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A B S T R A C T

Background

Infantile spasms (West’s Syndrome) is a syndrome which includes a peculiar type of epileptic seizure, the spasms, and an electroen-

cephalogram (EEG) abnormality often called hypsarrhythmia. Psychomotor retardation is frequently found at follow up. Approxi-

mately two thirds of affected infants will have a detectable underlying neurological abnormality, but still little is known about the

pathophysiological basis for infantile spasms and treatment remains problematic.

Objectives

To compare the effects of single pharmaceutical therapies used to treat infantile spasms in terms of control of the spasms, resolution of

the EEG, relapse rates, psychomotor development, subsequent epilepsy, side effects, and mortality.

Search strategy

Published data: Cochrane Epilepsy Group Specialised Register, CENTRAL (The Cochrane Library 2007, Issue 4), MEDLINE, EMBASE,

and the reference lists of all retrieved articles.

Unpublished data: ISRCTN Register (www.controlled-trials.com), correspondence with colleagues and drug companies, and requests

at international conferences.

Selection criteria

All randomised controlled trials of the administration of drug therapy to patients with infantile spasms.

Data collection and analysis

Data collection from all relevant publications was independently undertaken by three review authors using a standard proforma. Analysis

included assessment of study quality and looking for sources of heterogeneity.

Main results

We found 12 small RCTs (less than 60 patients enrolled) and two larger RCT (more than 100 patients enrolled). These 14 studies

looked at a total of 681 patients treated with a total of nine different pharmaceutical agents. Overall methodology of the studies was

poor, partly because of ethical dilemmas such as giving placebo injections to children. Two studies showed that placebo was not as

good as active treatment in resolving the spasms. The strongest evidence suggested that hormonal treatment leads to resolution of
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spasms faster and in more infants than does vigabatrin. Responses without subsequent relapse may be no different. The same study

suggests that hormonal treatments (prednisolone or tetracosactide) might improve the long-term developmental outcome compared

with vigabatrin in infants not found to have an underlying cause for their infantile spasms.

Authors’ conclusions

To date, there have been few well-designed RCTs that considered the treatment of infantile spasms, and the numbers of patients enrolled

have been small. Overall methodology has been poor, hence it is not clear which treatment is optimal in the treatment of this epilepsy

syndrome. Hormonal treatment resolves spasms in more infants than vigabatrin but this may or may not translate into a better long-

term outcome. If prednisone or vigabatrin are used then high dosage is recommended. Vigabatrin may be the treatment of choice in

tuberous sclerosis. Resolution of the EEG features may be important but this has not been proven. Further research using large studies

with robust methodology is still required.

P L A I N L A N G U A G E S U M M A R Y

Treatment of infantile spasms

The optimum treatment for infantile spasms has yet to be proven with confidence, in part because of the different objectives of existing

studies. However, some useful conclusions can be drawn from current evidence.

Infantile spasms is a rare seizure disorder commonly associated with severe learning difficulties. Many different treatments are currently

used world wide in the treatment of this disorder and many more have been tried in the past, often with little success. Not all treatments

are licenced for use in all countries. Most treatments have significant side effects. The long-term benefits of different therapies on

seizure control and on neurodevelopment need more research. Two studies have shown that placebo is not as good as active treatment

in resolving the spasms. The strongest evidence we found suggests that hormonal treatment leads to resolution of spasms faster and in

more infants than does vigabatrin. Responses without subsequent relapse may be no different but one study suggested that hormonal

treatments (such as prednisolone or tetracosactide) might improve the long-term neurodevelopmental outcome in infants and young

children with no underlying cause for their infantile spasms. This makes hormonal treatments more attractive at least for this group of

infants. More information and further research is needed to compare the therapies that are currently available.

B A C K G R O U N D

Infantile spasms, also known as West’s Syndrome or salaam spasms,

were first described by Dr West in a letter he wrote to the Lancet

in 1841. It is a syndrome that includes a peculiar type of seizure, a

high risk of psychomotor retardation, and usually a characteristic

electroencephalogram (EEG) pattern known as hypsarrhythmia (

ILAE 1989; Roger 1985). It is relatively uncommon with an es-

timated incidence of 0.16 to 0.42 per 1000 live births (Cowan

1991). There is an association with a number of disorders, some

of which are known at disease onset (for example cerebral palsy,

Down’s syndrome etc.) whilst others are discovered on investiga-

tion after the onset of spasms (for example tuberous sclerosis, neu-

ronal migration disorders etc.). However, in a significant minority

of cases the aetiology remains unknown (Aicardi 1994). Despite

knowing about the condition for over 150 years, there has been

little progress in our understanding of the pathophysiology of the

condition and treatment of the disorder has remained largely em-

pirical.

Onset of the seizures usually occurs within the first year of life,

with a peak age of onset of three to five months. The seizures

are usually refractory to treatment with conventional antiepileptic

drugs. The seizures usually consist of sudden, generally bilateral

and symmetrical contractions of the neck, trunk, and extremities

that are associated with a brief loss of consciousness. Less com-

monly, they may consist of an extensor spasm of the legs and spine,

or simple head nodding. Rarely they are asymmetrical. Seizures

often occur in clusters or runs; commonly 20 or so but as many

as 100 spasms can occur in a single cluster, each individual spasm

lasting seconds only. These clusters frequently occur as the infant
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is waking from sleep and are commonly associated with a cry. In

most cases they resolve by the age of three, though rarely can per-

sist up to 10 to15 years of age (Aicardi 1994).

Hypsarrhythmia is used to describe an EEG pattern that is charac-

terized by random, high voltage spikes and slow waves. The most

striking features of hypsarrhythmia are high-voltage slow waves

with variable amplitude; spikes and waves from many foci, varying

with time; and a lack of synchrony, with a generally ’chaotic’ ap-

pearance. The typical appearance is more likely to be found in ear-

lier stages of infantile spasms and when onset occurs at a younger

age. The hypsarrhythmic pattern may disappear during rapid-eye-

movement (REM) sleep but it may be found with greater sensi-

tivity in some other stages of sleep (Lux 2004b).

Although the spasms resolve with time, the long-term prognosis is

poor. Many of the children develop other forms of severe epilepsy

and the majority (80% to 90%) have psychomotor retardation (

Riikonen 1996). Some children have delayed development prior

to the onset of their seizures as part of a predisposing condition,

for example Down’s syndrome. Nevertheless even in these patients

further regression of development is often seen after the onset of

the spasms. The degree of psychomotor delay is severe in approxi-

mately 70% of the children, placing a great burden on both carers

and the health system. Although few studies have been undertaken

looking at the long-term outcome of these patients it is a widely

accepted view that earlier diagnosis, and quicker control of the

spasms, might improve the prognosis.

In the past there have been a number of clinical trials looking

at different treatment regimes. The main problem is that few of

these trials have been randomised controlled trials and the drug

under investigation has frequently been used long after the on-

set of seizures and in addition to, or after, other anticonvulsants.

There is wide variation in the drug dosages used and the dura-

tion for which the drugs are used. As a result it is confusing when

looking at the literature to know which is the best treatment for

this disorder with the consequence that many different treatment

modalities are currently in use. The majority of trials have con-

sidered infantile spasms as a single entity rather than considering

the underlying aetiology, but it is possible that infantile spasms

resulting from one particular disorder (for example Down’s syn-

drome or tuberous sclerosis) might respond better to one form of

treatment than another. Other factors than treatment that might

affect the outcome also need to be considered, for example the

belief that the sooner the spasms are brought under control (that

is the shorter the time from onset to starting treatment, or the lead

time) the better the outcome. Likewise if infants entered into a

trial have been previously treated for infantile spasms this might

also affect outcome.

Infantile spasms are an unusual epilepsy syndrome. The interictal

EEG is very abnormal in these infants, but occasionally is only ab-

normal during sleep. The ictal EEG is variable, often with suppres-

sion or fast activity but the ictal event is frequently (but not always)

typical. Agreement on the exact definition of the EEG abnormal-

ity required in order to make the diagnosis has not been achieved

but fortunately the combination of the unusual ictal event, the

clinical semiology, and the very abnormal EEG makes any other

diagnosis unlikely even when either the EEG or the ictal event are

not typical.

That the ictal episodes are individually very brief (lasting between

one and two seconds), they occur in clusters or batches (many of

which can occur in a day), and the frequency of the ictal episodes

during a cluster (often many per cluster) are features also con-

tributing to the fact that this is an unusual epilepsy. Absence of

ictal activity can, therefore, be detected with some accuracy (de-

pending on the accuracy of the witness) on a daily basis by direct

observation. Cessation of all ictal activity is generally accompa-

nied by resolution of the features usually seen on the EEG, but

many infants will not then have a normal EEG because of other

seizure types or underlying structural brain abnormalities. Since

it is not practical to record the EEG on a daily basis, the relation-

ship between resolution of the ictal activity and improvement of

the EEG is not clearly established. There is, therefore, disagree-

ment over the importance of continuing treatment if the EEG

remains severely abnormal in the absence of clinical evidence of

continuing infantile spasms. Some clinicians feel that persistence

of the EEG abnormality must indicate continuation of the epilep-

tic encephalopathy and that the EEG findings should, therefore,

be treated even in the absence of observed ictal episodes.

Another unusual feature of this condition is the developmental re-

gression that so often accompanies the onset of the seizures. This,

and the severity of the EEG abnormality, have led many to the con-

clusion that infantile spasms are an epileptic encephalopathy. This

theory lends support to the hypothesis that it may be important to

continue treatment until the EEG abnormalities have improved.

Most treatments are believed to work if a response occurs within

a short time of the commencement of treatment, usually within

14 days. Such claims need to be backed up with evidence, espe-

cially since there has been a tendency in the literature for claims of

rapid response not to be supported by the evidence. However, the

practical outcome of the developmental regression and the usual

rapid response (viz other epilepsy syndromes) means that spasms

continuing beyond 14 days of treatment is usually an indication

to try an alternative treatment.

These issues, definitions and outcomes have been subject to review

by an independent group using Delphi methodology. This review

concluded that clinical evidence of cessation of spasms should

be reported independently of cessation of spasms combined with

resolution of the EEG features of the condition. Importantly, it was

agreed that subsequent developmental progress was an important

outcome and that this might be a more important outcome than

cessation of spasms. It is proposed that the protocol for the present

review will need to be reviewed prior to the next review in order
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to take into account this internationally agreed consensus.

Additional difficulties have arisen from the use of terms in publica-

tions, such as ’high dose’ and ’low dose’. In some studies the ’high

dose’ has been lower than the dose used in other studies as ’low

dose’. In addition, the lack of study by pharmaceutical companies,

a common problem in paediatric practice, means that the most

effective dose is often not known. Some studies have corrected for

body size through an adjustment for body weight and others have

adjusted for surface area. However, such adjustment is not usually

justified and the scientific basis for or against adjustment is not as

robust as it could be.

It is, therefore, clear that resolution of the clinical evidence of

spasms is one outcome and that this may occur quickly, in contrast

to most epilepsy syndromes. Resolution of the EEG features also

needs to be reported, and subsequent developmental progress is

an important later outcome. Since other seizure types occur prior

to the spasms in many infants, and may also follow spasms even

when these resolve and other seizure types did not occur prior to

the onset of spasms, epilepsy outcome for all seizure types needs

to be reported.

Significant conventional reviews of the literature on the treat-

ment of infantile spasms include Haines 1994, Riikonen 1996 and

Mackay 2004.

O B J E C T I V E S

The aim was to compare the effects of single pharmaceutical ther-

apies used to treat infantile spasms in terms of control of spasms,

resolution of hypsarrhythmia, long-term psychomotor develop-

ment, and subsequent epilepsy rates.

The following hypotheses were tested.

Therapy versus placebo

(1) Therapy A* is more effective in controlling infantile spasms

(in terms of spasm cessation, reduction in total number of spasms,

and relapse) than placebo treatment.

(2) Therapy A* is more effective in resolving the EEG appearance

than placebo treatment.

(3) Therapy A* gives improved long-term psychomotor develop-

ment compared with placebo treatment.

(4) Treatment of infantile spasms with therapy A* reduces subse-

quent epilepsy rates compared with placebo treatment.

Therapy versus no treatment

(1) Therapy A* is more effective in controlling infantile spasms

(in terms of spasm cessation, reduction in total number of spasms,

and relapse) than no treatment.

(2) Therapy A* is more effective in resolving the EEG appearance

than no treatment.

(3) Therapy A* gives improved long-term psychomotor develop-

ment compared with no treatment.

(4) Treatment of infantile spasms with therapy A* reduces subse-

quent epilepsy rates compared with no treatment.

Comparisons between therapies

(1) Therapy A* is more effective in controlling infantile spasms (in

terms of spasm cessation, reduction in total number of spasms, and

relapse) compared with any other single pharmaceutical therapy.

(2) Therapy A* is more effective in resolving the EEG appearance

compared with any other single pharmaceutical therapy.

(3) Therapy A* gives improved long term psychomotor develop-

ment compared with any other single pharmaceutical therapy.

(4) Treatment of infantile spasms with therapy A* reduces subse-

quent epilepsy rates compared with any other single pharmaceu-

tical therapy.

*Therapy A = ACTH** or hydrocortisone or prednisone/pred-

nisolone or carbamezapine or ethosuximide or gabapentin or lam-

otrigine or phenobarbitone or phenytoin or topiramate or viga-

batrin or valproate or clonazepam or diazepam or nitrazepam or

pyridoxine (vitamin B6), or methysergide, or methylparatyrosine,

or sulthiame or any other single therapeutic agent studied in the

literature.

**ACTH - at the time of undertaking this review there were

two ACTH preparations in widespread use: ACTH (adrenocor-

ticotrophin hormone) and tetracosactide. ACTH is naturally oc-

curring and the therapeutic product is derived from a bovine

or porcine source and administered as an intramuscular injec-

tion. However in the UK, with the existing concerns surrounding

bovine spongiform encephalopathy (BSE), ACTH has been with-

drawn from the market. Tetracosactide is a synthetic alternative

to ACTH and consists of the first 24 amino acids occurring in

ACTH. It displays the same physiological properties as ACTH.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomised controlled trials (RCTs) of the administration of

drug therapy to infants and children with infantile spasms were

included in this review, including trials which compared a therapy
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with no treatment or placebo and trials that compared one drug

with another or with different doses of the same drug.

Definition of an RCT: trials in which participants are prospectively

allocated to treatment groups by a random (for example, random

number generation, coin flips) or a quasi random (for example, by

date of birth) process.

If the study was not an RCT it was not included in the review.

The existence of such studies was documented.

