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Abstract

Vigabatrin, a structural analogue of the inhibitory neurotransmitter gamma-aminobutyric acid
(GABA), is widely used as initial monotherapy in infantile spasms and add on therapy in partial
onset seizures. Vigabatrin is associated with retinal toxicity causing constriction of the visual field.
Our aim was to assess what effect add-on antiepileptic drug therapy has on the incidence of retinal
toxicity in patients being treated with vigabatrin. Medication dosages, duration of treatment, and
electroretinogram results were examined in a single center retrospective study. Retinal toxicity was
detected in 18 of 160 patients (11.25%) over a 10-year period. A total of 14 (77%) were in the
group treated with additional antiepileptic drugs, the other 4 received vigabatrin as monotherapy.
We detected a significantly higher percentage of toxicity in the group of patients treated with
vigabatrin and additional antiepileptic drugs. Our numbers were not sufficient to detect which drug
or combination of drugs might be associated with higher risk.
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Vigabatrin has been used since 1979 in the treatment of epilepsy. Therefore clinical
experience of this drug spans a longer time than most of the newer antiepileptic drugs.!
Vigabatrin is a structural analogue of the inhibitory neurotransmitter gamma-aminobutyric
acid, more commonly referred to as GABA, and it produces its antiepileptic effect by
irreversibly inhibiting the degradative enzyme GABA transaminase.2~ This leads to an
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increase in the levels of GABA in the brain and the retina.® The levels of GABA are
selectively higher in the retina.t

Vigabatrin is used as initial monotherapy in Europe and Canada in patients with infantile
spasms and as add-on therapy in patients with partial-onset seizures.” It was also approved
in the United States in August 2009 for treatment of infantile spasms and as an adjunctive
agent in the treatment of refractory complex partial seizures in adults.

In the early years of its clinical use, there was concern of its potential neurotoxic effect.
Animal studies had shown that doses as low as 30 mg/kg caused intramyelinic vacuolation
or edema in specific areas of rodent and dog brains, primarily the hippocampus, cerebellum,
and visual pathways.8 These microvacuoles were reversible when vigabatrin was stopped.
Delayed conduction times using visual evoked potentials were found to correlate with the
onset of vacuolation in dogs, as detected by magnetic resonance imaging (MRI).° With
clinical use, over 500 patients were followed using MRI and visual evoked potentials with
no indication that microvacuolation occurs in humans.? Further studies have described
reversibility of MRI defect in infants.10.11 |n 1997, Eke et al reported 3 patients receiving a
variety of antiepileptic drugs including vigabatrin showed symptomatic constriction of the
visual field.11

Electroretinogram abnormalities have been identified in these patients with visual field
defined toxicity.1213 The cone b-wave and 30-Hertz flicker parameters have demonstrated
the best correlation with vigabatrin-induced visual field loss, with high sensitivity (100%)
and specificity (75%).12 More recently animal studies have reported light dependence as a
factor in the development of the retinal toxicity.14.15

The true prevalence of visual field defect in patients receiving vigabatrin is unknown.
Figures range from 14% to 929%16:17 with a lower rate of toxicity reported in pediatric
patients. In the infant population with infantile spasms, visual field assessment, which
requires attention and cooperation, has not been found to be a good measure of toxicity.
Instead electroretinogram assessment is the measure used to identify toxicity. The risk
factors for developing toxicity are equivocall8; some association has been identified with
male gender,1® cumulative dose,?0 and duration of therapy.2! The changes are generally
believed to be lifelong; however, a recent report shows partial recovery after reduction in
dose or discontinuation of therapy.22

Published studies report the incidence of toxicity in patients receiving vigabatrin as add-on
therapy. A recent study at our center?? followed the electroretinogram responses in a
pediatric population treated with vigabatrin. They reported that the incidence of any
vigabatrin-induced defect was 54% (39.5 cases per 100 subject years). The incidence of
sustained abnormality was 25% (15.3 cases per 100 subject-years). The group of patients
who were treated with vigabatrin and “other antiepileptic agents in combination” showed the
earliest onset of abnormality versus the vigabatrin monotherapy group.
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The purpose of this study is to assess the effect of add-on anti-epileptic drug therapy has on
retinal toxicity in patients being treated with vigabatrin.

