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ABSTRACT

Introduction: Vigabatrin (VGB), a second-generation antiepileptic drug, is effective for the treatment of infantile spasms and
focal seizures, primarily in tuberous sclerosis complex (TSC) patients. However, reports of adverse events of VGB, including
VGB-associated visual field loss and brain abnormalities in neuroimaging, have raised concerns about the broader use of VGB

and thus significantly limited its application.

Aim of the study: The goal of this review was to summarise the recent therapeutic guidelines, the use of VGB in focal seizures
and new VGB applications as a disease-modifying treatment in TSC patients. Moreover, we discuss the current opinions on

potential VGB-associated toxicity and the safety of VGB.
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Introduction

Vigabatrin (VGB) (Sabril®) is a second-generation antiepi-
leptic drug (AED) of which the therapeutic effect results from
an increase in the level of gamma-aminobutyric acid (GABA),
the main inhibitory neurotransmitter in the central nervous
system (CNS), through the selective, irreversible inactivation of
GABA transaminase (GABA-T) [1]. A study by Yang et al. sug-
gests that VGB reduces glutamate /glutamine cycling between
astrocytes and neurons. These findings imply a glutamatergic
effect, which could also be related to VGB’s anticonvulsant effect
[2]. VGB is an antiseizure medication with proven efficacy in
the treatment of infantile spasms (IS) and focal onset seizures,
mainly in tuberous sclerosis complex (TSC) patients, but its use
has been limited due to concerns about visual toxicity [3-5].

Despite its long history and some safety issues regarding
the possibility of visual-field defects (VEDs), VGB retains
a significant status in paediatric epileptology. This study
reports recent recommendations and new indications for
the use of VGB in focal seizures, trials of VGB application
as a disease-modifying treatment in TSC, and current opin-
ions on vigabatrin-dependent VFDs in epileptic patients.

Registered indications and clinical
guidelines

VGB was first registered in the United Kingdom (UK) in
1989 for the treatment of IS and as a second-line treatment
for uncontrolled focal seizures [1]. A growing number of
reports of visual changes emerging for both paediatric and
adult patients caused the European Medicines Agency (EMA)
to update guidelines on VGB usage in 1999. The EMA limited
VGB use to adjunctive therapy for refractory focal epilepsy
in both adults and children and as monotherapy for IS [6].
Current therapeutic guidelines for VGB in Europe include:
IS, an adjunctive therapy of refractory focal onset epilepsy,
and in TSC patients as therapy in all types of seizures [7, 8].

Due to concerns over the safety of VGB treatment, the drug
was not approved in the United States (US) until 2009. Nowadays,
there are differences in the indications for VGB therapy guide-
lines in the US, including IS monotherapy in patients aged from
1 month to 2 years, and as adjunctive therapy in patients with
refractory focal onset epilepsy > 10 years whose seizures have
inadequately responded to several alternative treatments. For
patients with TSC, indications include only IS monotherapy [9].
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VGB is particularly effective in epileptic seizures in pa-
tients in whom the epilepsy is caused by a genetic disorder, as
in TSC cases [10]. In addition, recent data suggests that VGB
may have not only antiseizure, but also antiepileptogenic or
disease-modifying, properties in TSC [11]. This effect may
be caused by the possible additional mechanism of action of
VGB consisting in partial inhibition of the mMTOR (mammalian
target of rapamycin) pathway, which is dysregulated in the
course of TSC [12].

Therapeutic effectiveness of VGB

VGB has proven to be highly effective in the treatment of
IS especially in patients with TSC [13, 14]. Data considering
the effectiveness of VGB in focal seizures among paediatric
patients is limited [15-17]. It seems certain that VGB therapy
extends beyond IS in the paediatric population. Jackson et
al. carried out a retrospective evaluation of the efficacy of
VGB beyond the current U.S. Food and Drug Administration
(FDA) approval recommendations [18]. Their study included
103 patients with different aetiologies and types of seizures
(epileptic spasms, focal seizures, tonic seizures, tonic-clonic
seizures), including a large percentage of treatment-resistant
seizures under 11 years of age treated with VGB monotherapy
and or adjuvant therapy. In this study, VGB has been shown to
provide good seizure control: in short-term seizure outcome
(median of 1.6 months), the seizure frequency decreased by
83.3% from baseline, and 72.7% of patients achieved > 50%
seizure reduction. The improved seizure outcome was main-
tained also for long-term follow-up (median of 12.1 months),
with 96.7% seizure frequency reduction and 72.7% of patients
experiencing a reduction in seizure frequency of > 50%. In
addition, a low relapse rate (6.5%) following VGB therapy
was demonstrated [18].