We considered studies looking at drug therapy as second-line ther-

apy as well as those studies looking at drug therapies as first-line

therapy.

Types of participants

Any infant or child treated for infantile spasms regardless of

whether or not EEGs were performed or whether therapy had been

given prior to trial entry.

As the majority of published studies on infantile spasms did not

give the definition of infantile spasms used for their participants,

for the purpose of this review we assumed a clinical diagnosis

had been made for any participant that was entered into a trial.

We documented any definitions that were given and considered

whether differences in definition might account for variation be-

tween studies.

Types of interventions

(1) Any trial that compared at least one therapy against placebo

treatment.

(2) Any trial that compared at least one therapy against no therapy.

(3) Any trial that compared at least one therapy against another

therapy or a different dose of the same therapy.

Therapies included:

(1) ’steroids’: ACTH, tetracosactide, hydrocortisone, prednisone

or prednisolone;

(2) antiepileptic drugs: carbamazepine, clonazepam, diazepam,

ethosuximide, gabapentin, lamotrigine, methysergide, methyl-

paratyrosine, nitrazepam, phenobarbitone, phenytoin, pyridox-

ine, sodium valproate, sulthiame, topiramate, vigabatrin;

(3) any other single therapeutic agent studied in the literature.

Any dose regime of the above therapies was included.

Types of outcome measures

(1) Cessation of spasms

This was defined as total cessation of spasms for at least 48 hours

after commencing therapy but occurring within a month of com-

mencement of therapy. It was measured as a dichotomous variable

(that is, ceased or continuing). Time taken from commencement

of therapy to cessation of spasms was also to be measured as a

continuous variable (measured in days).

(2) Quantitative reduction of spasms

This was measured as the number of spasms occurring before

treatment was commenced compared with the number occurring

following treatment and was to be measured as a dichotomous

variable (that is, greater than 50% reduction or less than 50%

reduction in the number of spasms occurring per day over the

seven-day period before trial entry and over a seven-day period at

one month after commencing therapy).

(3) Resolution of EEG abnormality

The patients were divided into those in whom the EEG abnormal-

ity remained and those in whom there was resolution. It was mea-

sured as a dichotomous variable (that is, resolved or unresolved).

(4) Relapse rates of spasms

A single spasm occurring by one year of age or within the study

period but after cessation of spasms constituted a relapse. It was

measured as a dichotomous variable (that is, relapse occurred or no

relapse occurred). Time taken from cessation of spasms to relapse

was also to be measured as a continuous variable (measured in

days) in those patients in whom spasms had ceased.

(5) Long-term psychomotor development

This was to be analysed in months as a measure of the deviation

from the chronological age. It was to be measured at three-months

post entry into the trial and, where possible, at five years of age. It

was measured as a continuous variable.

(6) Subsequent epilepsy rates

The diagnosis of any other epileptic seizure type other than infan-

tile spasms after the commencement of therapy constituted subse-

quent epilepsy. It was to be measured at three-months post entry

into the trial and, where possible, at five years of age. Any seizure

type plus each seizure type (for example, primary generalised, par-

tial etc.) was to be measured as a dichotomous variable (that is,

present or absent) over the previous one month at three-months

post entry, and over the previous six months at five years of age.

Because of the difficulty of defining epileptic seizures in children

we used the original authors’ diagnosis.

(7) Side effects

Only side effects that were considered severe enough to warrant

discontinuation of the test treatment were measured. They were

measured as a dichotomous variable (that is, therapy stopped ver-

sus therapy not stopped). They were also qualitatively summarised.

(8) Deaths

All deaths were measured. They were measured as a dichotomous

variable (that is, alive or deceased).

Search methods for identification of studies

We searched the Epilepsy Group Specialised Register (November

2007). This register contains reports of trials identified from regu-

lar searches of the Cochrane Central Register of Controlled Trials

(CENTRAL) and of MEDLINE. Relevant reports are also iden-

tified by handsearching selected journals and conference proceed-

ings.

In addition, we carried out searching as follows.
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(1) Electronic databases

We searched the following databases. There were no language re-

strictions.

(a) CENTRAL (The Cochrane Library 2007, Issue 4) was searched

using the strategy outlined in Appendix 1.

(b) MEDLINE (Ovid) (1960 to Week 2 November 2007) was

searched using the strategy outlined in Appendix 2.

(c) EMBASE (1980 to March 2003) was searched in a similar

manner to MEDLINE. We no longer have access to this database

and so have not been able to update this aspect of our searching.

(d) ISRCTN Register (www.controlled-trials.com) was searched

using the term “infantile spasms” (November 2007).

(2) Other sources

The reference lists of both the RCTs and rejected articles were

scanned (by ECH) to identify possible articles missed by the com-

puterised search. We contacted pharmaceutical companies and

colleagues, and made appeals at international conferences to try

and identify unpublished data and studies not published in En-

glish.

Data collection and analysis

Relevant publications were reviewed independently by three re-

view authors (Dr Hancock, Professor Osborne, and Professor Mil-

ner or Dr Edwards). Discrepancies were resolved by discussion.

There was no blinding of authorship or results. All RCTs were

considered. All non-English studies were also considered.

Assessment of methodological quality

• Selection bias: the studies were assessed as to whether

allocation concealment was adequate, unclear, or inadequate.

• Performance bias: the studies were assessed as to whether

recipients and those measuring outcome were unaware of the

assigned therapy (however we accepted that the majority of the

studies in this review would not be double-blinded trials).

• Attrition bias: assessed as to whether there was loss of

patients to follow up in the studies.

Using the above criteria, studies were then divided into: (1) those

with a low risk of bias; (2) those with a moderate risk of bias; and

(3) those with a high risk of bias (see Cochrane Handbook for

Systematic Reviews of Interventions, Section 8.5) (Higgins 2005).

Exclusion criteria

• Any trial that was not a RCT was excluded from analysis

but was documented.

• If a clinical definition for infantile spasms was given, any

trial in which there was doubt about the clinical diagnosis was

excluded from analysis, but was documented.

In studies where it was unclear if the above criteria have been

met then the review authors are endeavouring to obtain additional

information by contacting the first author on up to three occasions.

This is documented.

The following data were extracted independently by three review

authors (Dr Hancock, Professor Osborne and Professor Milner or

Dr Edwards) and discrepancies were resolved by discussion.

(1) Participants (that is, those characteristics of the population that

may affect outcome regardless of treatment):

• age at spasm onset, at diagnosis, and at start of treatment

(mean or median and range measured to the nearest completed

week of age);

• time from onset of spasms to initiation of treatment (mean

or median and range measured to the nearest completed week);

• sex (male, female);

• previous treatment for infantile spasms (e.g. prednisolone,

ACTH, vigabatrin, valproate).

(2) Interventions:

• type of pharmaceutical agent used (e.g. prednisolone,

ACTH, vigabatrin, valproate);

• dose (measured in the internationally accepted units (e.g.

mg for prednisolone, IU for ACTH);

• frequency (measured as the number of times the

pharmaceutical agent was given in a 24 hour period);

• route of administration (i.e. oral, intramuscularly,

intravenously);

• treatment length (measured to the nearest completed day).

(3) Outcome measures:

• cessation of spasms and the time taken to cessation of

spasms;

• resolution of EEG and time taken for resolution;

• reduction in spasms;

• relapse rates and the time taken to relapse;

• psychomotor development;

• subsequent epilepsy rates;

• side effects;

• deaths.

Analysis plan

(1) Study quality. This was done with a table of met or unmet

criteria for selection, performance, and attrition bias.

(2) Dichotomous data. For each item of data requiring dichoto-

mous analysis the following were recorded: number of patients

who experienced the event (or outcome) in each group for each

comparison and the total number in each group. They were anal-

ysed using Peto odds ratios (OR) in the Cochrane RevMan soft-

ware.

(3) Continuous data. For each item of data requiring continu-

ous data analysis (except psychomotor development) the following

were recorded: number of patients in each group, the mean or me-

dian value for the outcome in each group, and the standard devi-

ation. They were analysed using weighted means in the Cochrane

RevMan software.
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(4) When data for the same outcome was presented in some studies

as dichotomous and in others as continuous data then we endeav-

oured to obtain continuous data from the investigators. If it was

not possible to obtain continuous data, for example because it was

not recorded, then the data was either analysed as dichotomous

data with a ’cut-off ’ point agreed by the three review authors or a

mixture of dichotomous and continuous data was analysed using

two separate tables.

(5) We looked for sources of heterogeneity between trials: method-

ological and clinical differences, including previous treatment for

spasms, age at trial entry, single underlying cause. We also looked

for subgroup analysis of clinical features, for example: develop-

mental delay prior to onset of spasms, differences in drug dosages,

timing and length of treatment, and specific underlying diagnosis,

such as tuberous sclerosis.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies; Characteristics of ongoing studies.

The literature search identified 87 studies to be evaluated for inclu-

sion into this review. Some studies were identified from more than

one source. Review of the studies eliminated 64 studies because

they were not RCTs; a further six because the participants did

not suffer from infantile spasms; and one paper was excluded be-

cause the data referred to the effects of hormonal treatment on the

brain when imaged using computerised tomography and did not

report any other outcome measure. This left a total of 16 papers.

In one of these (Vigevano 1994) all the data were included in a

further paper (Vigevano 1997). Two other papers (Lux 2004; Lux

2004b) reported different outcome measures from the same trial.

This gave a total of 14 RCTs looking at the treatment of infantile

spasms, with a total of 667 patients. These 14 trials looked at nine

different pharmacological agents: vigabatrin; ACTH (seven dif-

ferent treatment regimes and different preparations); prednisone;

hydrocortisone; nitrazepam; sodium valproate; sulthiame; methy-

sergide; and alpha-methylparatyrosine (see table ’Characteristics of

included studies’). We have been careful to amalgamate for meta-

analysis only those treatments for which there is a rationale for

combining treatments.

Appleton 1999

This was a short-term randomised, double-blind, placebo-con-

trolled multicentre trial of 40 patients. Inclusion criteria included

patients aged between one and 20 months with newly diag-

nosed and previously untreated infantile spasms in whom the

EEG demonstrated either classical or modified hypsarrhythmia.

A spasm was defined as a sudden, generally bilateral and symmet-

rical contraction of the muscles of the neck, trunk, and extremi-

ties (flexor, extensor, or mixed). The principal exclusion criterion

was the use of any medication, including steroids, which could be

considered to be an antiepileptic drug within a two-month period

before entry into the trial. The trial consisted of a five-day dou-

ble-blind phase during which patients received either vigabatrin

or placebo. Twenty patients received vigabatrin and 20 received

placebo. The initial starting dose was 50 mg/kg/day for 24 hours;

if spasms did not cease completely, the dose was increased to 100

mg/kg/day and maintained for a further 48 hours. The dose could

then be increased further to 150 mg/kg/day. Randomisation was

pre-determined by a code held by the pharmacy department of

each participating hospital. Both the recipients and assessors were

blinded. Outcomes reported were: cessation of spasms, reduction

in spasms, resolution of hypsarrhythmia, and relapse rates. Some

patients were lost to follow up, but not during the double-blind

phase.

Askalan 2003

This was an open-label, randomised, single-centred trial of nine

patients. Inclusion criteria included: patients aged between 3 and

16 months of age presenting with infantile spasms. The diagnosis

of infantile spasms was confirmed by the presence of myoclonic

flexor, extensor spasms, or both with video-EEG showing hyp-

sarrhythmia or modified hypsarrhythmia. Patients were excluded

if they had: previously received vigabatrin or corticosteroids; a

known visual disturbance; or a known medical condition for which

corticosteroids would be contraindicated. The trial consisted of

three patients receiving 150 IU/m2/day ACTH intramuscularly in

two divided doses for one week, followed by 75 IU/m2 /day ACTH

for one week; and six patients receiving 100 mg/kg/day vigabatrin

orally in two divided doses for two days, then increasing to 150

mg/kg/day for the remainder of the two-week period. Following

the initial two-week period, responders remained on their initial

trial treatment and either completed a 12-week tapering proto-

col for ACTH or 18 months of vigabatrin . Non-responders were

crossed over to the alternate trial drug while being tapered off the

original study drug over one week. The method of randomisa-

tion was not stated. The assessors interpreting the EEGs and the

psychologists were blinded. Outcomes reported were: cessation of

spasms, resolution of hypsarrhythmia, short-term cognitive out-

comes, language scores, and the evolution of epilepsy and autism.

Baram 1996

This was a randomised single-blinded single-centred trial of 29

patients. Infants with clinical infantile spasms were considered for

the study and underwent 24-hour video-EEG to ascertain hypsar-

rhythmia and clinical spasms. The trial consisted of a two-week

period during which 15 patients were treated with ACTH 150

units/m2/day intramuscularly in two divided doses; and 14 pa-

tients were treated with prednisone 2 mg/kg/day given orally in

two divided doses. A computer-generated random number list de-

termined treatment and concealment of allocation was performed

(confirmed by Dr Baram, direct correspondence). Blinding of re-
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cipients was not done but blinded assessment of outcomes was

performed. Outcomes reported were: cessation of spasms, resolu-

tion of hypsarrhythmia, relapse rates, and development of other

seizure types within the follow-up period.

Chiron 1997

This was a randomised, multicentre trial of 22 patients with in-

fantile spasms all of whom had tuberous sclerosis. Inclusion cri-

teria included: epileptic spasms recorded on EEG or seen by an

experienced clinician, diffuse interictal paroxysmal activity, and

age ranging from one month to two years. Patients were excluded

if they had been previously treated with steroids or vigabatrin but

not other anticonvulsant medications. The trial consisted of a one-

month period during which 11 infants received vigabatrin at a

dose of 150 mg/kg/day; and 11 infants received hydrocortisone at

a dose of 15 mg/kg/day. The method of randomisation was not

stated. Neither recipients nor assessors were blinded. Outcomes

reported were: cessation of spasms, resolution of hypsarrhythmia,

and relapse rates.

Debus 2004

This was a randomised double-blind multicentre trial of 51 pa-

tients. Inclusion criteria included: patients aged between 3 and

18 months with newly diagnosed infantile spasms. The diagno-

sis was confirmed by the presence of hypsarrhythmia or hemi-

hypsarrhythmia on an EEG that had to contain a period of sleep

and wakefulness. Patients were excluded if they: had a history of

epilepsy before the development of infantile spasms unless they

were untreated or had been treated with phenytoin or phenobarbi-

tone; or if they had other ongoing or acute diseases. The trial con-

sisted of a nine day (days one to nine) treatment period with pyri-

doxine for all patients. On days one to three, all patients received

just pyridoxine. From day four of the trial 28 patients received

sulthiame at 5 mg/kg/day in two divided doses, and 23 patients

received placebo. If no response was seen after three days the dose

of the trial drug was doubled for three days. Randomisation was

concealed by sealed envelopes (personal communication). The re-

cipients were blinded, the assessors were not blinded to treatment

allocation. Outcomes reported were: cessation of spasms, resolu-

tion of hypsarrhythmia, and relapse rates.

