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Abstract Vigabatrin has been an important anticonvulsant drug for over 10 years with

a reputation for high efficacy and excellent tolerability. However, since 1997,
there have been over 25 reportsintheliterature of visual field defects attributable
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to the use of this agent. Most are case reports and many have only been reported
asabstracts or postersor asletters or short communications. Only asmall number
of papers give details of patient characteristics. Typically, case reports detall
ophthalmological tests such as visual acuity, funduscopic examination, integrity
of colour vision, and the nature of the field cut. Many also include various elec-
trophysiological tests which were performed in an attempt to further describe the
nature of the visual changes. In order to shed light on the mechanism underlying
these visual field changes, many investigators also tested various €l ectrophysio-
logical parameters. However, because el ectrophysiological testing requires con-
siderable expertise on the part of the technician, this could be a source of
variability in results and may aso pose a challenge with data interpretation.

The magnitude of the problem is difficult to assess. The manufacturer’s esti-
mate of incidence of visual field defectswith vigabatrin was approximately 0.1%,
but incidences estimated in the literature range from 6 to 30%. Since the majority
of the published data are in case report form, proof of causation is also very
difficult. Two papers that used proper scientific methodology to investigate this
condition suggest that vigabatrin causes these changes; however, there needs to
be further studies with larger populations to answer this question definitively.
Thereisalack of data on the dose-response characteristics of vigabatrin and the
development of visual field defects. The only available data are reports of trends
that implicate duration of therapy or cumulative dose. Perhapsthe most important
areato elucidate iswhether or not the visual field defects arereversible. Dataare
scare on this subject, but we can hope that datawill emerge as follow-up periods
become more substantial.

There is a need for more complete information regarding several aspects of
the mechanistic basis of visual field defects associated with vigabatrin that will
alow rational clinical decision making. The treatment choices, both pharmaco-
logica and nonpharmacological, for patientswith refractory epilepsy havegrown
substantially inthelast few years. Thus, it isdoubtful that the clinical positioning
of vigabatrin islikely to change in the future from that of avery valuable ‘niche
drug’, with emphasis on paediatric usage.

Vigabatrin,

a structural analogue of vy-

tice in over 40 countries. Since its introduction it

aminobutryric acid (GABA), was synthesised in
1974 asthefirst ‘designer’ anticonvulsant drug. It
actsas an irreversible inhibitor of GABA transam-
inase, the enzyme that degrades GABA, thus in-
creasing GABA levelsinthebrain. Since GABA is
the principal inhibitory neurotransmitter in the
CNStheincreased levels would be expected to in-
crease the threshold for seizures. Indeed, this has
been demonstrated in experimental models of sei-
zuresin animals.[!

The drug was first licensed in Britain and Ire-
land in 1989 and iscurrently in usein clinical prac-
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has proved effectivein treating seizuresin both adult
and paediatric patients. It is especially successful
in treating infantile spasms, a catastrophic form of
childhood epilepsy. The drug’s approval inthe US
was initially delayed because of concerns regard-
ing toxicity to the white matter in the brains of
experimental animals.[23] However, this appearsto
be species specific and has not been demonstrable
in humans either by magnetic resonance imaging
(MRI), electrophysiological measures,[4 or direct
neuropathological examination.[571 More recently
there has also been evidence that this toxicity isin-
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creased in the developing rat brain (e.g. compared
with theadult animals),[8 but that itisalso partially
reversible upon drug withdrawal .[%!

However, in 1998 the US Food and Drug Ad-
ministration notified the manufacturer, Hoechst
Marion Roussel (now Aventis), that the drug was
‘not approvable’. This stems from concerns about
recent data regarding visual field defects associ-
ated with and possibly attributable to the drug,
since the first case report published in 1997. Eke
and colleagues described 3 patientstaking vigabat-
rin with severe and persistent concentric visual
field defects.[’% Over the next 12 to 24 months,
many more case reports appeared in the literature
and were presented at various scientific meetings
in neurology, epilepsy, and ophthalmology. Only
in the last year have more papers been published
attempting to further elucidate this problem by
looking at possible mechanisms, trying to estimate
its prevalence, and finally proving the causal rela-
tionship to vigabatrin.

This review examines published data ranging
from simple case reports (published aslettersor in
abstract form) to papers presenting detailed visual
field analyses and electrophysiological data in
symptomatic and asymptomatic patients. As these
data emerge, many questions regarding the future
of vigabatrin are raised: has a causa relationship
been proved; what is the true incidence; are there
risk factors for developing visual problems, and if
so what are they; how might these problems be
monitored for development or progression in pa-
tients who are asymptomatic and/or cannot coop-
erate with behavioura testing; are the deficits pro-
gressive; and further are they reversible upon
discontinuation of the drug; are there age related dif-
ferencesin risk of occurrence and or reversibility;
and finally what are the analyses regarding risks
versus benefits?

