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Abstract West syndrome (WS), also known as infantile

spasms, occurs in infancy with a peak between 4 and

7 months. Spasms, neurodevelopmental regression and

hypsarrhythmia on electroencephalogram (EEG) basically

define WS. The International League Against Epilepsy

commission classifies the aetiologies of WS into genetic,

structural, metabolic and unknown. Early diagnosis and a

shorter lag time to treatment are essential for the overall

outcome of WS patients. These goals are feasible with the

addition of brain magnetic resonance imaging (MRI) and

genetic and metabolic testing. The present work analysed

the medical literature on WS and reports the principal

therapeutic protocols of its management. Adrenocorti-

cotropic hormone (ACTH), vigabatrin (VGB) and corti-

costeroids are the first-line treatments for WS. There is no

unique therapeutic protocol for ACTH, but most of the

evidence suggests that low doses are as effective as high

doses for short-term treatment, which is generally 2 weeks

followed by dose tapering. VGB is generally administered

at doses from 50 to 150 mg/kg/day, but its related retinal

toxicity, which occurs in 21–34% of infants, is most fre-

quently observed when treatment periods last longer than

6 months. Among corticosteroids, a treatment of 14 days

of oral prednisolone (40–60 mg/day) has been considered

effective and well tolerated. Considering that an early

diagnosis and a shorter lag time to treatment are essential

for successful outcomes in these patients, further studies on

efficacy of the different therapeutic approaches with eval-

uation of final outcome after cessation of therapy are

needed.

Key Points

West syndrome (WS) is characterized by the

combination of spasms in clusters, hypsarrhythmia

on electroencephalogram (EEG) and psychomotor

regression.

Therapy should be quickly initiated as soon as

possible after the identification of spasms in infants

to rapidly control seizures and improve long-term

outcomes.

Adrenocorticotropic hormone (ACTH), vigabatrin

(VGB) and corticosteroids are the primary

recommended drugs in these patients.

1 Introduction

West syndrome (WS) is characterized by the combination

of spasms in clusters, hypsarrhythmia on electroen-

cephalogram (EEG) and psychomotor regression, which

must not inevitably exist before the onset of spasms [1].

The general practitioner William James West from Tun-

bridge first described this disorder in 1841 and reported the

clinical condition of his 4-month-old son, who exhibited

‘‘slight bobbings of the head forward’’, which increased in
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frequency and intensity over time. Doctor West’s

description of his son’s spasms is considered a classic

portrayal. The letter describes spasms that often begin

during the first year of life, occur in series, and may arise in

infants who are otherwise seemingly healthy in association

with intellectual and motor deterioration [2]. Approach to

WS is not clearly standardized. The present work analysed

the medical literature in depth, reports principal therapeutic

solutions related to a specific cause, and considers the

possible adverse effects and implications in the lives of WS

patients.

2 West Syndrome (WS): From Epidemiology
to Diagnosis

WS is also known as infantile spasms (IS), and it is an age-

related disorder that generally occurs during the first year

of life with a peak between 4 and 7 months. Some cases

emerge up to 14 years of age, as evidenced in the Inter-

national League Against Epilepsy (ILAE), which demon-

strates that this condition is not limited to the first year of

infancy. The incidence of WS is estimated at 2–5/10,000

newborns, with a preference for males [3–5].

WS spasms are the main clinical feature of this condi-

tion. Spasms are sudden and brief contractions of the

muscles of the neck, trunk and limbs that occur in a vari-

able time frame, from a fraction of a second to 1–2 s.

Spasms generally present in clusters and range from sev-

eral to hundreds during 1 day. Spasms often occur during

awakening or while falling asleep. Jerks are generally

flexor but may also be extensor or mixed. Spasms are

sometimes preceded by crying or shouting, and they are

occasionally associated with other clinical events, such as

cyanosis, pallor, deviation of the eyes and modification of

respiratory or heart rate [3, 6–8].

The typical EEG pattern of WS is hypsarrhythmia,

which was defined by Gibbs as a chaotic and disorganized

basal activity with high amplitude slow waves and focal or

multifocal spikes that are asynchronous and non-rhythmic

[9]. Hypsarrhythmia generally occurs in non-rapid eye

movement (NREM) sleep, and it disappears during the

awake state, rapid eye movement (REM) sleep and spasm

clusters. EEG evaluation is certainly important for WS

diagnosis even if hypsarrhythmia may be absent in some

cases. Caraballo et al. [10] analysed 16 patients with spasm

clusters and noticed focal spikes on seven EEGs, bilateral

spikes or spikes and waves in two multifocal spikes in five

EEGs, and normal findings in two EEGs. A normal EEG

excludes the diagnosis of WS [11]. The neurodevelop-

mental delay plays an important role in the management of

WS. This delay is considered a strict criterion for the

diagnosis of WS and an essential end-point for a good

outcome. Patients generally show a relevant psychomotor

retardation, but some milder forms maintain certain cog-

nitive profiles. The developmental delay may be present

before, during or after the onset of spasms [7].