Dreifuss 1986

This was a randomised multicentre trial of 52 patients. Inclusion

criteria included: patients aged between one and 24 months of

age with infantile spasms documented by a hypsarrhythmic or

modified hypsarrhythmic pattern on EEG. None of the patients

had received steroids or nitrazepam prior to entry into the trial.

The trial consisted of a four-week period during which 27 pa-

tients received nitrazepam and 25 patients ACTH. Nitrazepam

was started at 0.2 mg/kg/day in two divided doses or 1 mg twice

daily, whichever was greater, and was adjusted twice weekly by

increments of 0.3 to 0.4 mg/kg/day. Maintenance dosage ranged

from 4.8 to 9 mg/day. ACTH was given as a once-daily intra-

muscular injection of 40 units. A computer-generated randomi-

sation code determined treatment but concealment of allocation

was not clearly stated. Blinding of recipients was not done, but

blinded assessment of outcome was performed. The only outcome

reported was reduction in spasm frequency. There was a discrep-

ancy between the review authors over the assessment of how many

patients were lost to follow up in this trial; this discrepancy arose

because the authors were unclear in their paper as to how many

patients were lost to follow up. We have been unable to contact

the author in order to clarify this point so it remains unclear as to

the number of patients lost to follow up.

Dyken 1985

This was a randomised, placebo-controlled crossover single-cen-

tre trial of 17 patients. Inclusion criteria included: patients aged

between eight and 83 months of age with a clinical diagnosis of

infantile spasms and hypsarrhythmia on EEG who had previously

failed to respond to steroids. Many patients had received other

anticonvulsant medication. The trial compared sodium valproate

against placebo but the length of the trial and dosages used were

not given. A computer-generated random numbers table was used

to allocate patients but concealment of allocation was not clearly

stated. Blinding of recipients and blinded assessment of outcome

were performed. They only reported reduction in spasm frequency

as an outcome. Four patients were lost to follow up.

Elterman 2001

This was a randomised, multicentre trial of 179 patients. Inclusion

criteria included: patients aged under two years of age but weigh-

ing at least 3.5 kg. Diagnostic criteria included: infantile spasms

and an EEG pattern typical of hypsarrhythmia or modified hyp-

sarrhythmia, or multifocal spike wave discharges, or a video EEG

recording capturing an event confirming the diagnosis of infantile

spasms electroencephalographically. Patients were receiving stable

doses of antiepilepsy medication, if applicable, and were unrespon-

sive to a 50 mg bolus of pyridoxine, where appropriate. Patients

were excluded if they had: received an investigational drug within

30 days of enrollment (one week washout for ganaxolone): been or

were currently taking corticosteroids (brief exposure to low-dose

corticosteroids for inflammatory conditions or replacement ther-

apy was acceptable but required a one-week washout), valproaic

acid; felbamate within 60 days of enrollment; or were receiving

more than two standard antiepilepsy drugs to treat non-infantile

spasm seizures. Patients were also excluded if: they had a treatable

or progressive cause of seizures; current active medical disorders;

there was an inability of the caregiver to reliably record seizures or

recall adverse events; there was poor compliance with medication.

The trial consisted of a two-week period during which patients

received either low-dose vigabatrin 18 to 36 mg/kg/day or high-

dose vigabatrin 100 to 148 mg/kg/day. The dose was based on the

patient’s weight and, in the high-dose group was titrated over the

first seven days of the study. It was given twice daily unless the

total dose was less than 250 mg per day, in which case daily dosing

was permitted. Patients in either group who continued to have

infantile spasms after seven days of the full dose of vigabatrin spec-

ified for their weight could have the dose increased weekly by 25 -
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50mg/kg/day to a maximum dose of 200 mg/kg/day. The method

of randomisation was not stated. The authors stated that this was

a single-blinded study and that the recipients were blinded but

the assessors were not. However the recipients were not blinded

to the dose of vigabatrin given (it was supplied as 500 mg tablets

in open-labeled bottles), and caregivers were simply “masked” as

to whether their children were assigned to the high-dose or low-

dose group. Outcomes reported were: cessation of spasms and by

definition resolution of hypsarrhythmia, and time to cessation of

spasms. A total of 179 patients were randomised: 167 were exposed

to treatment, and results were given for 142 of patients giving a

loss of follow up of 37 patients.

Hrachovy 1983

This was a randomised single-centre trial (using a double-dummy

technique) of 24 patients. Inclusion criteria included: patients

with infantile spasms and hypsarrhythmic EEG patterns on serial

24-hour video and polygraphic monitoring. No patient had been

previously treated with steroids but some had received other anti-

convulsant medications. Twelve patients received ACTH 20 to 30

units/day for two weeks, which was then tapered over one week

if a response was seen. If a response was not seen, they continued

a further four weeks before the dose was tapered. These patients

also received a prednisone placebo. Twelve patients received pred-

nisone, 2 mg/kg/day for two weeks, which was then tapered over

one week if a response was seen. If a response was not seen, they

continued a further four weeks before the dose was tapered. These

patients also received an ACTH gel placebo. The method of ran-

domisation was not given. Blinding of recipients was done but

it was unclear if blinded assessment of outcome was performed.

Outcomes reported were: complete cessation of spasms, and re-

lapse rates.

Hrachovy 1989

This was a randomised trial of 24 patients. Inclusion criteria in-

cluded: newly diagnosed patients with infantile spasms and hypsar-

rhythmic EEGs. The trial consisted of a three-week period during

which 12 patients were treated with methysergide 2 mg/m2/day

for the first seven days, then 5 mg/m2/day for the next 14 days

and 12 patients were treated with alpha-methylparatyrosine 500

mg/m2/day, increasing by 150 mg/m2/day on day two and there-

after until a maximum dosage of 1250 mg/m2/day was reached.

The method of randomisation was not given. It was not clear that

recipients and assessors were blinded. Authors reported: cessation

of spasms, a reduction in the number of spasms, and developmen-

tal status at three weeks as outcome measures.

Hrachovy 1994

This was a randomised controlled trial of 59 patients. Inclusion

criteria included: infants in whom a diagnosis of infantile spasms

had recently been made, who had hypsarrhythmic EEG findings.

They were excluded if they had previously received steroids. Thirty

patients received 150 units/m2 of ACTH per day for three weeks

with a tapering dose over a further nine weeks, and 29 patients

received 20 to 30 units/day of ACTH for two to six weeks, taper-

ing over one week. The method of randomisation was not stated.

Blinding of recipients was not done but blinded assessment of

outcomes was performed. Outcomes reported were: complete ces-

sation of spasms, resolution of hypsarrhythmia, and relapse rates.

They had a loss of follow up of nine patients.

Lux 2004

This was an open, randomised controlled multicentre trial of 107

patients, with follow up reported in a second paper (Lux 2005)

and more prolonged follow up in an abstract (Darke 2005). In-

clusion criteria: were patients between 2 and 12 months of age

with a clinical diagnosis of infantile spasms and a hypsarrhythmic

or similar EEG. Exclusion criteria included: a diagnosis or high

risk of tuberous sclerosis; previous treatment with or a contraindi-

cation to vigabatrin or hormonal treatments; a lethal or poten-

tially lethal disorder other than infantile spasms; inability of par-

ents or guardians to give informed, signed consent or to know

when spasms stop; leaving the UK expected within one month of

randomisation; enrollment in a concurrent trial that either used

treatment that might affect the outcome measures or one that was

labour intensive for participating patients, guardians or medical

practitioners. Fifty-two patients received vigabatrin given orally in

two divided doses, 50mg/kg/day for the first two doses increas-

ing to 100 mg/kg/day and then to 150 mg/kg/day at 96 hours if

no response was seen. Twenty-five patients received tetracosactide

depot given intramuscularly, 0.5 mg (40 IU) on alternate days for

two weeks and increased up to 0.75 mg (60 IU) on alternate days

if no response was seen after one week. Thirty patients received

prednisolone given orally, 10 mg four times daily for two weeks,

increasing to 20 mg three times a day after one week if no response

was seen. Randomisation was concealed by sealed envelopes. Nei-

ther the recipients nor assessors were blinded. Outcomes reported

were: cessation of spasms and resolution of hypsarrhythmia, re-

lapse rates, development at 14 months of age, and seizure rates at

14 months of age. One patient was lost to developmental follow

up.

Vigevano 1997

This was a randomised (response mediated, crossover) single-cen-

tre trial of 42 patients. Inclusion criteria included: patients with

newly diagnosed and previously untreated infantile spasms diag-

nosed according to the ILAE classification. Twenty-three patients

received vigabatrin at 100 to 150 mg/kg/day and 19 received

ACTH at 10 units/day. The method of randomisation was not

stated but direct correspondence with the authors revealed a quasi-

random method (that is, alternate allocation of therapy). Blind-

ing of recipients was not done and it was not clear if the assessors

of outcome were blinded. Outcomes reported were: cessation of

spasms, resolution of hypsarrhythmia, and short-term effects on

subsequent epilepsy rates and cognitive function.

Yanagaki 1999

This was a randomised single-centre trial of 26 patients. Inclusion

criteria included: patients with infantile spasms and hypsarrhyth-

mia on video EEG. Patients were excluded if they had received
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previous steroid or intravenous gamma globulin treatment. Thir-

teen patients received 1 unit/kg/day of synthetic ACTH for two

weeks, tapering over a further two weeks; and 13 patients received

0.2 units/kg/day of synthetic ACTH for two weeks, tapering over

a further two weeks. The method of randomisation was not stated.

It was not clear whether recipients and assessors were blinded.

Outcomes reported were cessation of spasms, resolution of hypsar-

rhythmia, relapse rates, and the short-term effect on development.

One patient was lost to follow up.

Risk of bias in included studies

Overall, methodological quality of the included studies was poor.

All but two of the studies had small numbers of participants, the

largest having 179 (although results were only given for 142 of

these patients) and the second largest having 107 patients. All the

other studies enrolled fewer than 60 patients and subsequently the

power of the majority of studies was low. There were three placebo-

controlled trials (Appleton 1999; Debus 2004; Dyken 1985). One

trial used a double-dummy technique (Hrachovy 1983). Although

all the studies stated that they were RCTs, only five gave the method

of randomisation, and only four stated that concealment of alloca-

tion had been performed. Blinding of recipients occurred in four

studies, did not take place in eight studies, and was unclear in the

remaining studies. Six studies clearly stated that those measuring

outcome were unaware of the assigned therapy. Six studies had

losses to follow up. Six of the studies were multicentre trials, five

studies recruited patients from a single centre, and it was unclear

in the remaining studies how many centres were involved in re-

cruiting patients. Of the 14 RCTs considered in this review, all but

two had a high risk of bias (see Table 1: Methodological quality of

included studies).

Table 1. Methodological quality of included studies

Study ID Number of

patients

Placebo

RCT

Allocation

blinded

Recipients

blinded

Outcome

blinded

Loss of fol-

low up

Multicentre Risk of bias

Appleton

1999

40 yes yes yes yes no yes low

Askalan

2003

9 no not clear no some no no high

Baram 1996 29 no yes no yes none no high

Chiron

1997

22 no not clear no no none yes high

Debus 2004 51 yes yes yes no no yes low
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Table 1. Methodological quality of included studies (Continued)

Dreifuss

1986

52 no not clear no yes yes yes high

Dyken 1985 17 yes not clear yes yes yes no high

Elterman

2001

179 no not clear no no yes yes high

Hrachovy

1983

24 no not clear yes not clear none unclear high

Hrachovy

1989

24 no not clear not clear not clear none unclear high

Hrachovy

1994

59 no not clear no yes yes unclear high

Lux 2004 107 no yes no no yes yes high

Vigevano

1997

42 no not clear no not clear none no high

Yanagaki

1999

26 no not clear not clear not clear yes no high
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Also of importance when interpreting the meta-analyses below,

the results of the longer-term outcomes were complicated by the

fact that infants initially randomised to receive one therapy were

likely to have gone on to receive the comparative or other therapies,

or both, within the follow-up period if they failed to respond to

the first therapy.

Effects of interventions

There were characteristics of the population that may affect out-

come regardless of the treatment (see Table 2: Participants).

The male to female ratio was given for 10 of the studies and was

1.1:1.

The mean age at spasm onset was given in six studies and ranged

from 20 to 31 weeks.

The mean age at which diagnosis of spasms was made was given

for one study and averaged 29.4 weeks.

The mean age at trial entry (that is the age at which the trial

treatment was started) was given in 10 studies and ranged from

15.1 to 41 weeks.

The time delay between onset of spasms and start of treatment

was given in three studies and ranged from 3 to 16 weeks.

In four studies, other treatments had been previously tried; in four

studies other treatments had not been used; and in six studies it

was unclear.

Table 2. Participants

Study ID Intervention Male:Female Age at onset Age at diag-

nosis

Age at trial

entry

Delay to

treatment

Previous

treatment

Appleton

1999

Vigabatrin 11:9 30 weeks not available 35 weeks 6 weeks no

Placebo 8:12 26 weeks not available 35 weeks 7 weeks no

Askalan 2003 ACTH 1:2 not available not available not available not available no

Vigabatrin 3:3 not available not available not available not available no

Baram 1996 ACTH 4:11 not available not available 22 weeks not available not available

Prednisone 8:6 not available not available 32 weeks not available not available

Chiron 1997 Vigabatrin 5:6 25 weeks not available 29 weeks 3 weeks not available

Hydrocorti-

sone

5:6 26 weeks not available 34 weeks 8 weeks not available

Debus 2004 Sulthiame 14:11 (3 un-

clear)

31 weeks 31 weeks 35 weeks 4 weeks yes
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Table 2. Participants (Continued)

Placebo 7:12 (4 un-

clear)

29 weeks 29 weeks 33 weeks 4 weeks yes

Driefuss 1986 Nitrazepam 14:13 not available not available 37 weeks not available not available

ACTH 15:10 not available not available 35 weeks not available not available

Dyken 1985 Valproate not available not available not available not available not available yes

Placebo not available not available not available not available not available yes

Elterman

2001

Vigabatrin

(low dose)

42:33 not available 29.5 weeks 32.9 weeks not available yes

Vigabatrin

(high dose)

29:38 not available 28.1 weeks 31.6 weeks not available yes

Hrachovy

1983

ACTH not available not available not available not available not available not available

Prednisone not available not available not available not available not available not available

Hrachovy

1989

Methysergide not available not available not available not available not available not available

Methylparaty-

rosine

not available not available not available not available not available not available

Hrachovy

1994

ACTH (high-

dose)

not available not available not available not available not available not available

ACTH (low-

dose)

not available not available not available not available not available not available

Lux 2004 Vigabatrin 32:20 22 weeks 26 weeks 26 weeks 4 weeks no

Hormonal 32:23 22 weeks 26 weeks 26 weeks 4 weeks no

Vigevano

1997

Vigabatrin 14:9 25 weeks not available 27 weeks not available no

ACTH 7:12 26 weeks not available not available not available no

Yanagaki

1999

ACTH (high-

dose)

8:5 20 weeks not available 28 weeks 7 weeks yes

ACTH (low-

dose)

7:5 23 weeks not available 41 weeks 16 weeks yes
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We had also planned to look for heterogeneity according to

different diagnostic groupings, for example tuberous sclerosis and

Down’s syndrome; and also looking at whether patients had de-

velopmental delay prior to the onset of spasms. Unfortunately, for

the majority of the studies this information was not available and

could not, therefore, be analysed.