This was a single center retrospective observational study. Our study population was
identified from the ophthalmology vigabatrin study database, which has been collecting data
since 1999 at our institution. Ethical approval was obtained from the hospital’s Research and
Ethics board. We examined the register between the period of January 1999 and December
2009. All data obtained were encoded with patient identifiers removed. Medications
received, dosages, and durations were reviewed and correlated with electroretinogram
results. Definite toxicity was defined as a quantitative reduction in amplitude (using defined
normative values) between baseline and follow-up measurements of 30-Hertz flicker
response, which was present on at least 2 consecutive occasions. Adequate data were defined
as at least 3 visits with completed electroretinogram studies, including B wave amplitudes.
Age-specific normative values for the electroretinogram parameters were determined from
the large normative dataset in our institution. Age specificity is essential because the infant
retina undergoes rapid development during the first months and years of life.

Statistical analysis was performed using commercially available software and a P value of
less than .05 was considered statistically significant.

During this 10-year period, we identified 446 children treated with vigabatrin therapy. Data
from children 1 month to 18 years of age, who received vigabatrin as monotherapy or add-
on therapy, were analyzed. These children received vigabatrin for treatment of infantile
spasms, in the infant population, or refractory partial onset seizures in the older children. We
identified 247 patients who received vigabatrin and had electroretinogram studies performed
to evaluate the development of retinal toxicity. One hundred sixty of these had adequate
electroretinogram data to determine if toxicity was present. Seventy-three were treated with
vigabatrin monotherapy and 87 with add-on vigabatrin. The add-on vigabatrin group was
treated with a combination of 7 medications and between 1 and 4 agents used together. The
medications involved were phenobarbital, clonazepam, lamotrigine, valproic acid,
adrenocorticotropic hormone, prednisolone, clobazam, topirimate, and carbamazepine. The
majority received vigabatrin in combination with 1 other medication.

Strictly defined toxicity (electroretinogram reduction from baseline on at least 2 consecutive
occasions) was detected in 18 of the 160 patients (11.25%). Electroretinogram reduction is
defined as reduction greater than normal limits. The 95th percentile of normal intervisit
variability where is 50% reduction in the electroretinogram flicker response. Of the 160
patients 18, 14 (77%) were in the group of patients being treated with multiple antiepileptic
drugs and vigabatrin as add-on therapy (P =.0018). Figure 1 illustrates a normal
electroretinogram response on the left compared with 1 showing vigabatrin related retinal
toxicity.
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Further analysis of the patients with retinal toxicity on electroretinogram found no difference
between those in the vigabatrin monotherapy group and those with additional anti-epileptic
drugs in terms of their total dose of Vigabatrin, maximum dose of vigabatrin received, age at
onset of vigabatrin therapy, duration of vigabatrin therapy, and number of electroretinograms
performed and found no statistical difference between the groups. We examined the add-on
therapy group to assess whether number of antiepileptic drugs was associated with an
increased toxicity and found it was not. We examined the add-on antiepileptic drug looking
at what agent was used and there was no difference between the group who developed
toxicity and those who did not. Similarly there was no statistical difference whether the
medication exhibited GABAergic mechanism of action or not in relation to the development
of toxicity.

Discussion

Much debate surrounds the potential risk factors for development of and mechanisms of
development of retinal toxicity in patients receiving vigabatrin. The true incidence is
uncertain.

The mechanism of vigabatrin-induced retinal toxicity is generally presumed to be GABA
mediated. An interesting study by Kinirons at al4 looked at whether there may be a genetic
predisposition among the patients who develop this toxicity. They examined 6 candidate
genes; however, they failed to identify a replicable association.

Another study4 examines the possibility of light-dependent retinotoxicity in these patients.
In this animal study, using albino rats, it was shown that vigabatrin’s mechanism of toxicity
is light-dependent rather than GABA-dependent. Thus, this may explain the difference in
incidence of toxicity according to climate/geographic location. Another study also examined
light dependence in the development of vigabatrin-related retinal toxicity and found similar
results examining both electroretinogram amplitude and retinal layer.1®> Most studies
reporting toxicity involve patients receiving vigabatrin as add on therapy not monotherapy.
11,25-29 Therefore, one may propose a possible additive or cumulative effect of additional
antiepileptic drugs (whether GABAergic or not) in this evolution of toxicity.