The pathophysiology of WS is not completely known

because of the complexity of this syndrome. The most

common possible mechanisms are an increased excitability

and a loss of inhibition, which are observed in animal

models. Increased corticotropin-releasing hormone (CRH)

and N-methyl-D-aspartic acid (NMDA) characterize the

increased neuronal excitability [12, 13]. The loss of

interneurons due to the expression of the aristaless-related

homeobox, X-linked (ARX) gene underlies the loss of

inhibition [14]. Infantile spasms are observed in many

diseases. One study of 207 infants with this clinical con-

dition demonstrated that only 127 (61%) of these infants

had a verified aetiology. The primary causes were hypoxic-

ischaemic encephalopathy (HIE) (10%), chromosomal

aberrations (8%), malformations (8%), stroke (8%),

tuberous sclerosis complex (TSC) (7%) and periventricular

leukomalacia or haemorrhage (5%). Sixty-eight (33%) of

the remaining patients had no identified cause, and 12 (6%)

patients were not fully investigated [15]. The larger

availability of genetic and metabolic tests increased the

number of patients with a recognized aetiology. Wirrell

et al. [16] performed genetic studies and found a causal

aberration in 23.5% of 112 patients, without a definite

cause after the initial evaluation, followed by magnetic

resonance imaging (MRI) of the brain. Metabolic tests

were performed in most of these 251 patients, and

pathology was confirmed in only five cases (4.5%). Recent

studies identified many genes that were associated with

infantile spasms, such as ARX, TSC1 and 2, cyclin-depen-

dent kinase-like 5 (CDKL5) [17, 18], sodium channel

protein type 1 subunit alpha (SCN1A), sodium channel

protein type 2 subunit alpha (SCN2A), huntingtin inter-

acting protein 1 (HIP1), gamma-aminobutyric acid recep-

tor subunit beta 3 (GABRB3) [19, 20] and membrane-

associated guanylate kinase inverted 2 (MAGI2) [21].

Some chromosomal abnormalities may also cause spasms,

including trisomy 21 (Down’s syndrome), deletion 1p36

syndrome, deletion 7q11.23 (Williams syndrome plus),

maternal duplication 15q11q13 (duplication 15 q syn-

drome), tetrasomy 12p (Pallister–Killian syndrome) and

deletion 17p13 (Miller–Dieker syndrome) [20, 22]. Meta-

bolic disorders are also implicated in infantile spasms, such

as pyridoxine dependency, biotidinidase deficiency, mito-

chondrial diseases, phenylketonuria, non-ketotic hyper-

glycaemia, organic acidaemias, Menkes syndrome,

developmental delay-epilepsy-neonatal diabetes (DEND)

syndrome and progressive encephalopathy with oedema,

hypsarrhythmia and optic atrophy (PHEO) syndrome

[1, 23].
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The characteristics of infantile spasms are different from

the typical seizure spasms, and these spasms may be

unrecognized initially. A recent multicentre retrospective

study by Auvin et al. [24] demonstrated the difficulty in

correctly and promptly identifying infantile spasms. These

authors enrolled 83 patients with available data on diag-

nostic delay and demonstrated that most of the consulted

practitioners (83%) could not explain the clinical picture in

these cases. Suggested diagnoses included behavioural

disorders or organic diseases, such as gastroesophageal

reflux (7%), constipation (7%) or colitis (3%). However,

Nelson [25] suggested a comprehensive flow-chart to

establish the diagnosis of WS, including history and

physical evaluation followed by video-EEG, which may be

prolonged for 24 h or repeated after 1–2 weeks if hypsar-

rhythmia or other electrical abnormalities are not found. If

there is no EEG evidence of spasms after this time, then

different conditions should be considered. An MRI of the

brain should be performed to detect potential structural

malformations, ischaemic lesions or tubers. Patients with

normal results may undergo genetic (single-nucleotide

polymorphism (SNP), array comparative genomic

hybridization (aCGH) and typical epilepsy genes panel)

and metabolic tests to clarify their condition.

Infantile spasms were initially classified as idiopathic,

cryptogenic and symptomatic based on clinical assessment.

The first and second groups indicate patients with normal

and abnormal neurological development, respectively,

prior to the onset of symptoms and no identified cause. The

last group includes infants with impaired development and

a recognized aetiology [26]. Some cases are synthetically

divided into ‘cryptogenic’ and ‘symptomatic’. The ILAE

Commission on Classification and Terminology substituted

genetic, structural, metabolic and unknown aetiologies for

‘cryptogenic’ and ‘symptomatic’ in 2010 [8]. One crucial

aspect of WS management is therapy, which must abolish

spasms and normalize the EEG pattern to reverse regular

neurodevelopmental delay.

3 Therapeutic Strategies in West Syndrome (WS)

Therapy should be forcefully initiated as soon as possible

after the identification of spasms in infants to rapidly

control seizures and improve long-term outcomes.