Vigabatrin versus placebo

There was one study (Appleton 1999).

Effects on cessation of spasms: Appleton 1999 had 40 patients and

showed complete cessation of spasms in 7 of 20 (35%) of patients

treated with vigabatrin compared with 2 of 20 (10%) treated with

placebo, Peto OR 4.1 (95% CI 0.9 to 17.5).

Effects on time taken to achieve cessation of spasms were not

reported as an outcome in this study.

Effects on reduction in the number of spasms: Appleton 1999

showed > 70% reduction in spasms in 40% of the group treated

with vigabatrin compared with 15% in the group treated with

placebo. However, it was not clear from the paper to what pro-

portion of the two groups of patients these figures applied, and

whether the figures applied to the whole group or just those pa-

tients in whom complete cessation of spasms was not achieved.

Effects on relapse rates: four out of seven patients who responded

to vigabatrin relapsed and all the patients successfully treated with

placebo relapsed.

Overall only three patients treated with vigabatrin and no patient

treated with placebo remained spasm free within the four-week

study period, Peto OR 8.2 (95% CI 0.8 to 84).

Effects on time taken to relapse were not reported as an outcome

in this study.

Effects on resolution of EEG: five of the seven patients who were

spasm free with vigabatrin showed resolution of EEG, compared

with one of the two patients who had become spasm free on

placebo, Peto OR 2.4 (95% CI 0.1 to 54.6).

Effects on psychomotor development were not reported as an out-

come in this study.

Effects on subsequent seizure rates were not reported as an out-

come in this study.

No side effects severe enough to warrant stopping treatment were

reported in this study.

No deaths were reported.

Sodium valproate versus placebo

There was one study (Dyken 1985).

Effects on cessation of spasms were not reported as an outcome in

this study.

Effects on time taken to achieve cessation of spasms were not

reported as an outcome in this study.

Effects on reduction in the number of spasms: Dyken 1985 used

a spasm index (SI) = (spasm frequency x spasm duration/ total

observation time) x 1000 to calculate the mean reduction in spasm

frequency from baseline. At the end of the four-week treatment

period, the valproate treatment was found to have a lower mean

spasm index than placebo when valproate was administered first (P

< 0.04). There was no significant difference between placebo and

valproate during the second level of treatment. It was not possible

to calculate a Peto OR.

Effects on relapse rates were not reported as an outcome in this

study.

Effects on time taken to relapse were not reported as an outcome

in this study.

Effects on resolution of EEG were not reported as an outcome in

this study.

Effects on psychomotor development were not reported as an out-

come in this study.

Effects on subsequent seizure rates were not reported as an out-

come in this study.

Side effects were not reported as an outcome in this study.

Deaths were not reported as an outcome in this study.

Sulthiame versus placebo

There was one study (Debus 2004).

Effects on cessation of spasms: Debus 2004 found 8 of 28 patients

treated with sulthiame to be spasm free as compared with one of

the 23 patients given placebo, Peto OR 5.13 (95% CI 1.22 to

21.47).

Effects on time taken to cessation of spasms were not reported as

an outcome in this study.

Effects on reduction in the number of spasms were not reported

as an outcome in this study.

Effects on relapse rates were not reported as an outcome in this

study.

Effects on time taken to relapse were not reported as an outcome

in this study.

Effects on resolution of EEG: Debus 2004 stated that 8 of the

28 patients treated with sulthiame had resolution of their EEG as

compared with one of 23 patients given placebo, Peto OR 5.13

(95% CI 1.22 to 21.47).

Effects on psychomotor development were not reported as an out-

come in this study.

14Treatment of infantile spasms (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Effects on subsequent seizure rates were not reported as an out-

come in this study.

Side effects: sulthaime had to be withdrawn in one patient because

of somnolence.

No deaths occured in either group.

Low dose vigabatrin versus high dose vigabatrin

There was one study (Elterman 2001).

Effects on cessation of spasms: 8 of 75 patients treated with low-

dose vigabatrin spasm free as compared with 24 of 67 patients

treated with high-dose vigabatrin, Peto OR 0.24 (95% CI 0.11 to

0.52).

Effects on time taken to achieve cessation of spasms within the

initial two-week study period were not reported as an outcome in

this study.

Effects on reduction in the number of spasms were not reported

as an outcome in this study.

Effects on relapse rates: no responder within the group reported

relapse in the published paper, this information is not available for

the unpublished data.

Effects on time taken to relapse were not reported as an outcome

in this study.

Effects on resolution of EEG: 8 of 75 patients treated with low-

dose vigabatrin had resolution of their EEG compared with 24 of

67 patients treated with high-dose vigabatrin, Peto OR 0.24 (95%

CI 0.11 to 0.52).

Effects on psychomotor development were not reported as an out-

come in this study.

Effects on subsequent seizure rates were not reported as an out-

come in this study.

Side effects: in total vigabatrin had to be stopped in nine patients,

the reasons were not given and the dose given was not stated.

Two deaths were reported in this study; in one patient the cause

could not be determined and in the other it was attributed to haem-

orrhage secondary to congenital pulmonary angiomatosis and was

judged to be unrelated to vigabatrin.

There were two important points to note when assessing the results

of this study. It was unclear from the text but was possible, because

of the dosing regime, that a patient randomised to the low-dose

group could receive a dose as high as 86 mg/kg/day between the

8th and 14th days of the trial period; whilst a patient randomised

to the high-dose might receive a dose of 100 mg/kg/day during

this period of the trial (we still hope to contact the authors of this

study to try and clarify this point). Secondly, there was a large

number of patients lost to follow up in this group, 15 patients in

the low-dose group and 22 in the high-dose group. If the worst

case scenario was taken for those patients lost to follow up, there

might have been 23 (out of 90 patients) responding in the low-

dose group compared with 24 (out of 89 patients) responding in

the high-dose group, that is no difference seen.

Vigabatrin vesus hydrocortisone

There was one study (Chiron 1997), which only considered pa-

tients with tuberous sclerosis.

Effects on cessation of spasms: Chiron 1997 compared vigabatrin

(150 mg/kg/day) and hydrocortisone (15 mg/kg/day) in 22 infants

with infantile spasms due to tuberous sclerosis and found in the

initial phase that 11 of the 11 patients (100%) treated with vigaba-

trin were spasm free as compared to 5 of 11 patients (45%) treated

with hydrocortisone, Peto OR 13.8 (95% CI 2.21 to 86.35).

Effects on time taken to achieve cessation of spasms: on average

the 11 responders to vigabatrin took 4 days (range 0.5 to 14 days,

median 2 days) to achieve complete cessation of spasms; whilst the

5 responders to hydrocortisone took an average of 13 days (range 3

to 30 days, median 23.5 days), weighted mean difference (WMD)

-8.8 (95% CI -19.2 to 1.6).

Effects on reduction in the number of spasms were not reported

as an outcome in this study.

Effects on relapse rates: 10 of the 11 patients who responded to

vigabatrin remained spasm free, this information was not given

for the five responders to hydrocortisone.

Effects on time taken to relapse were not reported as an outcome

in this study.

Effects on resolution of EEG were not reported as an outcome in

this study.

Effects on psychomotor development were not reported as an out-

come in this study.

Effects on subsequent seizure rates weres not reported as an out-

come in this study.

Side effects: hydrocortisone had to be stopped in one patient, no

reason was given.

No deaths were reported in this study.

Vigabatrin versus hormonal treatment (ACTH, tetracosactide,

or high dose prednisolone) excluding hydrocortisone

There were three studies (Askalan 2003; Lux 2004 (and reported

2005); Vigevano 1997).

Effects on cessation of spasms: the Askalan 2003 trial of nine

patients showed that all six of the patients randomised to vigabatrin

had cessation of spasms, as did the three patients randomised to

ACTH. The Lux 2004 trial showed that 28 of the 52 patients

randomised to receive vigabatrin had cessation of their spasms

compared with 40 of the 55 patients randomised to receive either
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tetracosactide or high-dose prednisolone. The Vigevano 1997 trial

of 42 patients showed cessation of spasms in 11 of the 23 patients

randomised to vigabatrin compared with 14 of the 19 patients

randomised to ACTH. Combining these three studies, 45 of the

81 patients randomised to vigabatrin had cessation of their spasms

compared with 57 of the 77 randomised to ACTH, tetracosactide,

or high-dose prednisolone, Peto OR 0.42 (95% CI 0.21 to 0.80).

Effects on time taken to achieve cessation of spasms: Askalan 2003

did not report on this outcome. Lux 2004 reported that the 28

responders to vigabatrin took a median of 11 and a half days

to respond, whilst the 40 responders to tetracosactide or high-

dose prednisolone had a median response time of three days. In

Vigevano 1997 the 11 responders to vigabatrin took between 1

and 14 days to achieve complete cessation of spasms, whilst the

14 responders to ACTH took between 2 and 12 days.

Effects on reduction in the number of spasms was not reported as

an outcome in these three studies.

Effects on relapse rates were not reported as an outcome in Askalan

2003 and Vigevano 1997. Lux 2004 (reported Lux 2005) reported

relapse in 9 out of 28 responders on vigabatrin compared with 18

of 40 responders on tetracosactide or high-dose prednisolone, Peto

OR 0.59 (95% CI 0.22 to 1.57). Overall 19 out of the 52 patients

randomised to receive vigabatrin remained spasm free as compared

with 22 of the 55 patients randomised to recieve tetracosactide or

prenisolone.

Effects on time taken to first relapse were reported using actuarial

curves by Lux 2004 (reported 2005). This outcome was not re-

ported in two studies.

Effects on resolution of EEG: in Askalan 2003 resolution oc-

curred in all six responders to vigabatrin and all three responders to

ACTH. In Lux 2004 resolution occurred in 20 out of 28 respon-

ders to vigabatrin for whom it was measured, compared with 26

out of 32 responders to tetracosactide or high-dose prednisolone

for whom it was measured. For Vigevano 1997, resolution oc-

curred in 4 of 11 patients responding to vigabatrin and 11 of 14

patients responding to ACTH. Combining these three studies,

resolution occurred in 30 out of 45 patients responding to vigaba-

trin and in 40 out of 49 patients responding to ACTH, Peto OR

0.38 (95% CI 0.15 to 0.99).

Effects on psychomotor development: Askalan administered the

Bayley Scales of Infant Development at trial entry and subse-

quently at 3, 12, and 24 months follow up. Lux 2004 (reported Lux

2005) reported that Vineland adaptive behaviour scales (VABS)

were obtained in 101 of 102 survivors (Figure 1) at 14 months of

age. This study reported that there were no significant differences

in the mean composite scores between tetracosactide and high-

dose prednisolone and vigabatrin (78.6 (SD 16.8) versus 77.5 (SD

12.7)); difference 1.0, 95% CI -4.9 to 7.0; t99 = 0.35, P = 0.73).

Mean composite scores were significantly higher in infants with no

identified aetiology than in infants with a known aetiology (83.8

(SD 16.5) versus 73.3 (SD 11.4); difference 10.5, 95% CI 4.9 to

16.1; t97 = 3.74, P = 0.0003). Composite scores were also signifi-

cantly higher in infants who had cessation of spasms than in those

who did not (80.9 (SD 15.0) versus 72.7 (SD 13.4); difference 8.2,

95% CI 2.2 to 14.2; t99 = 2.70, P = 0.008). There were no signifi-

cant differences in composite scores between those with an interval

between onset of spasms and treatment (lead time to treatment)

of less than one month and those with an interval greater than one

month (where this interval was known) for all infants (80.3 (SD

14.9) versus 76.1 (SD 15.1); difference 4.3, 95% CI -2.2 to 10.7;

t89 = 1.32, P = 0.19) and for the subgroup with no identified un-

derlying aetiology (87.4 (SD 16.2) versus 81.9 (SD 16.1); differ-

ence 5.5, 95% CI -5.1 to 16.1; t38 = 1.05, P = 0.30). Analysis of

composite scores using ANOVA showed a significant interaction

between treatment and underlying aetiology (F1,95 = 6.78, P =

0.011). For the subgroup of infants with no identified underlying

aetiology, mean composite scores were higher in infants allocated

hormone treatment than in those allocated vigabatrin (88.2 (SD

17.3) versus 78.9 (SD 14.3); difference 9.3, 95% CI 1.2 to 17.3;

least significant difference test t95 = 2.28, P = 0.025). If the two

infants whose aetiology was not fully investigated were added to

the no identified aetiology group (the sensitivity analysis with most

extreme data against the detected effect), the interaction remained

significant (F1,97 = 5.02, P = 0.027), but the difference between

means was not significant (86.9 (SD 18.1) versus 79.5 (SD 14.3);

difference 7.4, 95% CI -0.7 to 15.4; t97 = 1.82, P = 0.071). The

mean composite score in the group with an identified aetiology did

not differ significantly between treatment groups (hormone 70.8

(SD 11.1) versus vigabatrin 75.9 (SD 11.3); difference 5.0, 95%

CI -2.3 to 12.4; least significance difference test t95 = 1.36, P =

0.18). Vigevano 1997 stated that there was no apparent difference

in cognitive development between the two groups during follow

up, which ranged from 9 to 44 months. They did not state how

they assessed development or quantify it any further. No study

considered long-term developmental status at fove years of age but

the trial reported by Lux 2004,2005 reported the outcome at 4.2

years (Darke et al, Abstract 2005), full details awaited.