VGB treatment efficacy in IS

Infantile spasm is severe epileptic encephalopathy appear-
ing with a frequency of 0.01 to 0.58/1,000 live births which
mainly affects children under the age of 2 years, peaking
between 3 and 7 months [19, 20]. Historically, the classic
West syndrome triad has included the characteristic clinical
seizures — epileptic spasms (ES) — sudden contraction
of the trunk and extremities lasting less than one second,
most frequently occurring in series, an abnormal interictal
electroencephalographic (EEG) pattern (hypsarrhythmia),
and developmental abnormalities. However, developmental
delay and hypsarrhythmia do not always occur, especially at
the beginning, which has led to the updating and broaden-
ing of the IS definition by the International League Against
Epilepsy (ILAE) and the West Delphi Consensus Statement,
according to which IS is recognised when characteristic ES
are present, with or without the presence of hypsarrhythmia
in EEG [21, 22].

VGB is recommended as the first line treatment for IS,
together with adrenocorticotropic hormone (ACTH) or cor-
ticosteroids. The effectiveness of the drug has been confirmed
in several randomised controlled trials [13, 23]. Favourable
long-term neurodevelopmental outcomes are associated with
early ES cessation. It has been shown that the duration of
hypsarrhythmia is a sensitive prognostic parameter in IS, and
the risk of mental retardation increases after three weeks of
hypsarrhythmia persistence in the EEG [24, 25].

Efficient diagnostics and quick treatment initiation have
the greatest impact on the long-term outcomes of IS patients.
In the United Kingdom Infantile Spasms Study (UKISS),
O’Callaghan et al. presented the risk of delayed IS treatment
[26]. Their study showed an inverse relationship between
the length of treatment delay and the results of the Vineland
Adaptive Behaviour Scales (VABS) in patients aged 4 years.
A 3.9 point reduction in VABS score was associated with each
successive delay interval as follows: 8-14 days; 2-4 weeks;
4-8 weeks; > 8 weeks [26]. Widjaja et al. conducted a me-
ta-analysis that included studies confirming the relationship
between IS treatment delay and long-term outcomes. The
authors proved that a lead time to treatment (LTTT) of
< 4 weeks was associated with a 51.9% improvement in neu-
rodevelopmental outcome compared to a > 4 weeks LTTT [25].

Several randomised, multicentre trials have been conduct-
ed to compare different IS therapeutic options. According to
ILAE, short-term VGB response rates range from 35% to 54%,
much less than with hormonal treatment (76-87%) [22]. In the
UKISS study, Lux et al. showed that infants assigned to hor-
monal therapy had a greater chance of not having ES on days
13 and 14 of treatment compared to those treated with VGB at
the minimum dose of 100 mg/kg/day (73% compared to 54%)
[27]. The same authors assessed patients aged 12-14 months,
showing that long-term ES control in both treatment options
was similar (hormonal vs VGB treatment, 75% vs. 76%) [28].
Moreover, the VABS neurological development score showed
that in patients with an unknown IS aetiology, hormonal
therapy promotes a better initial ES control which can lead
to improved development [28].

The study by Djuric et al. also reported that long-term
developmental outcomes in patients treated with VGB were
similar to those in patients treated with ACTH or corticos-
teroids [29]. However, the continuation of the UKISS study
with paediatric patients at mean age 4 years with a telephone
epilepsy questionnaire and a VABS assessment showed that
in cases of seizures without identified aetiology, patients
treated with prednisolone or ACTH had better development
than those treated with VGB [30]. The study by Knupp et al.
proved that ACTH (all doses combined) was associated with
a higher rate of early (at two weeks) response than VGB (55%
of infants receiving ACTH as initial treatment versus 36% for
VGB). The sustained response rate in patients treated with
ACTH, after relapse rates were taken into account, was still
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significantly higher compared to those treated with VGB at
three months of therapy [31].