Adrenocorticotropic hormone (ACTH), corticosteroids and

vigabatrin (VGB) are the primary recommended drugs in

these patients. Numerous studies have evaluated the effects

of these drugs using different dose regimens, focusing on

drug efficacy and possible adverse effects, but many con-

troversies remain.

3.1 Adrenocorticotropic Hormone (ACTH)

ACTH was first noted as being effective in 1950, and it

exhibited activity in four of six patients aged 4.5–16 years

with different seizure types who were resistant to other

treatments [27]. Sorel and Dusacy-Bauloye [28] first

reported the exceptional and peculiar utility of ACTH in

infants with spasms and typical EEG patterns in 1958.

Various hypotheses were formulated for the mechanism of

action, and ACTH produces neurosteroids via different

mechanisms to promote an anticonvulsant result [29].

Different forms of ACTH exist, including ‘natural’ (bovine

or porcine origin) and ‘synthetic’ (obtained from isolation

of the first 24 amino acids in the ACTH peptide). The first

formulation is not available in Europe, and the second

formulation, which exhibits prolonged action, is not

available in the USA [26]. Baram et al. [30] enrolled 29

patients who received a high dose of natural ACTH

(150 IU/m2/day, given twice daily), followed by a gradual

reduction (30 IU/m2 in the morning for 3 days, 15 IU/m2

in the morning for 3 days, 10 IU/m2 in the morning for

3 days and 10 IU/m2 every other morning for 6 days) or

prednisone (2 mg/kg/day in two divided doses) for

2 weeks. They demonstrated that 13 of the 15 (87%)

infants treated with ACTH and only four of the 14 (29%)

infants treated with prednisone exhibited a clinical and

EEG response, which supported the superiority of the first

drug. Mytinger et al. [31] performed a recent retrospective

study to characterize another therapeutic approach. This

work examined patients with infantile spasms from January

2009 to September 2013 using two different high-dose

natural ACTH protocols. The first protocol was 12 weeks:

75 IU/m2 twice daily the first week, 75 IU/m2 daily the

second week and 75 IU/m2 on alternate days the third and

fourth weeks, with a slow complete reduction during the

remaining 8 weeks. The second protocol was 4 weeks,

with 2 weeks at 75 IU/m2 twice daily and a quick taper

during the other 2 weeks. A clinical response was inter-

preted as a complete absence of symptomatology for a

period of 28 days, and a relapse was considered the return

of spasms. They identified 87 patients, but only 39 patients

were evaluated. A total of 21 ACTH-responders were

found, with 11 of the 25 patients assigned to the long

protocol and 10 of the 14 patients assigned to the short

protocol. No significant difference was observed between

the two groups. There were also no differences in drug

efficacy between patients with known or unknown aetiol-

ogy. Only one patient in the long protocol group (with

Down’s syndrome) suffered a serious adverse effect, and

this patient died of sepsis. A complete clinical remission

was noted within 2 weeks after the initial dose of ACTH in

96% of cases, and 100% of patients within 3 weeks.
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Therefore, the authors concluded that a change in therapy

should be considered after this period.

One important topic in ACTH treatment was the possi-

bility of establishing low-dose regimens that would be as

effective as high doses but with only minor side effects. Ito

et al. [32] performed a retrospective multicentre study of

138 WS infants who were resistant to other therapies and

received low doses of synthetic ACTH (0.005–0.032 mg/

kg/day) for 1–5 weeks. A total of 106 patients (77%)

exhibited a complete clinical result, 23 patients (17%)

exhibited a normal result with a 50% reduction in seizure

frequency, and nine patients (7%) exhibited a poor result.

ACTH was more effective in patients with symptomatic

causes than in patients with a cryptogenic disease, and only

22% of patients reported no side effects. Only 47% of

infants exhibited mild adverse effects (e.g. endocrine and

sleep disorders), 23% exhibited moderate adverse effects

(e.g. renal or liver dysfunction), and 7% exhibited severe

adverse effects (e.g. hypertension, infections and intracra-

nial haemorrhage) that required therapy cessation. Kondo

et al. [33] enrolled WS patients with symptomatic and

cryptogenic aetiologies and examined two low-dose regi-

mens for 2 weeks that were prolonged up to 4 weeks

because of enduring clinical and EEG disorders. One group

(18 patients) received synthetic ACTH (0.015 mg/

kg/dose), the other 16 patients received synthetic ACTH

(0.01 mg/kg/dose) and a clinical response was observed in

94% of cases. There were no significant differences in

adverse events, including irritability (31 patients), infec-

tions (three patients), and hypertension (four patients),

between the two groups. These authors indicated that

0.01 mg/kg was effective in cryptogenic forms of WS and

that 0.015 mg/kg was effective in symptomatic patients.