1. History and Nature of the Visual
Problems Associated with Vigabatrin

Since 1997, there have been over 25 reportsin
the literature of visual field defects attributable to
the use of vigabatrin. Most aresingle or small sam-
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ple case reports and many appear as abstracts of
papers or posters presented at scientific meetings
or as letters or short communications. There are
only a small number of papers that give details of
patient characteristics and specific ophthalmolog-
ical tests (including electrophysiological tests) that
were done to further describe the defects and elu-
cidate possible mechanisms.[10-16] The results are
highly variable even in these studies.

Obviousdly, there has been great concern over
the existence of asymptomatic cases, especially af-
ter the rather sudden appearance of so many symp-
tomatic cases, years after widespread use of the
drug. Historically, it has been known from diseases
such as retinitis pigmentosa or tumours that com-
press the optic chiasm that symptoms of visua field
lossarediscerned by the patient only at arelatively
advanced stage of the disease. Prevalence and cau-
sality, using reasonably large patient populations
and nonvigabatrin-exposed control groups, have

been investigated in only a small number of stud-
jes,[14,17-21]

2. Ophthalmological Assessments

Typicaly, case reports detail ophthalmological
tests such as visual acuity, funduscopic exam, in-
tegrity of colour vision, and the nature of the field
cut. These datawill be described in general in the
following sections and are detailed in table I.
Many a so include various electrophysiological tests
which were performed in an attempt to further de-
scribe the nature of the visual changes. These data
are summarised in the next section and detailed in
tablell.

2.1 Visual Acuity

There are many studies where ‘blurred vision’
is given as the presenting symptom to physicians,
but only a small number report significant visual
acuity change. One paper described 2 of 25 patients
with acuity outside the normal range.[*8! In another
case report of diminished visual acuity the patient
also had bilateral optic atrophy and macul opathy.[22
Since there was no mention of whether the patients
had had formal visual assessment prior to taking

Drug Safety 2001; 24 (5)



‘PonISsal SUBL |V PO [OUOLOUISIU| SIPY ©

(9) ¥z 1100z Ave40s Bnigabnia

Table I. Ophthalmological assessments of patients receiving vigabatrin reported in case reports and abstracts

Reference No. of patients  Acuity Funduscopic Colour Symptoms VFD
Eke et al.[20] 3 Normal Slightly pale optic discs NA Tunnel vision, Concentric in 2, nasal predominance in 1
in2 constriction of peripheral
fields, bumping into
objects
Wilson & Brodiel?2 1 Impaired Bilateral optic atrophy NA Blurred, loss of Full, but only tested by confrontation
peripheral vision
Wong et al.[23l 1 NA Optic disc pallor NA Bumping into things Restricted temporal fields by optician, marked
constriction by ophthalmologist
Blackwell et al.24 1 NA Normal NA Bumping into people ‘Less severe than Eke et al. 1997’
Harding[25] 2 (plus the 3 NA NA NA NA Constriction ‘similar to’ Eke et al. 1997
original Eke pts)
Mackenzie & Klistorner(26l 2 NA NA NA None Subtle binasal defect by Humphrey with
additional superior defect by Goldman in 1,
binasal by Humphrey in 1
Rao et al.[27] 11 NA NA NA None ‘Appreciable changes’ by Humphrey
Beran et al.[?8] 5 NA Acute macular NA None Gross concentric constriction of VF in 1, others
neuroretinopathy in 1, NA
optic atrophy in 1,
elevated intraocular
pressure in 1, others NA
Baulac et al.l29 3 NA NA NA Pts with pre-existing VF narrowing confirmed by perimetry
VFDs complained of VF  (Goldman and/or automated)
narrowing
Acheson[30] 5 NA NA NA NA Major field defects outside 25 deg nasally and
40 deg temporally
Kramer et al.31] 4 NA NA NA NA Bilateral concentric VFD
Vanhatalo & Paakkonenl32 2 paediatric NA NA NA None in 1, not able to Bilateral concentric VFD (superimposed on
assess the other known hemianopsia in 1)
Versino & Veggiottil33 1 paediatric Normal Normal NA Bumping into objects Severe bilateral VF constriction by automatic
testing
Krauss et al.[13] 4 20/20 to 20/50 Normal in 2, surface Normal  Bumping into things in 1, Constricted by both static and kinetic perimetry
wrinkling retinopathy in 2 blurred in 1, constriction  in 2, normal by static but constricted by kinetic
of peripheral visionin1  in 1, normal by static in 1
Ruether et al.[34] 1 Normal Normal NA Constriction of VF Concentric constriction of 20-30 deg by