The International Collaborative Infantile Spasms Study
(ICISS) was the first prospective work to evaluate the efficacy of
combination therapy. This study determined that combination
therapy (ACTH or high-dose steroids with VGB) was more
effective and faster in achieving clinical and electroclinical
responses in children with IS compared to treatment with
hormonal therapy alone. Combination therapy has been prov-
en to be much more effective in stopping ES (between 14 and
42 days of treatment inclusive) than hormonal therapy alone
(71.9% vs. 56.6%). Furthermore, this study also supports the
fact that earlier ES termination correlates with better long-term
epilepsy outcomes [32]. The patients from the ICISS were next
evaluated after 18 months of treatment: combination therapy
showed no improvement in developmental or treatment out-
comes for epilepsy. [33]. Retrospective analysis by Hahn et al.
also showed a similar result: patients receiving combination
therapy with VGB and prednisolone showed a significantly
better response to initial treatment than with VGB monother-
apy (55.3% vs. 39.1%) [34].

VGB treatment efficacy in focal non-TSC
seizures

It is assumed that the administration of VGB in paediat-
ric patients expands beyond IS. Although the available data
is limited, several studies have demonstrated good efficacy
of VGB in focal epilepsy in nonTSC patients [16, 17, 35].
A recent (2020) meta-analysis by Bresnahan et al. included
11 randomised, double-blind, placebo-controlled, fully pub-
lished trials of VGB involving 756 people, which investigated
VGB as an add-on treatment of drug-resistant focal epilepsy.
This study included nonTSC patients aged 10 to 64 years. It
has been shown that patients given VGB may be two to three
times more likely to experience a 50% or greater reduction in
seizure frequency compared to those treated with a placebo,
and it is also suggested that patients given VGB may be up to
three times more likely to stop treatment than people given
a placebo. However, it has been evaluated that the results
should not be related to children aged under 10, and also that
all studies had a significant risk of bias [36]. VGB treatment
effectiveness in focal epilepsy in nonTSC and TSC paediatric
patients is set out in Table 1.

VGB in patients with TSC

TSC is a genetic neurocutaneous disease caused by
mutations of TSCI or TSC2 suppressor genes, coding for
the proteins hamartin and tuberin. Both of these proteins
function as the mTOR inhibitory complex, which is involved
in a number of cellular processes necessary for growth, me-
tabolism and regulation of cell division. Mutations in any of
the genes lead to upregulation of the mTOR pathway, resulting
in uncontrolled cell growth and the formation of typical TSC
changes [37, 38]. Epilepsy is the most common neurological

symptom of TSC, occurring in 70-90% of patients, with
a peak occurrence in the first year of life [39, 40]. Patients
with TSC can present almost any type of seizure, although
focal seizures and ES are the most common. Moreover, subtle
focal seizures may precede or coexist with ES [41, 42]. VGB is
recognised as the most effective drug for all type of seizures in
TSC patients. Moreover, it is more effective in treating IS than
ACTH, eliminating ES in about 95% of TSC patients [40]. VGB
therapy is recommended in TSC both in IS and focal seizures
because treatment can prevent the evolution of focal seizures
into IS during the first year of life. According to the study by
Overwater et al., focal seizures develop before infantile spasms
in 58% of paediatric patients [40]. The recommendations of
the International Tuberous Sclerosis Complex Consensus
(2012 and 2018), in Europe, but not in the US, indicate VGB as
afirst-line drug for all seizures in paediatric patients with TSC
under the age of 1 year. Furthermore, VGB therapy should also
be considered for a variety of seizure types in older children
and adults [8, 43]. Accessible, mainly retrospective, studies
have indicated the effectiveness of VGB treatment in TSC
children with focal epilepsy [15-17, 35, 44]. A study conducted
in 2015 showed that VGB is more effective when introduced
as an initial treatment for TSC-related seizures [40]. A delay
to VGB treatment is associated with unfavourable long-term
outcomes, while early and aggressive treatment correlates with
a lower percentage of refractory seizures [45]. Early seizure
control plays a key role in reducing cognitive and behavioural
function, and minimising the risk of autism and intellectual
disability [46, 47]. Permanent remission of seizures seems to
be a necessary condition for better development, including
cognitive function, in patients with TSC [48]. In view of the
above, Hussain et al. attempted to plan an effective strategy for
the prevention of IS relapses. Their prospective study conduct-
ed on a group of patients with IS and TSC showed that each
increase in the VGB dose by 50 mg/kg/day was associated with
a 61% reduction in the risk of IS recurrence. In addition, the
authors found that the risk of IS recurrence is exceptionally
low with a VGB dose of at least 150 mg/kg/day. The results of
this study suggest that treatment with high doses of VGB may
reduce the risk of IS recurrence in TSC patients [49].