Kalviainen et al examined the incidence of visual field defects in patients receiving
vigabatrin monotherapy versus carbamazepine.3? They reported an incidence of 40% with
some visual field defect in their group treated with vigabatrin monotherapy and none in the
group receiving carbamazepine. Of the 40%, 9% had severe defect identified using
perimetry. They reported a typical consistent concentric pattern of defect detected by
perimetry in all patients. They concluded that, even if patients are on multiple antiepileptic
drugs, the pattern of visual field defect can only be explained by a single common factor,
namely vigabatrin therapy.

Vigabatrin causes bilateral concentric visual field constriction!? which is more pronounced
nasally than temporally.31 The pattern of visual field constriction can vary from nasally
predominant to a pattern of more central involvement and thus is not always a
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pathognomonic pattern.32 Associated with the visual field loss are changes in the retinal
nerve fiber layer.33:34

In our study of 160 patients, we detected an overall incidence of 11.25% of visual field
defect. This is likely due to the strictly defined criteria for definite abnormality. We detected
a significantly higher percentage of toxicity in the group of patients treated with vigabatrin
and additional antiepileptic drugs. This increased toxicity may represent a cumulative effect
of other GABAergic antiepileptic drugs acting in conjunction with vigabatrin to produce
additive toxicity. It has been postulated that valproic acid, by causing an increased retinal
concentration of GABA, may lead to increased toxicity. Alternatively other antiepileptic
drugs may have retinotoxic effects by an independent mechanism. Carbamazepine has been
shown to induce electroretinogram changes. It causes a reduction in amplitude of another
measured parameter (b amplitude) in the photopic electroretinogram.12 Our numbers with
toxicity were small, and the variety of additional antiepileptic drugs meant we were unable
to draw any conclusions on whether specific antiepileptic drugs may be associated with an
increased risk. Another study limitation was that none of our patients had formal visual field
perimetry performed. For many, this decision was due to patient age or developmental
ability and it was believed that most would not be able to comply with formal visual field
testing.

The search for potential protective agents against vigabatrin-induced retinal toxicity is under
way, with one recent publication suggesting taurine as a potential protective agent.1> Taurine
deficiency is known to produce retinal toxicity in animal studies.1® Light exposure in the
setting of taurine deficiency potentiates this photoreceptor degeneration.3> Jammoul et al
performed randomized study of rats treated with vigabatrin and found that a low level of
taurine was highly correlated with both the electroretinogram amplitudes and cone densities
in their animals. They supplemented a group of their vigabatrin-treated rats with taurine and
found that their electroretinogram amplitude was greater than those treated with vigabatrin
without supplementation. They retrospectively evaluated 6 infants who were treated with
vigabatrin for infantile spasms and found that 5 of the 6 had low serum levels of taurine.
Recent animal studies suggest that taurine may have antiseizure effects.36:37

Conclusion

The prevalence of toxicity detected by electroretinogram was 11.25% in this pediatric
cohort. We plan to review our patients with electroretinogram toxicity and assess visual field
perimetry where possible to confirm the extent of their visual field defect. We detected a
significantly higher percentage of toxicity in the group of children treated with vigabatrin
and additional antiepileptic drugs. Our sample size did not provide sufficient statistical
power to detect which antiepileptic drugs or combination of antiepileptic drugs that might be
associated with higher risk, although we postulated a GABAergic effect may be likely.
Further studies are indicated to assess the potential additive deleterious effects of other
antiepileptic drugs in causing retinal toxicity. Vigabatrin may not be acting alone in patients
who develop toxicity, and the identification of the underlying etiology of their seizures may
also impact on development of retinal toxicity.
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Figure 1.
Electroretinogram traces showing flicker response and cone response. The subject is a child

who began vigabatrin at 5 months of age and had electroretinogram testing at approximately
6-month intervals during vigabatrin treatment and after vigabatrin treatment (labeled age
off). The last waveform (gray electroretinogram trace) is data recorded from a 30-month-old
control (with normal vision). Adapted from: Westall CA, Nobile R, Morong S, Buncic JR,
Logan WJ, Panton CM. Changes in the electroretinogram resulting from discontinuation of
vigabatrin in children. Doc Ophthalmol. 2003;107:299-3009.
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