Humphrey & Goldman

deg = degrees; NA = not assessed; pts = patients; VF = visual field; VFD = visual field defect.
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Tablell
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vigabatrin, it is impossible to state that the visual
acuity was related to vigabatrin usage. In the sam-
ple from The Johns Hopkins Hospital reported by
Miller et a.l* and Johnson et al.,[3% decreased
acuity was noted to have developed during treatment
with vigabatrin. However, in the majority of stud-
ies visual acuity was reported as normal or unaf-
fected.

2.2 Other Testing

In the few studies which specifically mention
colour vision, there are only rare reports of abnor-
malities associated with vigabatrin use.l143% |n a
study where disturbancesin colour vision werere-
ported in nearly one-third of patients taking viga-
batrin, asimilar incidence was observed in patients
taking carbamazepine.[38 The same authors also
reported in another paper that while vigabatrin had
no effect on glare sensitivity, abnormalitiesin con-
trast sengitivity could be discerned in those patients
that had sustained avisual field defect.[3"]

2.3 Funduscopic Examination

Whilemost authors described normal fundosco-
py, there are several reports of abnormal retinal
exams in the literature. The most commonly re-
ported abnormality was a‘pale disc’ or mild optic
nerve pallor.[101218.23] There are also rare reports
of retinopathy.[13.281 Miller and colleagues describe
‘nonspecific retinal abnormalities’ in 72% of their
patientsincluding retinal artery narrowing, epireti-
nal membraneformation, anirregular sheen (or ab-
normal macular pigmentation) and reductioninthe
peripapillary nerve fibre layer.[1¥ Since patients
had not been formally tested prior to starting the
drug, itisimpossibleto attribute any of these changes
to vigabatrin per se. However, thereport by Miller(14]
does state that there were no funduscopic abnor-
malities in any of their 10 nonvigabatrin-exposed
control patients.

2.4 Visual Fields

The majority of case reports are descriptions of
patients who presented with symptomsreferableto

Drug Safety 2001; 24 (5)
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Table Il. Electrodiagnostic testing of patients on vigabatrin reported in case reports and abstracts

Reference No of patients VEP EOG ERG

Eke et al.l10 3 Normal Low Arden indexes in 2 of 3 Reduced oscillatory potentials in 2 of 2 tested

Wilson & Brodiel?2] 1 Normal Flat Subnormal rod & cone ERGs

Wong et al.l23] 1 ‘Similar to Eke’ ‘Similar to Eke’ ‘Similar to Eke’

Blackwell et al.24 1 NA Normal Normal

Harding25] 2 plus the 3 Eke NA Normal Normal

Mackenzie & Klistorner!26] 2 NA NA Multifocal ERG with decreased summated action
potential, particularly b-wave, mild-moderate decreased
b-wave amplitude

Kramer et al.[31 NA Decreased Arden in 1 NA

Krauss et al.[13]

Ruether et al.[34]

Delayed in 1, normal in 3

Normal

NA

Normal Arden

Decreased b-wave in all 4, decreased oscillatory
potentials in all 4

Standard ERG basically normal, low b/a ratio, reduced
2nd oscillatory potential, cone and 30Hz flicker at low
end of normal, multifocal ERG with abnormal wave
forms in the affected areas

EOG = Electro-oculogram; ERG = Electroretinogram; NA = not assessed; VEP = Visual evoked potential.
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visual field defects (e.g. tunnel vision, bumping
into things). These patients were subjected to for-
mal visual field testing with some investigators us-
ing static or automated perimetry testing (e.g.
Humphrey) and othersusing kinetic perimetry test-
ing (e.g. Goldmann). Static or automated perimetry
testing only extendsto 60 degrees (sometimesonly
to 30 degrees). Kinetic testing may be preferable
for evaluating the far periphery. It should be noted
that perimetry testing, whether static or kinetic, is
dependent both on the expertise of the examiner and
the cooperation of the patient.

Most patients were found to have bilateral con-
centric constriction of thevisual fields. Therewere
also some reports showing relative sparing of the
temporal portion of the fields or more selectivein-
volvement of the nasal portion.[151819] There have
also been reports of selective involvement of tem-
poral fields.[1314

Issues of operator expertise and participant co-
operation are important to consider when evaluat-
ing data quality in the literature. Thereisbound to
bevariability in the expertise of the examiners, and
there will almost certainly be cooperation errors
among a population of patients with long-standing
epilepsy, many of whom have subnormal mental
capacity. (This excludes testing a large population
of childrenwho are not old enoughto be considered
reliably cooperative.)