Other investigators [34] demonstrated that a gradual

increase in ACTH doses based on an insufficient response

reduced the incidence of adverse events. They included 31

infants who initially received synthetic 0.005 mg/kg/day

ACTH once daily for 2–3 weeks and a 1- to 2-week taper,

followed by 0.025 mg/kg/day for 2 weeks and a 2-week

taper if abnormalities were persistent. Eight patients

required the additional treatment, but only two patients

experienced a cessation of spasms. None of the patients

exhibited hypertension, but a temporary elevation of liver

enzymes, body weight gain and mild brain atrophy con-

firmed using computed tomography (CT) were observed.

Other studies compared low- and high-dose ACTH

regimens to investigate variations in the spasm abolition,

hypsarrhythmia resolution and adverse events. Yanagaki

et al. [35] included 25 WS patients (16 with symptomatic

and nine with cryptogenic causes) in a prospective ran-

domized controlled study and administered high-dose

(0.025 mg/kg/day in 13 infants) and low-dose (0.005 mg/

kg/day in 12 infants) synthetic ACTH for 8 weeks. They

found no significant differences between the two treat-

ments in clinical improvement or side effects. A total of

75% of patients in the symptomatic group exhibited a good

clinical response in both therapeutic protocols. Good

results were achieved in 75% of patients in the cryptogenic

group with the low-dose regimen and in 100% of infants

with the high-dose regimen. Adverse events were irri-

tability, body weight gain, increased liver enzymes and

hypokalaemia, and more cases of brain volume modifica-

tions were noted in the high-dose group. Other authors

demonstrated the same results [36, 37]. One study com-

pared high-dose (150 IU/m2/day for 3 weeks, 80 IU/

m2/day for 2 weeks, 50 IU/m2/day on alternate days for

1 week and complete reduction in 3 weeks) and low-dose

(20–30 IU/day for 2–6 weeks) natural ACTH regimens.

Treatments were similarly effective in 13 of 26 (50%)

patients in the first group and in 14 of 24 (58%) patients in

the second group.

Adverse events included irritability, infection, oral

thrush and hypokalaemia, with a higher incidence of

hypertension in patients who followed the high-dose pro-

tocol [36]. Another retrospective study divided 135 infants

into three synthetic ACTH dosage groups and demon-

strated no significant differences in the cessation of spasms

or EEG improvement. These findings were observed in 63

of the 72 patients (88%) who received 0.02 mg/kg/day, 11

of the 13 patients (85%) who received 0.015 mg/kg/day

and 39 of the 50 patients (78%) who received 0.0125 mg/

kg. However, significant variations were found in treatment

suspension due to adverse events in the third group of

infants compared to the other groups. Overall, 57 children

(42.2%) reported side effects (e.g. respiratory infections,

hypertension and arrhythmia), and 23 of these children

(17%) ceased the treatment [37]. Consequently, the authors

concluded that a low-dose ACTH regimen should be pre-

ferred to a high-dose regimen because of the similar effi-

cacy and improved tolerability [35–37] (Table 1).

3.2 Vigabatrin (VGB)

VGB has been largely used in Europe for treatment of

infantile spasms since 1989. VGB irreversibly inhibits

gamma-aminobutyric acid-transaminase (GABA-T), which

increases GABA concentrations and suppresses seizure

activity. The US Food and Drug Administration (FDA)

approved VGB for infantile spasms in 2009 [38]. The basis

for this approval was clearly documented [39, 40] and

established the relevance of this drug. Appleton et al. [39]

performed a multicentre, randomized, double-blind, pla-

cebo-controlled study of 40 infants with a recent diagnosis

of infantile spasms who exhibited typical clinical and EEG

features and excluded infants who used other antiepileptic

drugs (AEDs) within the previous 2 months. Patients
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presented cryptogenic (30%) and symptomatic (70%)

causes, but none presented tuberous sclerosis. Patients

were randomized to VGB or placebo for 5 days after a

baseline period of 2–3 days. VGB was administered at

50 mg/kg/day and increased up to 150 mg/kg/day if spasm

control was not achieved. The authors also proposed a

continuation of treatment, in an open-label period of

24 weeks, to both groups. This treatment was followed by

36 of 40 infants but completed only by 29 of these patients.

At the end, the highest dosage was received by 11 of 20

patients in the VGB group and by 19 of 20 patients in the

placebo group. A total cessation of spasms was observed in

seven infants (35%) in the VGB group and in two infants

(10%) in the placebo group. However, clinical improve-

ment was achieved in 77.9% of the patients in the first

group and 25.9% of the patients in the second group. After

24 weeks, 15 of the 40 patients achieved a complete abo-

lition of spasms, and nine of these patients became spasm-

free within 12 days of VGB treatment. Physicians assessed

psychomotor development at baseline and at the end of the

study using the Denver test. They noted that only three

patients exhibited a normal finding initially, but seven

patients achieved good results after treatment. The authors

highlighted that all of these patients were spasm-free. A

total of 12 patients (60%) in the VGB group, six patients

(30%) in the placebo group, and 24 patients (66.7%) during

the open-label phase experienced adverse events. Eight

patients reported drowsiness, which was the most common

side effect (Table 2).