Effects on subsequent seizure rates: Askalan 2003 stated that the

ACTH responder and two of the vigabatrin responders subse-

quently developed epilepsy during the two-year follow-up period,

no further information was available. Lux 2004 (reported 2005)

reported seizure rates at 14 months of age. They reported that

in the vigabatrin group seven patients continued to have infan-

tile spasms (no other seizures present) compared with six in the

hormonal group. In the vigabatrin group seven patients were free

of spasms but had other seizures present, compared with 13 in

the hormonal group; and five patients in the vigabatrin group had

both infantile spasms and other seizures present compared with

eight in the hormonal group. None of these comparisons were sta-

tistically significant. Vigevano 1997 found the incidence of other

types of epileptic seizures to be 25% in both groups during follow

16Treatment of infantile spasms (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



up at 9 to 44 months. No study considered subsequent epilepsy

rates at five years of age. Combining these studies: 27 out of 81

patients receiving vigabatrin had seizures at follow up compared

with t33 of 77 patients receiving hormonal treatment, Peto OR

ratio 0.69 (95% CI 0.36 to 1.32).

Side effects: Lux 2004 (and 2005) stopped vigabatrin in two pa-

tients because of drowsiness and vomiting; tetracosactide in one

patient because of a rash; and high-dose prednisolone in one pa-

tient because of irritability, vomiting, and high blood pressure.

Vigevano 1997 stopped vigabatrin in one patient because of exces-

sive irritability, and ACTH in one patient with no reason given.

Deaths: Lux 2004 (and 2005) reported five deaths during follow

up to 14 months of age, three occurred in the vigabatrin group and

two in the hormonal group. One patient in the Vigevano 1997

study died but the cause was not given and it was unclear which

treatment group they had been randomised to.

ACTH versus high-dose prednisolone

There was one study Lux 2004 (nested within the comparison of

vigabatrin with hormonal treatment).

Effects on cessation of spasms: 19 of 25 patients treated with

ACTH (40 to 60 units/alternate days) had cessation of their spasms

compared with 21 of 30 patients treated with prednisolone (40 to

60 mg/day), Peto OR 1.36 (95% CI 0.41 to 4.53).

Effects on time taken to achieve cessation were not reported as an

outcome in this study.

Effects on reduction in the number of spasms were not reported

as an outcome in this study.

Effects on relapse rates were not reported individually for these

two treatments in this study.

Effects on time taken to relapse were not reported as an outcome

in this study.

Effects on resolution of EEG: 16 out of 18 ACTH responders, in

whom it was measured, showed resolution of their EEG compared

with 10 out of 14 of the prednisolone responders, Peto OR 3.20

(95% CI 0.49 to 20.81).

Effects on psychomotor development were not reported individ-

ually for these two treatments in this study.

Effects on subsequent seizure rates were not reported individually

for these two treatments in this study.

Side effects: ACTH was withdrawn in one patient because of a

rash, and prednisolone in one patient because of vomiting.

Deaths: two deaths were reported during follow up to 14 months.

ACTH versus low-dose prednisolone

There were two studies (Baram 1996; Hrachovy 1983).

Effects on cessation of spasms: Baram 1996 compared 15 patients

treated with ACTH (150 units/m2/day) with 14 treated with pred-

nisone (2 mg/kg/day) and showed ACTH to be superior to pred-

nisone: with cessation of spasms in 13 of 15 patients and 4 of

14 patients, respectively. Hrachovy 1983 compared 12 patients

treated with ACTH (20 to 30 units/day) with 12 patients treated

with prednisone (2 mg/kg/day). In the initial phase of the trial 5 of

12 patients treated with ACTH had complete cessation of spasms

compared with 4 of 12 treated with prednisone. Combining these

two studies, ACTH stopped the spasms in 18 of 27 patients com-

pared with prednisone in 8 of 26 patients, Peto OR 4.19 (95% CI

1.42 to 12.35).

Effects on time taken to achieve cessation: in Baram 1996 on

average the 13 responders to ACTH took 3.2 days (range 1 to

7 days, median 2 days) to achieve complete cessation of spasms,

whilst the 4 responders to prednisone took an average of 4 days

(range 2 to 7 days, median 3.5 days), WMD -0.8 (95% CI -3.3

to 1.7).

Effects on reduction in the number of spasms were not reported

as an outcome in these studies.

Effects on relapse rates: for Baram 1996 2 of the 13 patients who

responded to ACTH relapsed and none of the four responders to

prednisone relapsed. For Hrachovy 1983 three of the five patients

who responded to ACTH relapsed and one of the four responders

to prednisone also relapsed.

Overall, for Baram 1996 11 patients who responded to ACTH

remained spasm free and the four responders to prednisone also

remained spasm free. For Hrachovy 1983 two patients successfully

treated with ACTH remained spasm free and three successfully

treated with prednisone also remained spasm free within the study

period. The combined Peto OR for these two studies was 2.6 (95%

CI 0.8 to 8.1).

Effects on time taken to relapse were not reported as an outcome

in these studies.

Effects on resolution of EEG: for Baram 1996, this study showed

resolution of their EEG in 13 of 15 patients treated with ACTH

compared to 4 of 14 patients treated with prednisone, Peto OR

10.10 (95% CI 2.36 to 43.19 ). For Hrachovy 1983 5 of 12

patients treated with ACTH had resolution of their EEG but this

was not reported for the group treated with prednisone.

Effects on psychomotor development were not reported as an out-

come in these studies.

Effects on subsequent seizure rates: Baram 1996 in their study

comparing ACTH with prednisone found seven patients in both

groups to have developed other seizure types over the period of

follow up, two to 48 months. They did not report subsequent

epilepsy rates at five years of age.

Side effects were not reported in these studies.
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Deaths were not reported in these studies.

High-dose ACTH versus low-dose ACTH

There were two studies (Hrachovy 1994; Yanagaki 1999). Hra-

chovy used natural ACTH and Yanagaki used synthetic ACTH.

This made direct comparison difficult. Yanagaki stated that’s the

dose equivalent of 1 IU of natural ACTH is 0.025 IU of synthetic

ACTH. In one study, dose was calculated on a body weight basis

and in the other on surface area. The results must be interpreted

with caution.

Effects on cessation of spasms: Hrachovy 1994 randomised 30

patients to high-dose ACTH (150 units/m2/day for three weeks

with a tapering dose over a further nine weeks), and 29 patients

to low-dose ACTH (20 to 30 units/day for two to six weeks,

tapering over one week). Of the 30 patients treated with high-

dose therapy 13 had complete cessation of spasms, and of the 29

patients treated with low-dose therapy 14 had complete cessation

of spasms. Yanagaki 1999 randomised 13 patients to receive 1

unit /kg/day (equivalent to 40 units/kg/day of natural ACTH) for

two weeks tapering over a further two weeks, and 13 patients to

receive 0.2 units/kg/day (equivalent to 8 units/kg/day of natural

ACTH) for two weeks tapering over a further two weeks. Of the

patients treated with high-dose ACTH, spasm cessation occurred

in 11 of 13 patients compared with 9 of 13 treated with low-dose

ACTH. Combining these two studies, high-dose ACTH stopped

the spasms in 79.5% patients compared with 76.5% of patients

with low-dose ACTH , Peto OR 1.1 (95% CI 0.4 to 2.6).

Effects on time taken to achieve cessation of spasms were not

reported as an outcome in these studies.

Effects on reduction in the number of spasms were not considered

as an outcome in these studies.

Effects on relapse rates: in Hrachovy 1994, 2 of the 13 patients who

responded to high-dose ACTH relapsed and 2 of the 14 patients

who responded to low-dose ACTH also relapsed. In Yanagaki 1999

3 of the 11 patients who responded to high-dose ACTH relapsed

and three of the nine responders to low-dose ACTH relapsed.

Hrachovy 1994 reported that 11 patients who responded to high-

dose ACTH remained spasm free and 12 patients who responded

to low-dose ACTH also remained spasm free. In Yanagaki 1999

eight patients who responded to high-dose ACTH remained spasm

free and six patients who responded to low-dose ACTH remained

spasm free. Combining these two studies gives a Peto OR of 0.8

(95% CI 0.3 to 1.9).

Effects on time taken to relapse were not reported in these studies.

Effects on resolution of the EEG: in Hrachovy 1994 3 out of 13

responders to high-dose ACTH showed resolution of their EEG

and 3 out of 14 responders to low-dose ACTH showed resolution

of their EEG. Yanagaki 1999 reported that 8 out of 13 treated with

high-dose ACTH showed resolution of their EEG and 7 out of

12 treated with low-dose ACTH showed resolution of their EEG.

Combining these two studies gave a Peto OR of 1.9 (95% CI 0.6

to 6.2).

Effects on psychomotor development: Yanagaki 1999 in their

study compared high-dose ACTH with low-dose ACTH and used

the Japanese Tumor scale to evaluate developmental status at entry

into the trial and also in 17 responders who were followed up for

more that one year. They found no significant difference in devel-

opmental quotient between the two groups at the end of the fol-

low-up period. However, they only considered psychomotor de-

velopment in the responders, which gives rise to biased analysis,

and this should be interpreted with caution. They did not consider

long-term developmental status at five years of age.

Effects on subsequent seizure rates were not reported as an out-

come in these studies.

Side effects were not reported as an outcome in these studies.

No deaths were reported in these studies.

Nitrazepam versus ACTH

There was one study (Dreifuss 1986).

Effects on cessation of spasms were not reported as an outcome in

this study.

Effects on time taken to achieve cessation of spasms were not

reported as an outcome in this study.

Effects on reduction in the number of spasms: Dreifuss 1986

showed > 50% reduction in spasms in 66% of the group treated

with nitrazepam compared with 50% in the group treated with

ACTH, Peto OR 2.0 (95% CI 0.7 to 5.9).

Effects on relapse rates were not reported as an outcome in this

study.

Effects on time taken to relapse were not reported as an outcome

in this study.

Effects on resolution of EEG were not reported as an outcome in

this study.

Effects on psychomotor development were not reported as an out-

come in this study.

Effects on subsequent seizure rates were not reported as an out-

come in this study.

Side effects: Dreifuss 1986 had to withdraw six patients receiving

ACTH, hypertension and meleana were given as two causes for

withdrawal.

Deaths: one patient in the ACTH group died but no cause was

found at autopsy.

Methysergide versus alpha-methylparatyrosine

There was one study (Hrachovy 1989).
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Effects on cessation of spasms: Hrachovy 1989 found only one

patient (8%) treated with methysergide and two (16%) treated

with alpha-methylparatyrosine responded to therapy, Peto OR 0.5

(95% CI 0.1 to 5.2).

Effects on time taken to achieve cessation of spasms were not

reported as an outcome in this study.

Effects on reduction in the number of spasms: Hrachovy 1989

showed a > 50% reduction in spasms in 25% of the group treated

with methysergide compared with 17% in the group treated with

alpha-methylparatyrosine, Peto OR 1.6 (95% CI 0.2 to 11.2).

Effects on relapse rates: no patient treated with methysergide re-

mained spasm free and only one of the two patients successfully

treated with alpha-methylparatyrosine remained spasm free, Peto

OR 0.14 (95% CI 0.0 to 6.8).

Effects on time taken to relapse were not reported as an outcome

in this study.

Effects on resolution of EEG were not reported as an outcome in

this study.

Effects on psychomotor development: Hrachovy 1989 used the

Denver Developmental Screening Test to evaluate developmental

status at entry into the trial and at three weeks post entry. They

stated, in their results section, that two patients in each group

showed developmental improvement but did not quantify this

further. They did not report developmental status at three months

post entry or at five years of age.

Effects on subsequent seizure rates were not reported as an out-

come in this study.

No side effects severe enough to warrant stopping treatment were

reported in this study.

No deaths were reported in this study.

D I S C U S S I O N

Infantile spasms were first described in 1841 in a letter that Dr

West wrote to the Lancet. Since that time at least 30 drugs have

been tried and reported in the literature, but treatment remains

problematic because of the variable availability of the treatments,

their adverse reactions, incomplete response rates and the long-

term prognosis which remains poor for both psychomotor devel-

opment and subsequent development of other seizure types.

Despite the wealth of literature on this subject the majority of

studies have been either open prospective or retrospective trials.

Most of the RCTs that have been undertaken contain only small

numbers of participants with the result that individually they have

little power. In addition, studies have used widely varying treat-

ments, dosage regimes and outcome measures, making meta-anal-

ysis difficult to perform. We found no RCTs comparing therapies

such as pyridoxine that are first-line therapies in some countries

including Japan. Some therapies (for example gamma-globulins,

pyridoxine, lamotrigine and topiramate) have been reported in

case reports or in uncontrolled trials. In addition, many different

preparations have been used. This is partly due to the availabil-

ity of different compounds in different countries. In Europe and

Japan synthetic ACTH may be available, whilst in the USA natural

ACTH derivatives may be used. Vigabatrin is not licensed for use

in the USA or in Japan. ACTH can only be given as an injection

(intramuscularly, intravenously or into the peritoneal cavity). In-

fants find injections distressing and many centres use oral prepa-

rations (usually prednisone) in preference. This makes analysis of

the efficacy of individual ’steroid’ preparations difficult.

Despite an extensive literature search we found only 14 RCTs and

the overall reported methodology was poor. Only two studies had

considered the number of patients required to determine whether

one treatment was more efficacious than another. One study based

their calculations on the assumption that the trial drug would be

50% more efficacious in stopping the spasms than the compar-

ative drug (their trial did not find such a difference). The other

study based their calculations on the assumption that 250 infants

would be required to give 90% power for finding a 20% difference

between the two treatment groups. They were able to recruit 107

infants, giving nearly 80% power to see the reported difference of

23%.

Although all the studies claimed to be randomised, less than half

stated how randomisation had been performed and only four stud-

ies reported adequate concealment of randomisation. Ideally, to

minimise performance bias, trials should be double-blinded al-

though perhaps it is not surprising that only two such trials have

been performed. Blinding the recipients (or parents) and staff ad-

ministering the therapies remains problematic. ACTH can only

be given by intramuscular injection, whilst the other drugs used

in the included RCTs are administered orally; nowadays it is gen-

erally considered to be unethical to administer placebo intramus-

cular injections to young infants. In addition, many of the side

effects of steroids are common and easily recognised, for example

weight gain and hypertension, making blinding difficult.

Some would also argue that it is possible that the spasms are

causally linked to the development of severe learning difficulties.