3. Electrodiagnostic Testing

In order to shed light on the mechanism under-
lying these visual field changes, many investiga-
tors also tested various electrophysiological pa-
rametersincluding visual evoked potentias (VEP)
or responses, electro-oculograms (EOG), and el ec-
troretinograms (ERG). Because el ectrophysiol ogi-
cal testing requires considerable expertise on the
part of the technician, this could be a source of var-
iability in results and may also pose a challenge
with datainterpretation. Thelarger studiesaredis-
cussed in detail in the text that follows. Data from
the casereportsand abstractsare summarised inthe
following sections and in table I1.

0 Adis International Limited. All rights reserved.

3.1 Visual Evoked Potentials

Many investigators have evaluated the integrity
of VEPs because of the white matter toxicity that
had been reported in experimental animals. The
majority report normal results suggesting that
vigabatrin has no toxicity on optic nerve or tract
function.[4.10.22:3438] There are some reports of ab-
normal results. One of the 4 patients reported by
Krauss and associates 23l and 229% of the 32 patients
reported by Miller et al.[*4 (note that this group
includes the 4 patients from the Krauss paper) had
abnormal VEPs. Gross-Tsur and colleagues®! also
found 5 of their 15 paediatric patients (33%) had
abnormal VEPs. There were 30% of patientsin the
Daneshvar et al.['2 study with abnormal VEPs;
however, the authors suggest that this abnormality
may gtill be areflection of aretinal phenomenon and
not optic nerve toxicity per se because these were
the same patients who showed deficits in the cen-
tral visua field.

Thereis 1 paper in the literature where vigabat-
rin is specifically implicated as the cause of optic
nerve damage.[3% The authors present a case report
of optic neuropathy in an 8-year-old girl receiving
vigabatrin therapy which reversed with corticoste-
roid treatment and removal of drug. Interestingly,
there was no report of visual field testing, which
meansthe phenomenon may havebeen acaseof optic
neuritisthat responded well to corticosteroids, with
no vigabatrin component.

3.2 Electro-Oculogram

Some investigators have reported abnormalities
inthe EOG. The EOG teststheintegrity of theretinal
pigment epithelium (RPE) and RPE-photoreceptor
outer segment complex. Perhapsthe most frequent-
ly reported measure in the EOG isthe Arden index
or ratio. Thisis obtained by calculating the differ-
ence from the peak amplitude during light adapta-
tion (light peak) and the minimal potential during
dark adaptation (dark trough). This index was be-
low normal in 2 of Eke's original 3 patients/1® and
in a patient described by Kramer et al.[31 A ‘flat’
EOG was described in a patient reported by Wilson

Drug Safety 2001; 24 (5)
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and Brodie.[22l However, there are just as many
reports of normal EOGs in patients with proven
visual field defects who are symptomatic.[24.25:34]
In fact, the low Arden indexes were not confirmed
when the same patients reported by Eke were re-
tested by Harding.[2! Therelationship of thisfind-
ing to the visual field defects must therefore be
questioned.

The data appears to be similarly ambiguous
among larger groups of patients. Arndt et al.[%] re-
port a decreased Arden index in 14 of 20 patients,
but not all of these patients had documented visual
field defects. While all of the patients with severe
visual field defects did show abnormal Arden ra-
tios, therewere anumber with abnormal EOGsthat
had normal visual fields and anumber with mildly
abnormal fieldswith normal EOGs.[* The authors
demonstrated that there was no linear relationship
between severity of visual field defect and reduc-
tion of the Arden ratio.

Daneshvar and colleagues’? reported abnormal
Ardenratiosin5 of their 10 patients, all of whom had
abnormal fields. However, the other 5 patientswith
normal EOGsalso had abnormal fields.!'2 Lawden
and colleagued 8! reported abnormal Arden ratios
in al patients in their cohort who were receiving
vigabatrin at the time of testing, but again, not all
of these patients had abnormal visual fields. Also
interesting isthat these abnormalitieswere consis-
tently reversible upon withdrawal of the drug. How-
ever, the Arden index change was not related to the
degree or thereversibility of the actual visual field
defect. This suggests that the changesin Ardenin-
dex merely reflect vigabatrin’sinfluence on GABA-
ergic cells in the retina, and have no causal rela-
tionship to the development of visual field defects.[18]

Harding and colleagues*? tested this theory in
healthy volunteers exposed to ashort course of viga
batrin. They found that while there were no changes
in visual field (measured with a Humphrey anal-
yser) there was a significant decrease in the group
mean Arden index between baseline and day 9.
Thisoccurred only with vigabatrin and not with carb-
amazepine or placebo. They suggest that thisresult

0 Adis International Limited. All rights reserved.

issimply areflection of altered GABA levelsinthe
retina.