Elterman et al. [40] compared the clinical effects of two

VGB doses in 221 children with a recent diagnosis of

infantile spasms in a large randomized single-blind study.

Investigators compared a high-dose (100–148 mg/kg/day)

and low-dose (18–36 mg/kg/day) VGB treatment for

14–21 days. Additional drugs were permitted in cases with

different seizure types, but no dose adjustments were

performed in the first 21 days. The study also included a

follow-up phase of up to 3 years, but only 17.2% of

patients were evaluated at the end of this period. The

authors initially imposed strict criteria that were difficult to

follow, and the final end point was spasm cessation, which

was defined as 7 consecutive days without clinical mani-

festations occurring at any time during the study and

confirmed using video-EEG within 9 days since the ces-

sation of symptoms. Spasm abolition was achieved in

68.2% of patients in the high-dose group (a total of 107)

and 51.8% of patients in the low-dose group (a total of

114) using the revised parameters. A clinical response was

obtained within 1 week in the first group compared to the

second group, with average results observed in 6 and

13 weeks, respectively. They demonstrated that 21.1% (8/

38) of patients with tuberous sclerosis were spasm-free, but

only 7.9% (10/26) of patients with other symptomatic T
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causes and 12.3% (7/57) of infants with cryptogenic aeti-

ologies achieved this result. Adverse events included

sedation (16.7%), somnolence (13.5%) and irritability

(9.9%).

Vigevano et al. [41] first demonstrated the clinical

efficacy of VGB in 1997 in 42 infants with infantile spasms

aged 2–9 months. Physicians used 100–150 mg/kg/day

VGB or 10 IU/day synthetic ACTH as first-line treatment.

Twenty-three patients, seven with a cryptogenic cause and

16 with a symptomatic cause, received VGB, and ACTH

was given to 19 infants, eight with a cryptogenic cause and

11 with a symptomatic cause. The investigators could

modify the therapy or switch to the other drug if there was

no response or if the patient experienced severe side effects

during the first 20 days. There were no significant differ-

ences in the spasm cessation rate during this phase of the

study, with 47.8% (11 infants) in the VGB group and

73.6% (14 infants) in the ACTH group achieving cessation.

Seven of the 11 patients responded within 3 days to VGB,

and all patients exhibited a complete response within

14 days. ACTH exhibited a better reaction in children with

perinatal hypoxic/ischaemic injuries, and VGB was more

effective in infants with cerebral malformations and

tuberous sclerosis. Both treatments produced good results

on cryptogenic infantile spasms. Changes in therapy pro-

duced clinical control in two of the five patients who

switched to VGB and in 11 of the 12 patients who switched

to ACTH. Relapses were reported after 3 months in six

ACTH patients and one VGB patient. Adverse events

occurred in three infants (13%) in the VGB group and

seven infants (36.8%) in the ACTH group. Spasm cessation

was inferior in the VGB group, but this study stressed the

importance of VGB and its use as a possible first-line drug,

particularly in patients with cerebral malformations and

tuberous sclerosis. This finding was clearly demonstrated

in a multicentre prospective work by Chiron et al. [42] who

compared the efficacy of VGB and hydrocortisone in 22

patients with infantile spasms associated with tuberous

sclerosis. Eleven infants were randomized to 150 mg/

kg/day VGB, and the remaining 11 were treated with

ACTH (15 mg/kg/day) for 1 month. Patients who exhibited

no clinical response were switched to the other drug for

2 months. Children with spasm abolition continued VGB

or gradually reduced hydrocortisone. All children in the

VGB group were spasm-free at the end of the first month

compared to only five children in the hydrocortisone group.

The remaining six patients without a good response and the

one patient in this group who experienced a serious side

effect were treated with VGB and achieved complete

symptom resolution. Relapse occurred in one VGB patient

who received 75 mg/kg/day. However, this patient became

spasm-free in 1 day when he switched to 100 mg/kg/day

without any difficulty. Clinical results were achieved faster

in patients treated with VGB, with a mean of 3.5 days.

Clinical results appeared after 13 days in the hydrocorti-

sone group. Adverse events were observed in 14 patients

(five on VGB and nine on hydrocortisone). The most

common side effects in the VGB group were drowsiness

and hyperexcitability. The other group of patients experi-

enced more hyperexcitability, sleep disorders and weight

changes. In addition to the adverse events observed in the

above-mentioned studies, the most severe side effects

associated with VGB were visual field defects (VFDs).

Several hypotheses were formulated, but the real mecha-

nism of VGB-induced retinal damage is not known [43].