There is an hypothesis that the earlier the spasms are brought un-

der control the better the developmental outcome. Thus delaying

treatment for long or administering a placebo might be consid-

ered unethical. Finally six studies stated that they had lost patients

to follow up. Not all the remaining studies clearly stated that all

patients entered into the trials had been successfully followed up

for the duration of the study. We had planned to look for possible

sources of clinical heterogeneity between the studies, for example
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sex, age at spasm onset, age at trial entry, delay to treatment and

whether or not participants had received previous treatment. Un-

fortunately this information was often not available and would

require complex analysis in order to be able to draw any conclu-

sions. However, it is possible that some of these sources of hetero-

geneity are important in determining the outcome. For example,

the study by Baram 1996 found ACTH to be more efficacious

than prednisolone but had three times as many girls than boys in

the ACTH group and roughly equal numbers in the prednisone

group. It is possible, therefore, that if girls have a better outcome

than boys this may have contributed to the differences seen in the

response between the two groups.

When developing our protocol we tried to provide definitions for

terms such as infantile spasms, cessation of spasms, relapse etc.

We had planned to establish whether different definitions used by

authors for infantile spasms might affect which participants would

be included into a trial, thereby affecting outcome. It became clear

from our review of the literature that few authors clearly defined

the term infantile spasms. It was clear that some trials using entry

criteria that defined the need for hypsarrhythmia in fact entered

infants who did not meet this criterion. Some of these issues have

now been considered by an expert group using Delphi method-

ology to avoid bias (Lux 2004b). No consensus was obtained on

a definition of hypsarrhythmia but other recommendations will

be incorporated in our next update. This will require a revised

protocol.

The inclusion and exclusion criteria varied and some studies ex-

cluded infants with other seizure types. This is likely to impact on

the outcome. For the purpose of this review we accepted that any

RCT stating that their participants had infantile spasms would be

included, with or without other seizure types.

The exact relationship between clinical spasms and typical or even

modified (or atypical) hypsarrhythmia on the EEG is not clear. Not

all infants with clinical evidence of infantile spasms are reported

to have hypsarrhythmia. For those in whom it is present, it is not

always present all of the time. It is not known whether the presence

or absence of hypsarrhythmia affects long-term outcomes. Again

we had hoped that collecting and combining data from the studies

might help clarify these areas of uncertainty. Unfortunately few

studies contained sufficient data to draw any conclusions. Neither

will meta-analysis be reliable until hypsarrhythmia is reliably de-

fined.

Infantile spasms are associated with a poor long-term prognosis.

The majority of affected infants will also have severe learning dif-

ficulties, with high cost implications not only to the patients and

the families and their quality of life, but also for health services.

Therefore, if any one treatment was proven to improve long-term

psychomotor development and to reduce the risk of further seizure

types then it would probably be considered to be more efficacious

than other treatments, regardless of the effect on the spasms them-

selves or the EEG features. Although with time the spasms will

resolve, many patients continue to have other forms of epilepsy

into adult life and about one fifth will progress to Lennox Gas-

taut syndrome (Beaumanoir 1992). These patients will, therefore,

require anticonvulsants and will continue to suffer the effects of

epilepsy, often for life. There is very little information on develop-

mental outcome, the most important information coming from

Lux 2004 and Lux 2005. This suggests that early control of spasms

might improve development in those with no proven underlying

aetiology, but the finding is not robust and longer-term follow up

is awaited. The effect of time from onset of spasms to the start of

treatment has not been reported, except in Lux 2005 where there

was no reported difference between less than one month and more

than one month. There is little information on subsequent seizure

rates but the information available suggests that this may not be

influenced by treatment.

The spasms themselves are certainly distressing to parents and car-

ers. It is possible that they are also distressing to the infant as

many cry immediately following a spasm or appear to be in pain

and distressed. The long-term benefits of different therapies re-

main uncertain and need more research. Two studies have shown

that placebo is not as good as active treatment in resolving the

spasms. The strongest evidence we found suggests that hormonal

treatment leads to resolution of spasms faster and in more infants

than vigabatrin. Response without subsequent relapse may be no

different but if child development might be better following hor-

monal treatment then this might make hormonal treatments more

attractive. More information and further research is required. We

found no other RCTs comparing other forms of therapies, such

as sodium valproate, benzodiazepines, pyridoxine or phenobarbi-

tone, in terms of cessation of spasms. Although four studies did

consider reduction in the number of spasms, it is no longer clear

to us that a reduction in spasms is of any real benefit to a patient.

Complete control of spasms has to be the main objective.

One small study that looked at patients with infantile spasms and

an underlying diagnosis of tuberous sclerosis found vigabatrin to

be more efficacious than hydrocortisone in stopping the spasms

in this group of patients, a finding also found in some open stud-

ies (Hancock 1999). One other study (Elterman 2001) also sug-

gested that vigabatrin was more effective in stopping the spasms

in patients with tuberous sclerosis as compared with those pa-

tients without a diagnosis of tuberous sclerosis. However, in pa-

tients without a diagnosis of tuberous sclerosis the best available

therapy remains unclear. One study undertaken excluded patients

with either a known diagnosis of tuberous sclerosis or a high risk

of having tuberous sclerosis and suggested that hormonal treat-

ment (tetracosactide or prednisolone) might be more efficacious

in patients who do not have an underlying diagnosis of tuberous

sclerosis. No study has looked specifically at any other subgroup(s)

of patients.
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Some open, prospective studies have suggested that vigabatrin

might control spasms more quickly than steroids. Five RCTs con-

sidered the time taken to cessation of spasms. Two small studies

showed no difference between vigabatrin and a hormonal treat-

ment but one study found hormonal treatments to be quicker at

resolving spasms than vigabatrin. This finding would be supported

by the speed of response to hormonal treatment found by Baram.

When we developed our protocol for this review we also decided

to look at relapse rates as it was felt that this would be a useful

outcome for clinicians. One treatment may be more efficacious

in stopping the spasms in the short term, but if the majority of

those patients subsequently relapse then another treatment with a

lower but more sustained success rate might be considered more

beneficial. When developing our analysis plan it was decided that

we would analyse this as dichotomous data. However, when we

came to extract and analyse these data from the trials it became ap-

parent that they are censored data, that is, not all patients entered

into a trial would be eligible for this outcome; only those in whom

the spasms stopped could potentially relapse. We have, therefore,

attempted to clarify this by also reporting how many patients re-

mained spasm free, that is never relapsed (an outcome for which all

participants entered into any one trial were eligible). However, we

feel that a more appropriate method of analysis would be to look

at survival curves and we will consider this as a more appropriate

method of analysis in future updates of this review if individual

patient data are available.

We had also planned to look at subgroup analysis by aetiological

subgroup and by clinical features but unfortunately, because of

the small number of trials and of patients and a lack of detail,

this was not possible. It was possible to consider patients with an

underlying diagnosis of tuberous sclerosis as a subgroup in only

two studies. One underpowered study (Chiron 1997) showed vi-

gabatrin to be more efficacious than hydrocortisone in stopping

the spasms in this group of patients. All their patients treated

with vigabatrin had complete cessation of spasms and only one

patient relapsed within the study period. However, the numbers

were small with only eleven patients in each group and these re-

sults should be treated with caution, even though this result mim-

ics the findings of open studies. Further trials are required with

larger numbers of patients to confirm (or refute) the findings of

this study. The second study (Elterman 2001) found that 52% of

their 25 patients with tuberous sclerosis responded to vigabatrin

within two weeks of treatment compared with 16% of the 117

patients without tuberous sclerosis. They stated that within three

months, all patients with tuberous sclerosis who continued with

vigabatrin were free of infantile spasms, however two patients had

been withdrawn from vigabatrin at this point, at least one because

of lack of efficacy. These patients might also have received other

treatments by three months. It is not clear, therefore, that vigaba-

trin was responsible for the cessation of their spasms.

Side effects (adverse reactions) must always be taken into account.

Any drug with unacceptable side effects will not be used in clini-

cal practice. Likewise if two drugs show similar beneficial effects

then the one with the safer drug profile should be used in prefer-

ence. Within these studies few side effects or deaths were reported.

However, both steroids and vigabatrin have potentially serious side

effects. The problem with steroids are potentially life-threatening

problems including depression of the immune system and mod-

ified response to infection leading to overwhelming sepsis. Less

serious side effects, for example hypertension, are often transient

but nevertheless have the potential to cause morbidity. Minor side

effects, estimated to occur in two thirds of patients, include be-

havioural changes especially irritability, changes in appetite, weight

gain and alteration in sleep patterns. In addition, some forms of

steroids (for example ACTH) involve daily or alternate day in-

tramuscular injections. However, there have been reports of both

asymptomatic and symptomatic visual field defects with loss of

peripheral vision to varying degrees in adults and children treated

with vigabatrin. This appears to occur most commonly in patients

who have been treated with vigabatrin for more than six months;

it does not appear to be reversible on withdrawing the vigabatrin.

The main difficulty in infants is that they cannot be tested or mon-

itored for visual field defects (a child needs to be at least 11 years

old to be able to co-operate and complete a reliable test). However,

on balance the devastating effects of infantile spasms and the poor

response rate on placebo suggest that the risks of developing the

severe side effects of these therapies is less important than the risk

of not using the therapies.

The overwhelming conclusion is that more studies are required on

this disorder, in particular studies which report long-term devel-

opmental and epilepsy outcomes.

A U T H O R S ’ C O N C L U S I O N S
Implications for practice

Hormonal treatment (prednisone, tetrocosactide and ACTH) re-

solve spasms faster than vigabatrin and in more infants, but it

is not yet clear if this will result in better long-term outcomes.

Hormonal treatment might improve development in those with

no proven underlying neurological disease but the evidence is not

robust. It is important to note that if prednisone or vigabatrin

are used then high dosage is recommended. The optimum dose

of ACTH ( or tetracosactide) is not yet known. Vigabatrin may

be the treatment of choice in tuberous sclerosis. Other treatments

can not be recommended on the basis of the evidence reviewed.

There is no evidence from RCTs that it is necessary to treat the

EEG features rather than the spasms. A clear statement on the

optimum treatment for infantile spasms requires further research.

Until this is available, other factors (in particular underlying aeti-

ology and adverse reactions) will influence parents and clinicians

about individual treatment.
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Implications for research

Further trials are needed with good methodology, standardised and

valid outcome measures, larger numbers of participants, and de-

tailed reporting including underlying other neurological diseases,

gender, time to treatment, time to reponse, EEG outcome, deaths,

epilepsy outcome, and development. Adverse reactions need to be

fully reported. Long-term follow up of development is essential.

As stated previously infantile spasms are a relatively rare disorder,

so that in order to be able to recruit large numbers of patients

into randomised controlled trials, continuing multicentre collab-

oration is required.

A C K N O W L E D G E M E N T S

Bath Unit for Research in Paediatrics

Cow and Gate

The Tuberous Sclerosis Association
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Appleton 1999

Methods RCT

Participants 40 participants with a clinical definition of infantile spasms and classical or modified hypsarrhythmia on

EEG

Interventions Vigabatrin

Placebo

Outcomes (1) Cessation of spasms

(2) Reduction in spasms

(3) Relapse rate

(4) Resolution of EEG

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Askalan 2003

Methods RCT

Participants 9 participants with a clinical definition of infantile spasms and video-EEG with hypsarryhthmia

Interventions ACTH

Vigabatrin

Outcomes (1) Cessation of spasms

(2) Resolution of EEG

(3) Cognitive outcomes - short term

(4) language scores

(5) evolution of epilepsy and autism

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Baram 1996

Methods RCT

Participants 29 participants with a diagnosis of infantile spasms confirmed by hypsarrhythmia on video-EEG

Interventions ACTH

Prednisone

Outcomes (1) Cessation of spasms

(2) Relapse rates

(3) Resolution of EEG

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Chiron 1997

Methods RCT

Participants 22 participants with a clinical diagnosis of infantile spasms or epileptic spasms or diffuse interictal activity

on EEG

Interventions Vigabatrin

Hydrocortisone

Outcomes (1) Cessation of spasms

(2) Relapse rates

(3) Resolution of EEG

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Debus 2004

Methods RCT

Participants 51 participants with a clinical diagnosis of infantile spasms and hypsarrhythmia on EEG
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Debus 2004 (Continued)

Interventions Sulthiame

Placebo

Outcomes (1) Cessation of spasms

(2) Resolution of EEG

(3) Relapse rates

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Dreifuss 1986

Methods RCT

Participants 52 participants with a diagnosis of hypsarrhythmia or modified hypsarrhythmia on EEG

Interventions ACTH

Nitrazepam

Outcomes Reduction in seizures

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Dyken 1985

Methods RCT

Participants 17 participants with a clinical definition of infantile spasms and hypsarrhythmia on EEG

Interventions Valproate

Placebo

Outcomes Reduction in spasms

Notes
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Dyken 1985 (Continued)

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Elterman 2001

Methods RCT

Participants 179 participants with a clinical diagnoisis of infantile spasms and hypsarrhythmia, modified hypsarrhyth-

mia or multifocal spike wave discharges on EEG

Interventions Low-dose vigabatrin

High-dose Vigabatrin

Outcomes (1) Cessation of spasms

(2) Time to cessation of spasms

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Hrachovy 1983

Methods RCT

Participants 24 participants with a clinical definition of infantile spasms and hypsarrhythmia on EEG

Interventions ACTH

Prednisone

Outcomes Cessation of spasms

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Hrachovy 1989

Methods RCT

Participants 24 participants with a clinical definition of infantile spasms and hypsarrhythmia on EEG

Interventions Methysergide

Alpha-methylparatyrosine

Outcomes (1) Cessation of spasms

(2) Reduction in spasms

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Hrachovy 1994

Methods RCT

Participants 59 participantts with a clinical definition of infantile spasms and hyparrhythmia on EEG

Interventions ACTH high dose

ACTH low dose

Outcomes (1) Cessation of spasms

(2) Relapse rates

(3) Resolution of EEG

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Lux 2004

Methods RCT

Participants 107 participants with a clinical definition of infantile spasms and hypsarrhythmia on EEG

Interventions Vigabatrin

Hormonal treatment
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Lux 2004 (Continued)

Outcomes (1) cessation of spasms

(2) resolution of EEG

(3) Relapse rates

(4) Development 14 months

(5) seizure rates

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Vigevano 1997

Methods RCT

Participants 42 participants with a diagnosis according to the ILAE classification

Interventions Vigabatrin

ACTH

Outcomes (1) Cessation of spasms

(2) Relapse rates

(3) Subsequent epilepsy rates

(4) Resolution of hypsarrhythmia

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Yanagaki 1999

Methods RCT

Participants 26 participants with a diagnosis confirmed by hypsarrhythmia on video-EEG

Interventions ACTH high dose

ACTH low dose
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Yanagaki 1999 (Continued)

Outcomes (1) Cessation of spasms

(2) Relapse rates

(3) Resolution of hypsarrhythmia.