In summary, EOG changes occur after a short
exposure time, are reversible upon drug withdrawal
and do not correlate with the presence or severity
of avisual field defect (especially the absence of
any abnormality even in the presence of visua field
defect). Therefore, there appears to be insufficient
evidence that an alteration in Arden index is the
mechanism for visual field defect development in
patients exposed to prolonged use of vigabatrin.
Unfortunately, it also makes EOG less useful as a
tool for following the asymptomatic patients or
thosethat cannot participatein detailed visual field
testing (e.g. young children or patients with anin-
tellectual handicap).

3.3 Electroretinogram

Other studieshavereported abnormalitiesinthe
ERG. As with the EOG, there are some reports of
normal results even in the face of visua field de-
fects.[15.18.24.25] Apnormal responses have been re-
ported using a special technique of multifocal
ERG,!18 particularly the b-waves.[?8] However
Ruether and colleagues'34 found abnormalitiesin
the various measures of the conventional ERG but
not when using the multifocal technique.

There is aso conflicting evidence to support
which individual measure in the ERG isabnormal.
In some of the reports of small numbers of patients
with abnormalities, normal a- or b-wave responses
were found (the a-wave chiefly reflects the func-
tional integrity of the rods and the cones, whilethe
b-wave represents the functioning of the middle
retinal layers) but with decreased oscillatory po-
tentials (which representstheactivity of the amacr-
ine cells).[1034 Arndt and colleagues™! tested 20
consecutive patients and found normal a and b-
wave potentialsin all participants but abnormal os-
cillatory potentialsin 50%. The potential swere ab-
sentin all of the casesof severevisual field defects,
but were normal in some cases of mild visual field
defect. There were also abnormal potentialsin pa-
tients without any visual field defect. The absence
or reduction of oscillatory potentialsis thought to

Drug Safety 2001; 24 (5)
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berelated to the effect of vigabatrin on the activity
of highly GABA-ergic amacrine cellsin the retina
and may suggest midretinal layer dysfunction.[11]

Other papers report normal oscillatory poten-
tials but abnormalities in the a and b-waves; and
these vary whether they are tested in photopic (e.g.
cone) or scotopic (e.g. rod) conditions. Daneshvar
and colleaguesi'? screened a sample of 41 consec-
utive patients who were taking vigabatrin. There
were 12 patients with visual field defect. In 10 of
the 12 patients who were studied further, oscilla-
tory potentialswere normal, but therewerereduced
amplitudes of b-wavesto scotopic (e.g. rod) testing
in4 and to photopicflicker testingin 1. Conversely,
Krauss and colleagues3! tested 4 symptomatic pa-
tients and found abnormal fieldsin 3 of them. Os-
cillatory potentials and cone response amplitudes
werereduced in all 4 patients. Rod response ampli-
tudes were decreased in 1 eye in 2 patients. The
authors suggest that dysfunction in the cone sys-
tem, theinner retinal layersand especially theama-
crinecellswasthe cause. In alater paper by the same
investigators, they suggest that the absence of sig-
nificant changes seen by the Daneshvar grouplt?
may have been related to the use of different or ‘non-
standard’ methodologies of recording oscillatory
potentials.[3%

Miller and co-workers4 evaluated 32 patients
exposed to vigabatrin (including the 4 patients re-
ported by Krauss) and found that all of them had
severely depressed oscillatory potentials and b-
waves for rod and cone systems. They further re-
port that 1 specific parameter of the ERG, the reduc-
tion in the amplitude of the flicker responses of the
cones, actually showed asignificant correlation with
the degree of visua field constriction. They sug-
gest that this represents inner retinal dysfunction.

Kélviginen and associates'!”] performed ERGs
on patients found to have visua field constriction
and report that all of those with severe visud field
defect and 60% of those with mild visual field de-
fect had reduced oscillatory potentials. Patients
with severe visual field defect also had reduced
a-and b-wave amplitudes in both cone photopic
and rod scotopic testing.