VGB is an example of a drug with individualised efficacy
for seizures in TSC. The high efficacy of the drug in TSC is
not yet clarified. In recent years, a vast amount of research
has been conducted to explain the mechanism of the above
correlation. Some of the investigators have indicated that
the mTOR complex 1 (mMTORCI) is involved in epileptogen-
esis in TSC and VGB can inhibit mTOR pathway [12, 50].
Deregulation of the mTOR pathway could have a potential
antiepileptogenic effect or disease-modifying properties of
VGB in TSC [11].

The recent reports on the possibility of preventing epilepsy
in patients with TSC seem to be groundbreaking. Increased
awareness of TSC symptoms, together with significant pro-
gress in early diagnosis, allows for implementation of regular
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video-EEG surveillance and the introduction of VGB treat-
ment before clinical seizures [51, 52]. In the study by Jozwiak
etal, the initiation of VGB treatment (100-150 mg/kg/day) at
the presence of subclinical epileptiform EEG before the onset
of clinical seizures was associated at the 24" month of life with
alower percentage of epilepsy (43% vs. 71%), a lower incidence
of drug-resistant epilepsy, and a lower rate of intellectual disa-
bility (48% vs. 14%) compared to the group of patients treated
conventionally after the onset of clinical seizures [45]. A longer
follow-up of the same group demonstrated that the effects of
preventive antiepileptic treatment introduced in infancy per-
sisted until school age. Preventive treatment reduced the risk
of clinical seizures (50% vs. 96% in the conventionally treated
group) and intellectual disability (21% vs. 72%) in school-aged
children with TSC [53].

Currently, two major prospective, randomised trials are
evaluating the preventive use of VGB in TSC: the EPISTOP
project (along-term, prospective study evaluating clinical and
molecular biomarkers of epileptogenesis in a genetic model of
epilepsy — tuberous sclerosis complex, NCT02098759) and
the PREVeNT trial (Preventing Epilepsy Using Vigabatrin in
Infants With Tuberous Sclerosis Complex, NCT02849457)
[54, 55]. The PREVeNT study results are not yet available.
The EPISTOP project focused not only on the prevention of
epilepsy, but also on the identification of clinical and molecular
biomarkers of epileptogenesis in patients with TSC. The project
ended in 2018 and the clinical part of its results were published
in 2021 [56]. They demonstrated that preventive treatment of
VGB was associated with a more than two-fold reduction in
the risk of drug-resistant epilepsy compared to conventional
treatment (28% vs. 64%). The time to the first clinical seizure
was longer (approximately 4x) with preventive treatment.
Moreover, the incidence of neurodevelopmental delay at age
2 years in the group with preventive treatment compared to
conventional treatment was substantially lower (33% vs. 50%).
Most importantly, none of the EPISTOP patients had a severe
learning disability (cognitive-developmental quotient < 50) at
age 2 years. None of the children who received preventive treat-
ment developed IS throughout the course of the study, while 40%
of patients on conventional treatment have. Furthermore, no
adverse events related to preventive treatment were noted [56].

In conclusion, the results of the EPISTOP study showed that
prophylactic antiepileptic treatment significantly reduces the risk
of epilepsy, as well as its severity and the risk of drug resistance.
Apart from the clinical part, for the first time, the EPISTOP
project has undertaken comprehensive research with the use of
currently available molecular methods aimed at detecting the
mechanisms of epilepsy and its impact on the development of
children. Work on this part of the project is still ongoing.