(4) Developmental outcom

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

EEG: electroencephalogram

RCT: randomised controlled trial

Characteristics of excluded studies [ordered by study ID]

Al Ajlouni 2005 Not an RCT

Albsoul-Younes 2004 Not an RCT

Appleton 1993 Not an RCT

Arvio 2005 Not an RCT

Azam 2005 Not an RCT

Bachman 1982 Not an RCT

Bensch 1977 Not infantile spasms

Besag 2004 Not an RCT

Bingel 2003 Not an RCT

Blennow 1986 Not an RCT

Bobele 1994 Not an RCT

Boel 2004 Not an RCT

Brodie 1996 Not an RCT

Browne 1978 Not an RCT
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(Continued)

Buoni 2004 Not an RCT

Chamberlain 1996 Not an RCT

Chevrie 1984 Not an RCT

Connelly 1993 Not an RCT

Debus 2002 Not an RCT

Duncan 2002 Not an RCT

Duse 1996 Not an RCT

Francois 2003 Not an RCT

Gibbs 1965 Not an RCT

Glauser 2002 Not an RCT

Glaze 1985 Not an RCT

Glaze 1986 Only considered changes on CT as an outcome measure

Grosso 2005 Not an RCT

Haines 1994 Not an RCT

Hosain 2006 Not an RCT

Hrachovy 1979 Not an RCT

Inanaga 1989 Not infantile spasms

Ishii 2002 Not an RCT

Klein 1970 Not an RCT

Li 2004 Not an RCT

Lombroso 1983 Not an RCT

Lortie 1997 Not an RCT

Lotze 2004 Not an RCT

Luna 1989 Not infantile spasms

Mackay 2004 Not an RCT
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(Continued)

Matsumoto 1987 Not an RCT

Mikaeloff 2003 Not an RCT

Mikati 2002 Not an RCT

Mimaki 1998 Not an RCT

Mumford 1989 Not an RCT

Mumford 1994 Not an RCT

Nabbout 2003 Not an RCT

Nolte 1988 Not an RCT

O’Donohoe 1977 Not an RCT

Oguni 2006 Not an RCT

Ohtahara 2006 Not an RCT

Oka 2004 Not an RCT

Pietz 1993 Not an RCT

Ramsay 1984 Not an RCT

Scher 2003 Not an RCT

Schlanger 2002 Not an RCT

Schlumberger 1994 Not an RCT

Suzuki 1996 Not an RCT

Suzuki 2002 Not an RCT

Tada 1991 Not an RCT

Trevanthan Not an RCT

Trompetter 1977 Not infantile spasms

Vassella 1973 Not an RCT

Veggiotti 1994 Not an RCT

Wallace 1995 Not an RCT
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(Continued)

Weinmann 1967 Not an RCT

Willig 1980 Not an RCT

Wohlrab 1998 Not an RCT

Yagi 2004 Not an RCT

Yamamoto 1998 Not an RCT

Yamauchi 2004 Not an RCT

Zafeiriou 1996 Not an RCT

RCT: randomised controlled trial

Characteristics of ongoing studies [ordered by study ID]

ICISS

Trial name or title International Collaboration Infantile Spasms Study

Methods

Participants Infants with a diagnosis of infantile spasms

Interventions Vigabatrin

High-dose prednisolone

Tetracosactide

Outcomes Cessation of spasms

Long-term development

Long-term seizures

Starting date May 2007

Contact information Prof J P Osborne

Royal United Hospital

Bath

UK

Notes
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ISRCTN 36757519

Trial name or title

Methods

Participants

Interventions

Outcomes

Starting date

Contact information

Notes

ISRCTN Surgery/AEDs

Trial name or title

Methods

Participants

Interventions

Outcomes

Starting date

Contact information

Notes

EEG: electroencephalogram
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D A T A A N D A N A L Y S E S

Comparison 1. Vigabatrin versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of spasms 1 40 Peto Odds Ratio (Peto, Fixed, 95% CI) 4.05 [0.93, 17.52]

2 Resolution of hypsarrhythmia 1 9 Peto Odds Ratio (Peto, Fixed, 95% CI) 2.36 [0.10, 54.60]

3 Relapse rates - number of

patients who remain spasm free

1 40 Peto Odds Ratio (Peto, Fixed, 95% CI) 8.23 [0.81, 84.07]

Comparison 2. Vigabatrin versus hydrocortisone

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of spasms 1 22 Peto Odds Ratio (Peto, Fixed, 95% CI) 13.80 [2.21, 86.35]

2 Time taken to cessation of

spasms

1 16 Mean Difference (IV, Fixed, 95% CI) -8.8 [-19.22, 1.62]

Comparison 3. ACTH versus low-dose prednisone

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of spasms 2 53 Peto Odds Ratio (Peto, Fixed, 95% CI) 4.19 [1.42, 12.34]

2 Time taken to cessation of

spasms

1 17 Mean Difference (IV, Fixed, 95% CI) -0.80 [-3.29, 1.69]

3 Relapse rates - number of

patients who remain spasm free

2 53 Peto Odds Ratio (Peto, Fixed, 95% CI) 2.57 [0.81, 8.11]

4 Resolution of hypsarrhythmia 1 29 Peto Odds Ratio (Peto, Fixed, 95% CI) 10.10 [2.36, 43.19]
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Comparison 4. High-dose ACTH versus low-dose ACTH

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of spasms 2 85 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.06 [0.44, 2.56]

2 Relapse rates - number of

patients who remain spasm free

2 85 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.79 [0.33, 1.88]

3 Resolution of hypsarrhythmia 2 52 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.94 [0.60, 6.20]

Comparison 5. Nitrazepam versus ACTH

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Reduction in spasms 1 51 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.96 [0.65, 5.93]

Comparison 6. Methysergide versus methylparatyrosine

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of spasms 1 24 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.48 [0.05, 5.15]

2 Reduction in spasms 1 24 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.62 [0.24, 11.17]

3 Relapse rates - number of

patients who remain spasm free

1 24 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.14 [0.00, 6.82]

Comparison 7. Low-dose vigabatrin versus high-dose vigabatrin

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of spasms 1 142 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.24 [0.11, 0.52]

2 Resolution of EEG 1 142 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.24 [0.11, 0.52]
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Comparison 8. Sulthiame versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of spasms 1 51 Peto Odds Ratio (Peto, Fixed, 95% CI) 5.13 [1.22, 21.47]

2 resolution of EEG 1 51 Peto Odds Ratio (Peto, Fixed, 95% CI) 5.13 [1.22, 21.47]

Comparison 9. Vigabatrin versus hormonal treatment

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of spasms 3 158 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.42 [0.21, 0.80]

2 Resolution of EEG 3 94 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.38 [0.15, 0.99]

3 Seizures at follow-up 3 158 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.69 [0.36, 1.32]

Comparison 10. ACTH versus high-dose prednisone

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Cessation of infantile spasms 1 55 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.35 [0.41, 4.38]

2 Resolution of EEG 1 32 Peto Odds Ratio (Peto, Fixed, 95% CI) 3.04 [0.52, 17.66]

Analysis 1.1. Comparison 1 Vigabatrin versus placebo, Outcome 1 Cessation of spasms.

Review: Treatment of infantile spasms

Comparison: 1 Vigabatrin versus placebo

Outcome: 1 Cessation of spasms

Study or subgroup Vigabatrin Placebo Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Appleton 1999 7/20 2/20 100.0 % 4.05 [ 0.93, 17.52 ]

Total (95% CI) 20 20 100.0 % 4.05 [ 0.93, 17.52 ]

Total events: 7 (Vigabatrin), 2 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 1.87 (P = 0.062)

0.05 0.2 1 5 20

Vigabatrin Placebo
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Analysis 1.2. Comparison 1 Vigabatrin versus placebo, Outcome 2 Resolution of hypsarrhythmia.

Review: Treatment of infantile spasms

Comparison: 1 Vigabatrin versus placebo

Outcome: 2 Resolution of hypsarrhythmia

Study or subgroup Vigabatrin Placebo Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Appleton 1999 5/7 1/2 100.0 % 2.36 [ 0.10, 54.60 ]

Total (95% CI) 7 2 100.0 % 2.36 [ 0.10, 54.60 ]

Total events: 5 (Vigabatrin), 1 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 0.53 (P = 0.59)

0.02 0.1 1 10 50

Vigabatrin Placebo

Analysis 1.3. Comparison 1 Vigabatrin versus placebo, Outcome 3 Relapse rates - number of patients who

remain spasm free.

Review: Treatment of infantile spasms

Comparison: 1 Vigabatrin versus placebo

Outcome: 3 Relapse rates - number of patients who remain spasm free

Study or subgroup Vigabtrin Placebo Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Appleton 1999 3/20 0/20 100.0 % 8.23 [ 0.81, 84.07 ]

Total (95% CI) 20 20 100.0 % 8.23 [ 0.81, 84.07 ]

Total events: 3 (Vigabtrin), 0 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 1.78 (P = 0.075)

0.02 0.1 1 10 50

Vigabatrin Placebo
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Analysis 2.1. Comparison 2 Vigabatrin versus hydrocortisone, Outcome 1 Cessation of spasms.

Review: Treatment of infantile spasms

Comparison: 2 Vigabatrin versus hydrocortisone

Outcome: 1 Cessation of spasms

Study or subgroup Vigabatrin Hydrocortisone Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Chiron 1997 11/11 5/11 100.0 % 13.80 [ 2.21, 86.35 ]

Total (95% CI) 11 11 100.0 % 13.80 [ 2.21, 86.35 ]

Total events: 11 (Vigabatrin), 5 (Hydrocortisone)

Heterogeneity: not applicable

Test for overall effect: Z = 2.81 (P = 0.0050)

0.01 0.1 1 10 100

Vigabatrin hydrocortisone

Analysis 2.2. Comparison 2 Vigabatrin versus hydrocortisone, Outcome 2 Time taken to cessation of

spasms.

Review: Treatment of infantile spasms

Comparison: 2 Vigabatrin versus hydrocortisone

Outcome: 2 Time taken to cessation of spasms

Study or subgroup Vigabatrin Hydrocrtisone Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Chiron 1997 11 4 (5) 5 12.8 (11.4) 100.0 % -8.80 [ -19.22, 1.62 ]

Total (95% CI) 11 5 100.0 % -8.80 [ -19.22, 1.62 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.66 (P = 0.098)

-20 -10 0 10 20

Vigabatrin Hydrocortisone
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Analysis 3.1. Comparison 3 ACTH versus low-dose prednisone, Outcome 1 Cessation of spasms.

Review: Treatment of infantile spasms

Comparison: 3 ACTH versus low-dose prednisone

Outcome: 1 Cessation of spasms

Study or subgroup ACTH Prednisone Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Hrachovy 1983 5/12 4/12 44.6 % 1.41 [ 0.28, 7.09 ]

Baram 1996 13/15 4/14 55.4 % 10.10 [ 2.36, 43.19 ]

Total (95% CI) 27 26 100.0 % 4.19 [ 1.42, 12.34 ]

Total events: 18 (ACTH), 8 (Prednisone)

Heterogeneity: Chi2 = 3.16, df = 1 (P = 0.08); I2 =68%

Test for overall effect: Z = 2.60 (P = 0.0094)
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Analysis 3.2. Comparison 3 ACTH versus low-dose prednisone, Outcome 2 Time taken to cessation of

spasms.

Review: Treatment of infantile spasms

Comparison: 3 ACTH versus low-dose prednisone

Outcome: 2 Time taken to cessation of spasms

Study or subgroup ACTH Prednisone Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Baram 1996 13 3.2 (2.3) 4 4 (2.2) 100.0 % -0.80 [ -3.29, 1.69 ]

Total (95% CI) 13 4 100.0 % -0.80 [ -3.29, 1.69 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)
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Analysis 3.3. Comparison 3 ACTH versus low-dose prednisone, Outcome 3 Relapse rates - number of

patients who remain spasm free.

Review: Treatment of infantile spasms

Comparison: 3 ACTH versus low-dose prednisone

Outcome: 3 Relapse rates - number of patients who remain spasm free

Study or subgroup ACTH Prednisone Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Hrachovy 1983 2/12 3/12 35.5 % 0.62 [ 0.09, 4.24 ]

Baram 1996 11/15 4/14 64.5 % 5.65 [ 1.35, 23.64 ]

Total (95% CI) 27 26 100.0 % 2.57 [ 0.81, 8.11 ]

Total events: 13 (ACTH), 7 (Prednisone)

Heterogeneity: Chi2 = 3.27, df = 1 (P = 0.07); I2 =69%

Test for overall effect: Z = 1.61 (P = 0.11)
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Analysis 3.4. Comparison 3 ACTH versus low-dose prednisone, Outcome 4 Resolution of hypsarrhythmia.

Review: Treatment of infantile spasms

Comparison: 3 ACTH versus low-dose prednisone

Outcome: 4 Resolution of hypsarrhythmia

Study or subgroup ACTH Prednisone Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Baram 1996 13/15 4/14 100.0 % 10.10 [ 2.36, 43.19 ]

Total (95% CI) 15 14 100.0 % 10.10 [ 2.36, 43.19 ]

Total events: 13 (ACTH), 4 (Prednisone)

Heterogeneity: not applicable

Test for overall effect: Z = 3.12 (P = 0.0018)
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Analysis 4.1. Comparison 4 High-dose ACTH versus low-dose ACTH, Outcome 1 Cessation of spasms.

Review: Treatment of infantile spasms

Comparison: 4 High-dose ACTH versus low-dose ACTH

Outcome: 1 Cessation of spasms

Study or subgroup High dose ACTH Low dose ACTH Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Hrachovy 1994 13/30 14/29 75.6 % 0.82 [ 0.30, 2.27 ]

Yanagaki 1999 11/13 9/13 24.4 % 2.30 [ 0.38, 13.77 ]

Total (95% CI) 43 42 100.0 % 1.06 [ 0.44, 2.56 ]

Total events: 24 (High dose ACTH), 23 (Low dose ACTH)

Heterogeneity: Chi2 = 0.96, df = 1 (P = 0.33); I2 =0.0%

Test for overall effect: Z = 0.12 (P = 0.90)
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Analysis 4.2. Comparison 4 High-dose ACTH versus low-dose ACTH, Outcome 2 Relapse rates - number of

patients who remain spasm free.