0 Adis International Limited. All rights reserved.

In the most recent study, specifically designed
to separate electrophysiol ogical changes related to
current use of vigabatrin from those actually attrib-
uted to vigabatrin-associated visual field defect,
Harding and coll eagues 1! tested patients presently
or previously exposed to vigabatrin and compared
them to vigabatrin-naive patientswith epilepsy and
to normal controls. They found that the latencies of
the scotopic a-wave and the second oscillatory po-
tential were prolonged in current compared to past
vigabatrin users, al with significant visual field
defect. This suggests that these measures are more
related to current vigabatrin use than to the pres-
ence of the visua field defect.

Using receiver operator characteristics curves,
they went on to look at the variables related to the
presence and severity of vigabatrin visual field de-
fect. They report that the predictive values of the
photopic a-wave latency and a-b amplitude, the
30Hz a-wave latency and a-b amplitude and the
latency of the first oscillatory potential all in-
creased with increasing severity of the visual field
defect. They conclude that the ERG variable most
consistently associated with the presence of viga-
batrin visual field defect isthe 30Hz flicker ampli-
tude. Using a threshold value of <0.52 microvolts
they report a sensitivity of 100% and specificity of
75%. Adding the presence of an abnormality in ei-
ther the photopic a-b wave or the first oscillatory
potential, made the specificity rise to 83%.

Whilst abnormalities in ERG may be the most
consistent electrophysiological abnormality in the
literature, there have also been reports of a high
percentage of abnormal ERGsin the absence of any
visual field defects in patients receiving vigaba-
trin.[18l |n the most recent study, Harding and col-
leagues®! found increased latency of the second
oscillatory potential in the vigabatrin-exposed
group compared to the nonvigabatrin-exposed ep-
ilepsy patients. However, this was in the absence
of any visual field defect. In another study, Har-
ding#9 tested healthy participantswith short expo-
sureto vigabatrin and found normal scotopic ERG,
normal oscillatory potentials, but significantly al-
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tered b-wavesin the photopic ERG. Again thiswas
in the absence of any changein visual field.

The presence of abnormalitiesin the absence of
any visual field change callsinto question the clin-
ical significance of these findings. Obvioudy, there
is the hope that they could be used as a harbinger
of the emergence of the deficits.

While there are not any prospective studies de-
signed to directly test this hypothesis, there are
some data suggesting that it may be true. Duckett
and colleagues*!] tested alarge number of patients
taking vigabatrin with ERG and found abnormali-
tiesin 36 of 140 of them. Specifically, there were
delayed latencies and reduced amplitudes in the
b-waves as well as reduced oscillatory potentialsin
the light-adapted (e.g. cone) condition. Only 1 of
these patients actually had achangein visual field.
It should be noted that these dataare only available
in abstract form and the details of the visual field
testing are not included. Given that thiswas a pae-
diatric sample, it could be argued that visual field
testing was not adequate to detect some abnormal-
ities because of poor cooperation.

Importantly, further follow-up on some of these
same patients suggests a strong relation between
the presence of visual field defectsand progressive
ERG changes. Brigell and colleagues? found that
in 14 patientsin the open-label extension trial with
visual field defects, therewere 11 who had progres-
sion of ERG abnormalities over time, thus giving
ERG changes a 78% sensitivity. However, they
also found that 23 of the 46 patients without any
field constriction also had progression of ERG
changes, which limited specificity. Unfortunately,
both data setsare presented in abstract form, which
makes it difficult to examine them critically. How-
ever, thisisprobably the most compelling evidence
of the use of the ERG to predict the emergence of
visual field defects.

Thus, there appears to be more data with the
ERG than with other tests, to support that various
measures in the ERG may correlate with the pres-
ence and/or severity of the visual field defect. There
is even some evidence that this may be useful in
predicting the occurrence of the vigabatrin-visual

0 Adis International Limited. All rights reserved.

field defect. However, there is still enough con-
flicting data regarding which specific part of the
measurereally showsthedefect to bewary of using
the ERG as the definitive electrodiagnostic mea-
sure to follow or predict the emergence of visua
field defect with vigabatrin.

4. Estimates of Prevalence

Thefirst estimates of prevalence of vigabatrin-
associated visual field defects were made by the
manufacturer. They used information on the ad-
versedrug event registry about patientswith symp-
tomatic visual field defects. At the start of 1997,
the manufacturer had received very few reports of
any visual disturbance associated with the use of
vigabatrin and they estimated the prevalence at
0.14%. However, increasing numbers of cases
were documented after the first report appeared in
the literature.[19 [t is not clear why this happened;
however, the reports garnered the attention of the
neurological community, which may have led to
more systematic investigation.