Many authors suggested that VFDs were caused by bilat-

eral concentric constriction affecting more extensively the

nasal field than the temporal field [44–46]. The daily dose,

cumulative dose and duration of treatment were implicated

in VGB-related vision loss [47, 48]. Maguire et al. [49]

reported that VFDs occurred in 52% of adults and in 34%

of children. Therapy should be suspended if there is no

clinical response after 2–4 weeks [43], and minimizing

VGB treatment for 6 months or less reduces the prevalence

of retinal damage [50]. Gaily et al. [51] noted that 1 of 16

patients (6%) aged 6–12 years who were treated with VGB

for 12–24 months exhibited VFDs, but two recent studies

[50, 52] reported vision loss rates of 21 and 34%, respec-

tively. Patients treated with VGB also reported MRI

abnormalities with an incidence of 22–32%, mostly new-

onset and reversible T2-weighted hyperintensities and

restricted diffusion in thalami, globus pallidus, dentate

nuclei, brainstem and corpus callosum [53, 54].

3.3 Other Drugs and Recent Advances in Therapy

An evidence-based guideline update in 2012 reported two

important concepts [20]. One concept is that the evidence

is insufficient to recommend the use of oral corticosteroids,

such as prednisolone, dexamethasone and methylpred-

nisolone, as being as effective as ACTH for the short-term

treatment of infantile spasms. The second concept concerns

the adoption of other drugs (e.g. felbamate, sodium val-

proate, zonisamide, topiramate, pyridoxine, nitrazepam,

levetiracetam and the ketogenic diet) for infantile spasms.

Two recent studies from 2004 to 2005 confirmed this

information and demonstrated new therapeutic options for

WS [55, 56]. The United Kingdom Infantile Spasms Study

was a multicentre, randomized, controlled trial that

involved 150 hospitals in the UK. A total of 107 patients

aged 2–12 months with clinical and EEG patterns of

infantile spasms were enrolled. Patients received VGB

(100–150 mg/kg/day, 52 patients), oral prednisolone

(40–60 mg/day, 30 patients) or intramuscular tetracosac-

tide (0.5–0.75 mg, equivalent to 40–60 IU, 25 patients) on

alternate days. The first evaluation on days 13 and 14
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revealed spasm cessation in 28 of 52 infants (53.8%) in the

VGB group and in 40 of 55 infants (72.7%) in the hor-

monal treatment group [21 of 30 prednisolone patients

(70%) and 19 of 25 tetracosactide patients (76%)]. Adverse

events were experienced in both groups (53.8% in the VGB

group vs. 54.5% in the hormonal treatment group), and

EEGs improved in patients with hormonal treatments. The

low abolition of spasm rate in the VGB group was likely

due to the exclusion of patients with infantile spasms that

arose from tuberous sclerosis. The study was also pro-

longed to assess whether early seizure control was asso-

ciated with improved developmental and epilepsy

outcomes at 12–14 months. A total of 101 patients con-

tinued in the follow-up period, and their developmental

status was measured using Vineland Adaptive Behavior

Scales (VABS). Overall, the clinical response was similar

at 14 months: 41 of 55 infants (74.5%) in the hormonal

treatment group and 39 of 51 patients (76.5%) in the VGB

group. VABS scores were also equivalent between the two

groups (78.56 in the hormonal treatment group and 77.5 in

the VGB group). Better results were observed in infants

with a cryptogenic aetiology who were on hormonal ther-

apy [55, 56].

Knupp et al. [57] created a multicentre database in 2012

that included patients with a recent diagnosis of WS

between 2 months and 2 years of age. The available data

were obtained from June 2012 and July 2014. Clinical

information, EEG and MRI evaluations were collected at

baseline and after 3 months. Development was also

assessed. Drugs proposed were ACTH, prednisolone, VGB

and other non-standard therapies. A total of 232 infants

were included, and the first treatment choice was associated

with the aetiologies. VGB was preferred in infants with

structural causes (tuberous sclerosis). ACTH was admin-

istered in 42% of cases, oral corticosteroids in 23%, VGB

in 20% and non-standard therapies in 14%. Patients treated

with ACTH exhibited mild or no problems compared to

infants treated with non-conventional drugs, who experi-

enced unfavourable results. Overall, spasm cessation and

hypsarrhythmia resolution were observed in 91 of the 198

patients (46%) who followed standard therapies compared

to three of the 32 infants who followed other treatments.

These findings were obtained in 53 of the 97 (55%) patients

who received ACTH, 21 of the 54 patients (39%) who

received OCS, 17 of the 47 patients (36%) who received

VGB, and three of the 32 patients (9%) who received other

drugs. Five of the eight infants with tuberous sclerosis (a

total of 11) treated with VGB exhibited a clinical response,

but patients treated with ACTH (one infant) and non-s-

tandard therapies (two infants) exhibited no results. Chil-

dren with unknown aetiology and normal development

achieved a better resolution rate (20/34, 59%) compared to

children with genetic (40/106, 38%) or structural causes

(34/90, 38%). Therefore, the authors concluded that infants

who received standard therapies, particularly ACTH, had a

greater likelihood of obtaining a clinical response [57].