Review: Treatment of infantile spasms

Comparison: 4 High-dose ACTH versus low-dose ACTH

Outcome: 2 Relapse rates - number of patients who remain spasm free

Study or subgroup High-dose ACTH Low-dose ACTH Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Hrachovy 1994 11/30 12/29 70.0 % 0.82 [ 0.29, 2.32 ]

Yanagaki 1999 8/13 9/13 30.0 % 0.72 [ 0.15, 3.52 ]

Total (95% CI) 43 42 100.0 % 0.79 [ 0.33, 1.88 ]

Total events: 19 (High-dose ACTH), 21 (Low-dose ACTH)

Heterogeneity: Chi2 = 0.02, df = 1 (P = 0.89); I2 =0.0%

Test for overall effect: Z = 0.53 (P = 0.60)
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Analysis 4.3. Comparison 4 High-dose ACTH versus low-dose ACTH, Outcome 3 Resolution of

hypsarrhythmia.

Review: Treatment of infantile spasms

Comparison: 4 High-dose ACTH versus low-dose ACTH

Outcome: 3 Resolution of hypsarrhythmia

Study or subgroup High-dose ACTH Low-dose ACTH Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Yanagaki 1999 8/13 4/12 57.3 % 2.96 [ 0.64, 13.78 ]

Hrachovy 1994 3/13 3/14 42.7 % 1.10 [ 0.18, 6.51 ]

Total (95% CI) 26 26 100.0 % 1.94 [ 0.60, 6.20 ]

Total events: 11 (High-dose ACTH), 7 (Low-dose ACTH)

Heterogeneity: Chi2 = 0.68, df = 1 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 1.11 (P = 0.27)
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Analysis 5.1. Comparison 5 Nitrazepam versus ACTH, Outcome 1 Reduction in spasms.

Review: Treatment of infantile spasms

Comparison: 5 Nitrazepam versus ACTH

Outcome: 1 Reduction in spasms

Study or subgroup Nitrazepam ACTH Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Dreifuss 1986 18/27 12/24 100.0 % 1.96 [ 0.65, 5.93 ]

Total (95% CI) 27 24 100.0 % 1.96 [ 0.65, 5.93 ]

Total events: 18 (Nitrazepam), 12 (ACTH)

Heterogeneity: not applicable

Test for overall effect: Z = 1.20 (P = 0.23)
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Analysis 6.1. Comparison 6 Methysergide versus methylparatyrosine, Outcome 1 Cessation of spasms.

Review: Treatment of infantile spasms

Comparison: 6 Methysergide versus methylparatyrosine

Outcome: 1 Cessation of spasms

Study or subgroup Methersergide Methylparatyrosine Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Hrachovy 1989 1/12 2/12 100.0 % 0.48 [ 0.05, 5.15 ]

Total (95% CI) 12 12 100.0 % 0.48 [ 0.05, 5.15 ]

Total events: 1 (Methersergide), 2 (Methylparatyrosine)

Heterogeneity: not applicable

Test for overall effect: Z = 0.60 (P = 0.55)
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Analysis 6.2. Comparison 6 Methysergide versus methylparatyrosine, Outcome 2 Reduction in spasms.

Review: Treatment of infantile spasms

Comparison: 6 Methysergide versus methylparatyrosine

Outcome: 2 Reduction in spasms

Study or subgroup Methysergide Methylparatyrosine Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Hrachovy 1989 3/12 2/12 100.0 % 1.62 [ 0.24, 11.17 ]

Total (95% CI) 12 12 100.0 % 1.62 [ 0.24, 11.17 ]

Total events: 3 (Methysergide), 2 (Methylparatyrosine)

Heterogeneity: not applicable

Test for overall effect: Z = 0.49 (P = 0.62)
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Analysis 6.3. Comparison 6 Methysergide versus methylparatyrosine, Outcome 3 Relapse rates - number of

patients who remain spasm free.

Review: Treatment of infantile spasms

Comparison: 6 Methysergide versus methylparatyrosine

Outcome: 3 Relapse rates - number of patients who remain spasm free

Study or subgroup Methysergide Methylparatyrosine Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Hrachovy 1989 0/12 1/12 100.0 % 0.14 [ 0.00, 6.82 ]

Total (95% CI) 12 12 100.0 % 0.14 [ 0.00, 6.82 ]

Total events: 0 (Methysergide), 1 (Methylparatyrosine)

Heterogeneity: not applicable

Test for overall effect: Z = 1.00 (P = 0.32)
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Analysis 7.1. Comparison 7 Low-dose vigabatrin versus high-dose vigabatrin, Outcome 1 Cessation of

spasms.

Review: Treatment of infantile spasms

Comparison: 7 Low-dose vigabatrin versus high-dose vigabatrin

Outcome: 1 Cessation of spasms

Study or subgroup Low-dose vigabatrin High-dose vigabatrin Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Elterman 2001 8/75 24/67 100.0 % 0.24 [ 0.11, 0.52 ]

Total (95% CI) 75 67 100.0 % 0.24 [ 0.11, 0.52 ]

Total events: 8 (Low-dose vigabatrin), 24 (High-dose vigabatrin)

Heterogeneity: not applicable

Test for overall effect: Z = 3.57 (P = 0.00036)
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Analysis 7.2. Comparison 7 Low-dose vigabatrin versus high-dose vigabatrin, Outcome 2 Resolution of EEG.

Review: Treatment of infantile spasms

Comparison: 7 Low-dose vigabatrin versus high-dose vigabatrin

Outcome: 2 Resolution of EEG

Study or subgroup Low dose Vigabatrin High dose Vigabatrin Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Elterman 2001 8/75 24/67 100.0 % 0.24 [ 0.11, 0.52 ]

Total (95% CI) 75 67 100.0 % 0.24 [ 0.11, 0.52 ]

Total events: 8 (Low dose Vigabatrin), 24 (High dose Vigabatrin)

Heterogeneity: not applicable

Test for overall effect: Z = 3.57 (P = 0.00036)
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Analysis 8.1. Comparison 8 Sulthiame versus placebo, Outcome 1 Cessation of spasms.

Review: Treatment of infantile spasms

Comparison: 8 Sulthiame versus placebo

Outcome: 1 Cessation of spasms

Study or subgroup Sulthiame Placebo Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Debus 2004 8/28 1/23 100.0 % 5.13 [ 1.22, 21.47 ]

Total (95% CI) 28 23 100.0 % 5.13 [ 1.22, 21.47 ]

Total events: 8 (Sulthiame), 1 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 2.24 (P = 0.025)
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Analysis 8.2. Comparison 8 Sulthiame versus placebo, Outcome 2 resolution of EEG.

Review: Treatment of infantile spasms

Comparison: 8 Sulthiame versus placebo

Outcome: 2 resolution of EEG

Study or subgroup Sulthiame Placebo Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Debus 2004 8/28 1/23 100.0 % 5.13 [ 1.22, 21.47 ]

Total (95% CI) 28 23 100.0 % 5.13 [ 1.22, 21.47 ]

Total events: 8 (Sulthiame), 1 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 2.24 (P = 0.025)
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Analysis 9.1. Comparison 9 Vigabatrin versus hormonal treatment, Outcome 1 Cessation of spasms.

Review: Treatment of infantile spasms

Comparison: 9 Vigabatrin versus hormonal treatment

Outcome: 1 Cessation of spasms

Study or subgroup Vigabatrin Hormonal treatment Peto Odds Ratio Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Vigevano 1997 11/23 14/19 0.35 [ 0.10, 1.19 ]

Askalan 2003 6/6 3/3 0.0 [ 0.0, 0.0 ]

Lux 2004 28/52 40/55 0.45 [ 0.20, 0.98 ]

Total (95% CI) 81 77 0.42 [ 0.21, 0.80 ]

Total events: 45 (Vigabatrin), 57 (Hormonal treatment)

Heterogeneity: Chi2 = 0.11, df = 1 (P = 0.75); I2 =0.0%

Test for overall effect: Z = 2.61 (P = 0.0092)
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Analysis 9.2. Comparison 9 Vigabatrin versus hormonal treatment, Outcome 2 Resolution of EEG.

Review: Treatment of infantile spasms

Comparison: 9 Vigabatrin versus hormonal treatment

Outcome: 2 Resolution of EEG

Study or subgroup Vigabatrin Hormonal treatment Peto Odds Ratio Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Askalan 2003 6/6 3/3 0.0 [ 0.0, 0.0 ]

Lux 2004 20/28 26/32 0.58 [ 0.18, 1.91 ]

Vigevano 1997 4/11 11/14 0.18 [ 0.04, 0.90 ]

Total (95% CI) 45 49 0.38 [ 0.15, 0.99 ]

Total events: 30 (Vigabatrin), 40 (Hormonal treatment)

Heterogeneity: Chi2 = 1.30, df = 1 (P = 0.25); I2 =23%

Test for overall effect: Z = 1.97 (P = 0.049)

0.1 0.2 0.5 1 2 5 10

Vigabatrin Hormonal Treatment

Analysis 9.3. Comparison 9 Vigabatrin versus hormonal treatment, Outcome 3 Seizures at follow-up.

Review: Treatment of infantile spasms

Comparison: 9 Vigabatrin versus hormonal treatment

Outcome: 3 Seizures at follow-up

Study or subgroup Vigabatrin Hormonal treatment Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Askalan 2003 2/6 1/3 5.5 % 1.00 [ 0.06, 15.99 ]

Lux 2004 19/52 27/55 72.1 % 0.60 [ 0.28, 1.29 ]

Vigevano 1997 6/23 5/19 22.5 % 0.99 [ 0.25, 3.87 ]

Total (95% CI) 81 77 100.0 % 0.69 [ 0.36, 1.32 ]

Total events: 27 (Vigabatrin), 33 (Hormonal treatment)

Heterogeneity: Chi2 = 0.46, df = 2 (P = 0.80); I2 =0.0%

Test for overall effect: Z = 1.12 (P = 0.26)
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Analysis 10.1. Comparison 10 ACTH versus high-dose prednisone, Outcome 1 Cessation of infantile spasms.

Review: Treatment of infantile spasms

Comparison: 10 ACTH versus high-dose prednisone

Outcome: 1 Cessation of infantile spasms

Study or subgroup ACTH High dose prednisone Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Lux 2004 19/25 21/30 100.0 % 1.35 [ 0.41, 4.38 ]

Total (95% CI) 25 30 100.0 % 1.35 [ 0.41, 4.38 ]

Total events: 19 (ACTH), 21 (High dose prednisone)

Heterogeneity: not applicable

Test for overall effect: Z = 0.49 (P = 0.62)
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Analysis 10.2. Comparison 10 ACTH versus high-dose prednisone, Outcome 2 Resolution of EEG.

Review: Treatment of infantile spasms

Comparison: 10 ACTH versus high-dose prednisone

Outcome: 2 Resolution of EEG

Study or subgroup ACTH High dose prednisone Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Lux 2004 16/18 10/14 100.0 % 3.04 [ 0.52, 17.66 ]

Total (95% CI) 18 14 100.0 % 3.04 [ 0.52, 17.66 ]

Total events: 16 (ACTH), 10 (High dose prednisone)

Heterogeneity: not applicable

Test for overall effect: Z = 1.24 (P = 0.22)
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A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor Spasms, Infantile explode all trees

#2 (infantile spasm*)

#3 “West syndrome” or “West’s syndrome”

#4 (salaam spasm*)

#5 (hypsarrhythmia)

#6 (#1 OR #2 OR #3 OR #4 OR #5)

Appendix 2. MEDLINE search strategy

The following search is based on the Cochrane highly sensitive search strategy for identifying randomized trials in MEDLINE as set

out in Appendix 5b of the Cochrane Handbook for Systematic Reviews of Interventions (version 4.2.4, updated March 2005) (Higgins

2005).

1. Spasms, Infantile/

2. West$ syndrome.tw.

3. salaam spasm$.tw.

4. hypsarrhythmia.tw.

5. infantile spasm$.tw.

6. 1 or 2 or 3 or 4 or 5

7. randomized controlled trial.pt.

8. controlled clinical trial.pt.

9. exp Randomized Controlled Trials/

10. exp Random Allocation/

11. exp Double-Blind Method/

12. exp Single-Blind Method/

13. 7 or 8 or 9 or 10 or 11 or 12

14. (animals not human).sh.

15. 13 not 14

16. clinical trial.pt.

17. Clinical Trial/

18. (clin$ adj trial$).ab,ti.

19. ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).ab,ti.

20. exp PLACEBOS/

21. placebo$.ab,ti.

22. random$.ab,ti.

23. exp Research Design/

24. 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23

25. (animals not human).sh.

26. 24 not 25

27. 15 or 26

28. 27 and 6
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W H A T ’ S N E W

Last assessed as up-to-date: 31 October 2007.

11 August 2009 Amended Copyedits made at editorial base.

H I S T O R Y

Protocol first published: Issue 3, 1999

Review first published: Issue 2, 2002

24 October 2008 Amended Search strategy amended to comply with RevMan 5

format.

8 August 2008 New citation required but conclusions have not

changed

Three new studies have been included.

8 August 2008 New search has been performed Searches re-run. New Studies found and included.

23 July 2008 Amended Converted to new review format.

29 September 2005 New search has been performed New studies found and included.

29 September 2005 New search has been performed Searches re-run. New studies found but not yet in-

cluded or excluded.

C O N T R I B U T I O N S O F A U T H O R S

Eleanor Hancock was primarily responsible for all aspects of this review including protocol design, undertaking the searches, the

database of studies, data collection and extraction, data analysis, and presentation of the results.

John Osborne agreed and approved the review at all stages, independently evaluated which studies should be included and excluded

from the review, and also independently extracted the data from the included studies.

Philip Milner agreed on and approved the review, independently evaluated which studies should be included in and excluded from the

review, and also independently extracted the data from the included studies up until February 2002.

Stuart Edwards replaced Philip Milner and has agreed and approved the review, independently evaluated which studies should be

included and excluded from the review, and also independently extracted data from the included studies from February 2002.
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D E C L A R A T I O N S O F I N T E R E S T

Dr Hancock, Professor Osborne, and Dr Edwards are members of the Trial Steering Committee for two multicentre randomised

controlled trials in infantile spasms (United Kingdom Infantile Spasms Study (UKISS) and the International Collaborative Infantile

Spasms Study). Professor Milner was the chairman of the Data Monitoring and Ethics Committee for UKISS. Professor Osborne is

also a co-author for the Consensus Statement of the West Delphi Group.
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I N D E X T E R M S

Medical Subject Headings (MeSH)

Anticonvulsants [adverse effects; ∗therapeutic use]; Psychomotor Performance; Randomized Controlled Trials as Topic; Spasms, Infantile

[complications; ∗drug therapy]

MeSH check words

Humans; Infant
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