Since it is impossible to base true prevalence
estimates on case reports, severa investigators be-
gan more widespread testing of all patientsreceiv-
ing vigabatrin therapy. This brought the first
asymptomatic cases to light and prompted the de-
sign of afew prospective studiesin order to inves-
tigaterigoroudly the actual prevalence of visua field
disturbances in patients treated with vigabatrin.

4.1 Symptomatic Visual Field Deficits

According to the manufacturer, by June 1997
there had been 92 cases of visual disturbance re-
ported among 170 000 treated patients (i.e. inci-
dence of 0.05%), but 7 among the 1941 in clinical
trial s (0.4%) [numberscited by Black].[3] After the
Eke report, Wong and colleaguesi?3l were prompt-
edtoreview resultsof their largelong term efficacy
study and found only 1 case with suspected con-
striction of visual fields in 713 patients (0.14%).
Based on epidemiological data reported to the man-
ufacturer from 1990 to 1997, Harding also re-
ports an incidence estimate of 0.14% or 14.5/ 10 000
patients per year with symptomatic visual field dis-
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turbancel#4 (citing an internal report from the com-
pany).

Black attempted to make an estimate of symp-
tomatic cases in Australia using the number of re-
ports collected viathe adverse drug response data-
base and found only 20 cases (10 severe, 10 mild)
in the entire country.[43] A follow-up paper, sup-
ported by the manufacturer cited 136 spontaneous
reports of visua field loss associated with viga-
batrin reported to the manufacturer by March 31,
199819 making an additional 44 casesin lessthan
ayear.

Beran and colleagues?® presented preliminary
results at the Third European Epilepsy Congressin
1998 showing visual field defects in only 2 of 28
unselected patients receiving vigabatrin therapy
only 1 of whom was symptomatic. Krauss and col-
leagues' 3! report 4 patients with visual complaints
(2with field constriction and 2 with blurred vision)
inasample of 38 patientstaking vigabatrin through
a research study. Interestingly only 3 of these 4
patients had abnormal visual fields when formally
tested with kinetic perimetry. Five of 19 patients
(26%) studied by Arndt and associates had com-
plained of visual symptoms.[*!l The 2 patientscom-
plaining of constricted fields had verified severe
visual field constriction on testing. The other 3 pa-
tients presented only with blurring and were in the
mild visual field deficit group (1 unilateral and 2
bilateral).

Perhaps because of the increasing awareness of
the visual toxicity associated with vigabatrin, the
fraction that is symptomatic among those with meas-
urablevisual field defect seemsto beincreasing. In
arecent report by Manuchehri et al.,[20] 45% of the
patients complained of blurred vision. Many of
these patients also had intracerebral lesions. Even
though the study corrected the diagnosis of visua
field defects for the lesions on an anatomic basis,
it is difficult to ascertain whether the symptoms ex-
perienced by these patients were aresult of the pre-
existing cerebral lesion, the effect of vigabatrin on
theexpected ‘normal’ field, or both. Another recent
report2l] detailing a high prevalence of peripheral
constriction with nasal predominance (one-third of
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the 18 patients studied) does not indicate how many
were symptomatic.

4.2 Asymptomatic Visual Field Deficits

In a brief letter in the BMJ in 1998, Rao and
colleagues'2! presented preliminary dataof amuch
higher estimate of patients with asymptomatic def-
icits. Prompted by the report from Eke et al.[1% to
look for visual field defects in al patients taking
vigabatrin, they report that 11 of the first 15 pati-
ents (73%) receiving long term vigabatrin therapy
screened showed ‘appreciable visual field deficits
on Humphrey field analysis.[2] Unfortunately, no
other details are given to assess the validity of this
extremely high rate of visual field defects in a-
symptomatic patients.

There havebeen 9 major studiespublishedinthe
last 2 years which could be used to assess the preva
lence of asymptomatic visua field defectsin patients
taking vigabatrin. Despitesimilar designs, theresults
varied widely from 17 to 65%.[11,12.14,15,17-19,45,46]

Arndt et al.,['¥ evaluated 20 consecutive pa-
tients with partial seizures (17 adults and 3 children)
who had been treated with vigabatrin for longer than
6 months. They found 11 out of 19 testable patients
(58%) had abnormal fields (5 bilateral severe con-
striction, 3 bilateral mild constriction, 3 unilateral
mild constriction). These investigators used both
static and Kinetic perimetry and a relatively strict
criterion for reliability of visual field testing. Note
that the percentage of symptomatic patientsintheir
group (26%) is much larger than the estimates of
symptomatic prevalence previously reported in the
literature. The reason for thisis unclear.