A recent multicentre open-label randomized trial, the

International Collaborative Infantile Spasms Study

(ICISS), compared the combination of hormonal treatment

and VGB to hormonal treatment alone and found spasm

resolution for 4 weeks. Between March 2007 and May

2014 a total of 377 infants aged 2–14 months with clinical

and EEG characteristics of infantile spasms were included.

They were randomized to the two therapeutic groups.

Moreover, an additional randomisation of type of hormonal

therapy used was proposed with parental approval. The

following drugs were administered: prednisolone (10 mg

four times daily, increased up to 20 mg three times daily if

spasms persisted), tetracosactide (0.5 mg–40 IU intramus-

cularly, increased up to 0.75 mg every other day if spasms

persisted) and VGB (50–100 mg/kg, increased up to

150 mg/kg if spasms continued). Hormonal therapies were

administered orally for 2 weeks, and gradually reduced

until day 29. VGB was used for 3 months and reduced over

4 weeks. A total of 186 participants were assigned to the

hormonal treatment with VGB, and 191 participants were

assigned to hormonal therapy alone. Spasm cessation was

achieved in 133 of 186 patients (72%) in the first group and

in 108 of 191 patients (57%) in the second group. A sta-

tistically relevant reduction in response was observed in

patients who had a lead time to treatment of greater than

2 months. These results were obtained previously in com-

bined therapy patients (average value of 2 days) compared

to the other patients (approximately 4 days). Improved

EEG patterns (evaluated initially in 227 of the 374 infants)

were observed in 123 of 185 patients (66%) in the first

group and in 104 of 189 patients (55%) in the second

group. Regarding the causes underlying the spasms in

infants with unidentified aetiology, the early clinical

response rate was 85% in patients treated with combined

therapy and 60% in patients treated with hormonal treat-

ment alone. A total of 228 patients experienced adverse

events (111 in the hormonal treatment group and 117 in the

other group), and a serious reaction occurred in 33 of these

patients (16 in the hormonal therapy group and 17 in the

combined therapy group). Infections were the most com-

mon side effect, occurring in five patients in the hormonal

alone group and in four infants in the combined therapy

group. Movement disorders were also observed in 16

infants (two in the hormonal group and 14 in the combined

treatment group), which were likely related to the under-

lying diseases. Therefore, the authors concluded that

combined therapy was associated with early and effective

clinical and EEG results [58].

However, two prospective clinical trials showed supe-

riority of corticosteroid therapy on ACTH [59, 60] and, due
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to the high cost of ACTH, in some countries corticosteroid

therapy is still considered a first-line treatment. In one of

these studies, children (aged 2 months–2 years) with pre-

viously untreated WS, were randomized to receive

40–60 IU every other day of intramuscular ACTH or

40–60 mg/day of oral prednisolone for 14 days. Improve-

ment of hypsarrhythmia was assessed blindly using a

hypsarrhythmia severity scale before and after completion

of therapy. Adverse effects were assessed on day 14 using a

symptom diary. The hypsarrhythmia severity score signif-

icantly improved with hormonal therapy for 2 weeks

[(10.45 ± 2.65 vs. 3.45 ± 2.67); p\ 0.01]. When indi-

vidual treatment arms were compared using mean differ-

ences in the improvement of scores, improvement in the

prednisolone arm (7.95 ± 2.76) was significantly greater

than that in the ACTH arm (6.00 ± 2.61; p\ 0.01). Both

forms of therapy were tolerated well. Frequent crying,

irritability, weight gain, increased appetite and abdominal

distension were more common (but not statistically sig-

nificant) with prednisolone. The same group of authors in

another single-centre, single-blind, parallel-group clinical

trial randomized newly diagnosed infants with WS to

receive 14 days of oral prednisolone (40–60 mg/day) or a

synthetically prepared intramuscular long-acting ACTH

[40–60 IU/every other day (0.5–0.75 mg)] [60]. By day 14,

cessation of infantile spasms occurred in 28/48 (58.3%)

infants on prednisolone compared with only 18/49 (36.7%)

infants given ACTH (p = 0.03) and electroclinical remis-

sion in 21 on prednisolone compared with nine on ACTH

(p = 0.007). Sustained spasm control for 28 consecutive

days following electroclinical remission occurred in 15

children on prednisolone compared with six on ACTH

(p = 0.008). The total number of days required for spasm

cessation was significantly less in those treated with

Table 3 Main studies on recent advances in therapy of West syndrome

Authors Years Study design No. of

patients

Therapy-dosage Clinical and/or

EEG response

and outcome

(VABS)

Results

N (%)

Adverse

effects

Y/N

Lux et al. [55] 2004 Parallel-group VGB vs.

PNL vs. TCT; 14 days

107 VGB: 100–150 mg/kg/day;

PNL: 40–60 mg/day; TCT:

40–60 IU/m2 EOD

SF and EEG

improvement

VGB: 28/52 (54);

any Ht 40/55

(73); [PNL

21/30 (70);

TCT: 19/25

(76)]

Y

Lux et al. [56] 2005 Parallel-group follow-up;

12–14 months

101 – SF; VABS VABS: VGB:

(77.5); Ht:

(78.6)

–

Knupp et al.