Adverse events of VGB

VGB is a well-tolerated drug; the most commonly reported
adverse reactions are somnolence, sedation, irritability, and

restlessness, but these are usually transient and dose-related
[57, 58]. Despite the recognised efficacy of the drug, the use
of VGB has been limited by reports of rare, but significant and
characteristic of VGB, side effects. The main one is retinopathy
resulting in permanent defects of the peripheral visual field
defects (pVFDs), termed Vigabatrin-associated visual field loss
(VAVFL), and the other is toxicity presented in neuroimaging.

Vigabatrin-associated visual field loss

Retrospective studies describing visual field constrictions
in both adult and paediatric patients are available, but the
results are still inconclusive [59-62]. The meta-analysis by
Maguire et al. demonstrated that the prevalence of VAVFL
among patients treated for focal epilepsy was higher in adults
(52%) than in older children (34%) [63]. In contrast, two
other studies have reported visual fields loss in school-age
children who had received VGB in infancy. The results of these
studies showed a lower prevalence of pVFDs at school age,
with mild pVFDs measured by Goldmann kinetic perimetry
being observed in only 6-7% of children [64, 65]. In a recently
published cohort study, 21% of children treated with VGB
for IS had a significant amplitude reduction in 30 Hz flicker
electroretinogram (ERG) [66]. However, whether changes
in ERG are a relevant marker of pVFD is debatable because
ERG results change with development, and the reliability of
the results in infants remains questionable.

In a study by Moskowitz et al., paediatric patients were
assessed by both ERG and perimetry. This work demonstrated
that there was no relationship between the amplitude of the
30 Hz flicker response and visual field defects on perimetry
[67]. The onset of VAVFL is presumed to occur in the periphery
(outside of the central 30-degree field of view), to progress
centrally, and to persist after VGB has been discontinued
(68, 69]. The risk of vision loss is considered to be low with
early exposure to VGB [70]. This risk may increase with age,
higher cumulative doses of VGB, and with duration of treat-
ment [71, 72]. However, a systematic review by Maguire et
al. demonstrated the association between VGB therapy and
ocular toxicity to be minor and not sufficient to alter treatment
decisions [63].

Due to the potentially serious side effect of permanent
pVEDs, in accordance with the requirements of the FDA, VGB
is available under a limited distribution programme known
as the Risk Evaluation and Mitigation Strategy (REMS) which
includes a mandatory registry and monitoring of patients
treated with VGB (sabril.net/hcp/prescribing_sabril/) [5, 9].
The REMS recommendations require an eye assessment at the
start of treatment, every three months during treatment, and
for 3-6 months after treatment. The recommended screening
test is perimetry. For patients incapable of performing perim-
etry due to chronological age, developmental age, or cognitive
difficulties, the recommended screening strategy consists
of confrontational testing with ERG and optical coherence
tomography (OCT) [73].
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Based on the REMS registry of patients treated with VGB
between 2009 and 2016, two studies were published describ-
ing demographics, disease characteristics and vision changes
in 9,423 paediatric and adult patients [74, 75]. These studies
demonstrated that almost 30% of all patients enrolled in the
VGB registry were exempt from ophthalmological testing.
The drug registry received ophthalmological test results from
only 1,509 patients, of whom 37% had preexisting, baseline
clinically significant pathology affecting the visual system that
was not related to VGB. The described data was next reviewed
by two independent neuro-ophthalmologists who identified
only 30 patients (2.0%) with a potential VGB-associated effect
on vision [76].

To further assess the influence of VGB on the visual sys-
tem, Sergott et al. initiated in 2010 a prospective, longitudinal,
single-arm, open-label phase IV study (NCT01278173) [77].
In this study, the effect of therapy was evaluated in VGB-naive
patients during one year of adjunctive VGB treatment. The
obtained results demonstrated that a substantial proportion
of adult patients with refractory focal impaired awareness
seizures had preexisting vision abnormalities prior to receiving
VGB [32% of patients had an abnormally thin retinal nerve
fibre layer (RNFL), 15% had abnormal visual acuity, and 20%
had abnormal near visual fields], and did not reveal statistically
significant changes in population mean change from reference
in central 30-degree visual field measurements. Moreover, in
contrast to previous publications, the authors showed signif-
icant increases in RNFL thickness in spectral-domain optical
coherence tomography (SD-OCT). The clinical relevance of
retinal thickening is unclear, but the authors suggested that
it may be caused by intra-axonal and intracellular oedema.
Retrospective studies suggest that retinal toxicity occurs only
after months to years of VGB therapy, therefore the short
duration of follow-up (only one year) could be the limitation
of this particular study [77].

