explained by the lack of EEG evaluation. In the two studies
where video telemetry was used [11, 40], the response rates
were only 16-10 %. It should be noted that vigabatrin
treatment may make spasms milder. Serial video EEG
recordings have shown that during vigabatrin treatment
there has been transition of motor spasms to subtle spasms
that may remain unnoticed [26]. In contrast, ACTH was
effective in 71/119 (59 %) patients [99] and ACTH or
prednisolone in 21/30 (70 %) patients [22], for a total of
92/149 (62 %) patients. Hormonal therapy seems to be
twice as effective as vigabatrin in the group of ‘other
symptomatic infantile spasms’.

6 Early Treatment

6.1 Does the Successful Early Treatment of Infantile
Spasms Lead to Long-Term Improvement
of Neurodevelopmental Outcomes or Decreased
Incidence of Epilepsy?

In a retrospective study by Kivity et al. [10] (Class IV),
long-term treatment with high-dose tetracosactide followed
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by oral corticosteroids for about 9 months resulted in a
normal cognitive outcome in all patients when treated
within 1 month of the onset of infantile spasms, but only in
40 % when treated later. This study included only cryp-
togenic patients.

In a Class III study, early treatment initiation (<1 month
following onset of symptoms) in 102 children with cryp-
togenic spasms, led to improved neurodevelopmental out-
come [48]. Favourable cognitive outcome with shorter
interval to treatment (<3 weeks [108], <4 weeks [109] and
<4 weeks [42]) has also been seen in recent studies
including patients with both cryptogenic and symptomatic
spasms.

Furthermore, in the cryptogenic group (N = 77) of the
UKISS study, Vineland Adaptive Behavioral Scores
(VABS) at 4 years were 96 in the hormonal group versus
63 in the vigabatrin treatment group (p = 0.033) [S1]. The
UKISS Class II study showed that cognitive outcome was
better after initial ACTH than vigabatrin in the cryptogenic
subgroup but not in the identified aetiology subgroup [51].
The study showed a 3.9-point decrease in mean VABS was
observed for each increase in category of time-to-initiation
of treatment [110] (Class I).

The outlook was much improved for children who not
only have a short treatment lag but who also responded to
treatment. This was seen in Finnish patients with both
cryptogenic and symptomatic spasms [111, 112].

A 2012 evidence-based review concluded “Hormonal
therapy (ACTH or prednisolone) may be considered in
preference to vigabatrin in children with cryptogenic
spasms, to possibly improve developmental outcome
(Level C)” and “A shorter lag time to treatment of infantile
spasms with either hormonal therapy or vigabatrin may be
considered to improve long-term cognitive outcomes
(Level C)” [7].

Finally, because 25-30 % of patients continue to have
spasms after intensive pharmacotherapy and express psy-
chomotor retardation, they may be candidates for surgery.
Many children previously classified as cryptogenic have
been shown to have malformations.

7 Animal Models

Little is known about the pathogenesis of infantile spasms.
For decades there were no good animal models for infantile
spasms. However, a number of promising animal models
have now been developed. Important pathophysiological
insights can be gained if appropriate questions are posed.
Current models are either on a specific cause of infantile
spasms, such as loss of interneurons (aristaless-related
homeobox ARX mouse), or propose a final common
pathway underlying all causes of infantile spasms.

Recently developed models are the ARX-linked aristaless-
related knockout and knock-in mouse model, the multiple-
hit model, corticotrophin-releasing hormone model, the N-
methyl-p-Aspartate model and the tetradotoxin model
[113]. No single model will replicate the human seizure
exactly. CPP-115, a vigabatrin analogue with better toler-
ability than vigabatrin, has recently been shown to decrease
spasms in the multiple-hit rat model of infantile spasms
[114]. In a mouse model of TS, vigabatrin inhibits seizure
activity and mTOR pathway activation [103]. Rapamycin,
currently being evaluated within animal models for TS, is
emerging therapy under investigation for infantile spasms
[104, 105].

8 New Options

No current therapy is ideal, and novel agents are needed.
Advanced molecular biology of the disease genetics and
neuroimaging underlying this catastrophic epilepsy may
facilitate more effective pharmacological interventions.

Flunarizine might have neuroprotective effects in
patients with infantile spasms. In a Canadian study of 45
children treated with vigabatrin, ten flunarizine-treated
children with no identified aetiology had better outcomes
than eight controls treated with vigabatrin and placebo at
24 months on both the Vineland Scale and the Bayley
Scale [115] (Class IV).

Pulse rapamycin is a promising treatment for ACTH-
refractory infantile spasms. Rapamycin inhibits seizures
and mTOR pathway activation in a mouse model of the TS
complex [101, 103-105], And also improved cognitive
outcome in a rat model of infantile spasms [104].

Other novel therapies include insulin-like growth factor
(IGF)-1, which might increase synaptic development [116],
melanocortin receptor agonists [117] and combination
therapy with vigabatrin and corticosteroids [118] which is
currently being tested in the ICISS (International Collab-
oration Infantile Spasms Study) study in the UK.

9 Conclusions

The most important goal of treatment is achievement of
good cognitive outcome. Hormonal therapy and vigabatrin
remain the first-line treatments of infantile spasms, with
vigabatrin being the first-line therapy for TS. For other
aetiologies, hormonal therapy seems to be more efficacious
than vigabatrin. Evidence suggests resolution of spasms is
faster and achieved in more infants with hormonal therapy
than with vigabatrin. The optimal dosage and duration of
ACTH therapy is still unknown, and low doses of ACTH
are as effective as high doses. Shorter treatment lag
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probably improves long-term cognitive outcome. ACTH is
superior to vigabatrin for cognitive outcome in cryptogenic
groups. Different corticosteroids and AEDs can be given as
second-line drugs when first-line drugs are ineffective or
are contraindicated.

The recently updated guidelines do not provide defini-
tive answers to the five questions presented. Therefore, in
the future (i) multicentre RCTs with multiple treatment
arms should be conducted; (ii) long-term outcome in
children treated with vigabatrin should be evaluated; (iii)
management of relapses is also important to study; (iv)
understanding and preventing visual field loss following
vigabatrin treatment is important; and (v) recent experi-
mental data emerging from animal models of infantile
spasms are providing optimism that new and innovative
treatments can be developed. Advances in our under-
standing of brain maturation, aetiologies, mechanisms and
genetics underlying infantile spasms may facilitate more
effective intervention.
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