[57]

2016 Multicentre database;

evaluation

232 ACTH: 10–75 U/m2; PNL:

10 mg/dose; VGB:

50–150 mg/kg/day; NST

SF; resolution

of Hyps

ACTH: 53/97

(55); PNL:

21/54 (39);

VGB 17/47

(36); NST: 3/32

(9)

Y

O’Callaghan

et al. [58]

2017 Multicenter OL, R, trial

1st PR: VGB ? Ht vs.

2nd PR: Ht; Ht:

2 weeks ? taper until

day 29; VGB

3 months ? 4 weeks

taper

377 TCT: 0.5–0.75 mg EOD;

PNL: 10 mg 4 times daily—

20 mg 3 times daily if

symptoms persistent; VGB:

50–150 mg/kg/day

SF; resolution

of Hyps

1st PR: 133/186

(72); 108/191

(57)

Y

Wanigasinghe

et al. [59]

2014 P, R, trial; 14 days 92 ACTH: 40–60 IU/day; PNL:

40–60 mg/day

Resolution of

Hyps

evaluated

with an Hyps

severity

score

Amelioration

severity score:

PNL:

10.45 ± 2.65;

ACTH:

3.45 ± 2.67

Y

Wanigasinghe

et al. [60]

2015 Parallel-group, SB, R,

single-centre; 14 days

97 ACTH: 40–60 IU/EOD; PNL:

40-60 mg/day

SF; resolution

of Hyps

ACTH: 18/49

(36.7); PNL:

28/48 (58.3)

Y

ACTH adrenocorticotropic hormone, EOD every other day, Ht hormonal treatment, Hyps hypsarrhythmia, N not, NST nonstandard therapies,

P prospective, PNL prednisolone, PR protocol, R randomized, SB single blind, TCT tetracosactide, VABS Vineland Adaptive Behavior Scales,

VGB vigabatrin, Y yes
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prednisolone (3.85 days ± 2.4) compared with ACTH

(8.65 days ± 3.7; p = 0.001). Among patients who did not

achieve remission, there was a non-significant trend toward

greater quantitative reduction of spasms with prednisolone

than with adrenocorticotropic hormone (p = 0.079). These

were the first ever documentation of a superior therapeutic

role of oral steroids in WS [59, 60] (Table 3).

4 Prognosis

Focusing on the developmental outcome, in WS patients it

is important to consider many aspects. The underlying

aetiology and the time from seizure onset to start of

treatment are essential [3]. Better developmental outcomes

are noticed in patients without an identified aetiology and

even better in those treated with hormonal therapy rather

than vigabatrin [61]. In particular, cryptogenic patients

may have a good or near-good outcome up to 54.3% of the

time [62], while only 12.5% of symptomatic patients have

a normal outcome [63]. About the relevance of the lag time

to treatment there are important evidences. In a retro-

spective study, including only patients with a cryptogenic

cause, Kivity et al. [64] proposed a long-term treatment

with high-dose tetracosactide followed by oral corticos-

teroids for about 9 months. They showed that a normal

cognitive outcome resulted in all patients treated within

1 month of the onset of infantile spasms but only in 40% of

those treated later. Favourable cognitive outcome with

shorter interval to treatment (\ 3 weeks [65],\ 4 weeks

[66]) was also appraised in recent studies collecting

patients with both cryptogenic and symptomatic spasms.

5 Conclusions

WS is a peculiar and age-related epileptic disorder with

possible disastrous consequences and with a diagnostic and

therapeutic approach that is not clearly standardized. The

objective of WS management is the cessation of spasms

and the achievement of a good developmental outcome.

Physicians, parents and caregivers must be alert in infants

with movements compatible with spasms. Videos and the

internet provide valuable support to assess these findings.

A comprehensive clinical assessment, EEG evaluation,

brain MRI and genetic and metabolic tests help achieve an

early diagnosis.

The underlying aetiology is crucial for the therapeutic

choice. ACTH, VGB and corticosteroids are the first-line

treatments in WS patients. There is no unique therapeutic

protocol for ACTH, but the evidence suggests that low

doses are as effective as high doses for short-term treat-

ment (generally 2 weeks, followed by drug tapering) [20].

VGB is generally administered from 50 to 150 mg/kg/day,

and its related retinal toxicity, which occurs in 21–34% of

infants, may be associated with treatment periods longer

than 6 months [50, 52]. Among corticosteroids, a treatment

of 14 days of oral prednisolone (40–60 mg/day) has been

considered effective and well tolerated [59, 60]. Because

an early diagnosis and a shorter lag time to treatment are

essential for successful outcomes in these patients, further

studies on efficacy of the different therapeutic approaches

with evaluation of final outcome after cessation of therapy

are needed.
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