There is more data concerning visual deficits in epileptic
patients not exposed to VGB. In 2011, Plant and Sergott
reported that bilateral constrictions of the visual field occur
also in epilepsy patients who had not previously been treated
with VGB [78]. In 2015, Balestrini et al. demonstrated that
epilepsy patients treated with several AEDs (without VGB)
and/or vagus nerve stimulator also exhibited abnormally thin
RNFL compared to healthy controls, which could indicate that
an abnormally thin RNFL may be associated with refractory
epilepsy, sequelae, or possibly treatment-related with non-vi-
gabatrin AEDs [79]. A study by Schwarz et al. did not detect
any clinically apparent vision loss when evaluating 143 IS
patients treated with VGB [80]. A recent study by McFarlane et
al. demonstrated retinal toxicity with ERG in nearly a quarter
of infants with IS who had not previously been treated with
VGB. This study indicated an association of abnormal ERG
(retinal damage) with the aetiology of IS which is a structur-
ally-acquired (perinatal) subgroup, included a hypoxic-ischae-
mic defect. This was the first study on the incidence of retinal

abnormalities in a large group of children with IS unrelated
to VGB treatment. The authors found that nearly a quarter of
children with IS not treated with VGB showed symptoms of
a retinal defect identified in ERG responses. Nearly a quarter
of the children in this study had structural perinatal brain
damage [81].

The results of prospective observations which did not re-
veal new visual deficits led the FDA, in 2013, to lower the age
(from 17 to 10) at which VGB can be prescribed to patients
with refractory focal onset impaired awareness seizures. More-
over, in 2016, the wording in the package insert regarding eye
examinations to monitor for drug toxicity was changed from
“required” to “recommended”. In addition, the “30 per cent or
more” part of the ocular section of the black box warning has
been omitted since 2016 compared to the previous prescribing
information [76].

VGB-associated brain abnormalities on
magnetic resonance imaging (MRI)

Another, poorly understood but definitely important, side
effect is the risk of VGB-associated brain abnormalities on MRI
(VABAM) in the form of predominantly asymptomatic and
reversible high T2-weighted signal and restricted diffusion in
the thalami, basal ganglia, brainstem tegmentum, and cerebellar
dentate nuclei [82]. It is estimated that the risk of asymptomatic
VABAM in infants is approximately 20-30%, and so far no data
in older children and adults is available [82, 83]. The patho-
physiological mechanism of VABAM is unclear. Initially MRI
changes were thought to correlate with intramyelinic oedema
[82]. However, there have been reports that MRI abnormalities
are more likely due to axonal degeneration [84, 85]. According
to previous reports, VABAM correlates with high doses of
VGB, younger age, and the ‘cryptogenic’ aetiology of IS [82,
86]. Moreover, isolated cases of VABAM are associated with
hyperkinetic movement disorders as well as acute life-threat-
ening encephalopathy and breathing difficulties, although the
pathophysiology of these phenomena is unknown [85, 87, 88].
The study by Fong et al. undermined previously reported
movement disorders related to VGB exposure, as there were
identified cases where movement disorders occurred without
MRI changes or VGB exposure, and in patients whose symp-
toms persisted despite VGB withdrawal, or resolved despite
continuation of VGB [89]. Due to the high prevalence of
asymptomatic VABAM in infants, and the rare but potentially
life threatening effects of symptomatic VABAM, Hussain et
al. designed a retrospective study in which the predictors of
both symptomatic and asymptomatic VABAM were identified
in IS patients [85]. The obtained results indicate that the risk
of asymptomatic VABAM was dose-dependent and that peak
(but not cumulative) VGB dose was strongly associated with
asymptomatic VABAM. In addition, only four patients from
a study group of 104 had symptomatic VABAM. It appears that
the risk of symptomatic VABAM is dose-independent and po-
tentially related to combining VGB with hormonal therapy [85].
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Figure 1. MRI abnormalities related to VGB. First column (A, B) shows MRI brain examination at age 6 months, second column (C, D) at age
15 months, and third column (E, F) at age 24 months. Treatment of VGB was continued. A. Diffusion-weighted images (DWI) with b = 1,000
shows strong hyperintensity and symmetrical increased volume of both thalami; B. Corresponding apparent diffusion coefficient (ADC) map
demonstrates hypointense signal consistent with restricted diffusion; C. Hyperintense signal of thalami slightly visible still on DWI, but signal
on ADC map is normalised (D); E, F. Follow-up examination demonstrates resolution of diffusion abnormalities; images courtesy of Prof.
Elzbieta Jurkiewicz, Department of Diagnostic Imaging, The Children’s Memorial Health Institute, Warsaw, Poland

Individual reports of patients with concomitant encephalop-
athy and changes in neuroimaging during combination therapy
have been reported in the literature [87]. A recent report de-
scribes an 8-month-old girl with IS treated with ACTH and high
dose VGB (182 mg/kg/day), who developed encephalopathy and
movement disorders with associated changes in imaging [90].
It seems that combination therapy, despite its better effective-
ness, may carry a greater risk of VGB-related toxicity seen on
MRI. The results of a study by the National Infantile Spasms
Consortium which aims to compare combination therapy with
hormonal therapy alone and VGB alone (ClinicalTrials.gov
NCT03347526), may answer this question [91]. Figure 1 sets
out reversible MRI abnormalities related to VGB.

It is important to distinguish between brain MRI results
related to VGB from other actiologies, including metabol-
ic, infectious and ischaemic. In symptomatic VABAM, the
symptoms should be confronted with the effects of epilepsy
itself, which may lead to encephalopathy and developmental
regression [85]. It is important to take into account the side
effects of VGB, as misdiagnosis can lead to increased iatro-
genic symptoms.

Conclusions

VGB is an antiepileptic drug used as first-line therapy in
IS, a severe epileptic encephalopathy leading to developmental

delay which frequently is a precursor of other forms of epilepsy
(e.g. Lennox-Gastaut syndrome) [5, 13, 22]. In IS treatment,
VGB’s therapeutic effectiveness is weaker than other first line
options such as ACTH and corticosteroids [22]. However,
combined therapy of VGB and ACTH is significantly more
effective and faster in achieving clinical and electroclinical
responses in children with IS [32]. Nonetheless, in TSC ep-
ilepsy patients, VGB is highly effective both in IS treatment
(eliminating ES in about 95% of patients) and for other seizure
types including focal seizures that may occur prior to IS [40].

There have been groundbreaking recent reports on VGB’s
efficacy as a preventive epilepsy treatment. The results of
several clinical studies and major prospective trials such
as EPISTOP suggest that VGB may not only demonstrate
antiseizure, but also antiepileptogenic, properties in TSC
patients [11, 56]. In fact, currently VGB is the only AED
which has been proven effective in the prevention or mod-
ification of epilepsy.

It is clear that the use of VGB has been limited over the
years due to reports of potential adverse effects. This was
particularly noticeable in the US, where the drug was intro-
duced with limited use in 2009, with the recommendation of
regular monitoring of patients receiving VGB in the form of
the REMS programme [9, 74, 75]. However, the suggestion of
ocular toxicity originates from retrospective studies which did
not include a pre-treatment ocular evaluation. Additionally,
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performing visual field examination in younger patients, espe-
cially those with neurological deficits, can be challenging and
the peripheral nature of the field loss means there is no one
ideal technique to assess VAVFL. Furthermore, prospective
studies in the form of the VGB drug registry and the phase
IV vision study by Sergott et al. did not demonstrate patients
with symptomatic visual loss associated with VGB [74, 75, 77].
Considering the latest reports, it seems that the fear of severe
adverse effects associated with VGB therapy, such as ocular
toxicity, may be unfounded.

Despite multiple reports, VGB’s therapeutic indications
and possible antiepileptogenic properties are not ultimately
established. Moreover, the risk and course of VGB’s adverse
effects are ambiguous. There are still many unanswered
questions in the form of the frequency and severity of visual
deficits caused by VGB. There is a need for more randomised,
prospective and sufficiently extended trials which could de-
finitively answer these important questions.
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