Daneshvar and colleagues'?? tested 41 consec-
utive adult patients taking vigabatrin who were re-
ferred by their neurologists for screening based on
the ‘prevailing concern about the possible visual
effects of vigabatrin.” They found 12 (~35%) with
visual field defects on automated Humphrey field
analysis and 4 of the 12 were symptomatic (~6%
of the total sample). It is surprising that this prev-
alence is lower than Arndt’s sample, especially as
it isapatient population that is subject to biassince
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they werereferred for ophthalmological evaluation
only after the first cases had been reported.

Gross-Tsur and colleagued® retrospectively
examined asample of asymptomatic paediatric pa-
tientsin their clinicwho had been taking vigabatrin
for at least 6 months. They found 11 of 17 (65%)
had visual field constriction using static or kinetic
perimetry. Thisis the highest prevalence estimate
in the literature, and is of special concern because
it involves paediatric patients. Perhaps, the devel-
oping retina is more sensitive than the developed
retina to vigabatrin toxicity. Alternatively, there
may be an over-estimation of visual field defects be-
cause of issues related to reliability of testing pae-
diatric patients.

Hardus and colleagued“®! examined 157 pa-
tients with drug-resistant epilepsy who had been
selected for epilepsy surgery and compared thein-
cidence of visual field defects in the vigabatrin-
treated versus vigabatrin-naive patients. They found
that 20 of the 118 patients (17%) who had been
exposed to vigabatrin had concentric visual field
constriction compared to none of the 39 patients
never exposed to vigabatrin. These patients were
first screened with static perimetry and those with
defects received confirmatory testing using the ki-
netic technique. The examiner was blinded (e.g.
the examining ophthalmol ogi st was unaware of pa-
tients’ anticonvulsant regimens).

Kalviginen and colleaguesi!” analysed data
fromaclinical trial and identified 32 patients with
asymptomatic visual field defects who weretaking
vigabatrin monotherapy. There were 13 patients
(~40%) who had abnormal fields (3 severe and 10
mild) [kinetic (Goldman) perimetry]. The exam-
iner was also blinded in this study and an indepen-
dent neuro-ophthalmologist verified their visua
field resultsin 25% of the patients.

Lawden et al 118! screened 31 vigabatrin patients
(29 adultsand 2 children) from their neurology and
epilepsy clinics using static perimetry (Humphrey).
Therewere 16 patients (52%) with abnormal visual
fields. Other reasons for abnormal fields were
stated for 4 patients; thus, 12 patients (39%) had vis-
ual field defects attributable to vigabatrin. Of the
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12, three complained of tunnel vision and another
5 complained of blurring. Thus, the prevalence of
symptomatic cases was ~30% of the total sample.
The ophthalmol ogist who examined the visua field
data in this study was also blinded to drug treat-
ment. They also used extremely strict criteria for
cooperation and had a low threshold for deeming a
patient ‘unreliable’ on field testing. Despite this
rigorous methodology and relatively low estimate
of asymptomatic cases, the high percentage of symp-
tomatic patientsrelative to other studies, raisesthe
question of patient selection bias.

Miller and colleagues’ performed complete
neuro-ophthalmological evaluationson 32 clinical
trial patients receiving vigabatrin and compared
them with 10 control patients who had not been
exposed to vigabatrin.[1¥ Almost all patients un-
derwent both static and kinetic perimetry. Their pa-
per does not report the percentage of patients with
visual field defects but gives the mean visual field
constriction as assessed in degrees of vision com-
pared to controls. Their tables do contain data pre-
senting the number of patients with a given devia-
tion from normal in visual field measurements.
Based on kinetic perimetry they found 7 of 20 pa-
tients outside the range of control patients. Using
static perimetry they found 9 of 19 patients outside
the range of the control participants. The preva-
lence of visual field defects in this study appears
to be similar to others reported in the literature.

Wild and colleagues’®! examined data from an
open-label extension trial in Japan. Of 102 pati-
ents who underwent ophthalmological assessment
screening, 33 were judged to have abnormal fields
(3 had aternate explanations). Overall prevalence
was judged to be 29%.

Similar to Gross-Tsur et al,[*5 Wohlrab and col-
|eagues'*®! |ooked exclusively at visual impairment
in children.l*9] After excluding patients younger
than 5 or those who were intellectually handicapped,
they found 12 testable patients out of a cohort of
153 paediatric patients who had been treated with
vigabatrin. All were asymptomatic for visual field
defects. Using Goldmann perimetry, they report
abnormalitiesin atotal of 5 patients (~42%). There
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were 2 of the 5 patients who had intracranial le-
sions that could account for visual field defects
(temporal lobe resection or parieto-occipital le-
sion). Therefore, abnormalities that could be di-
rectly attributable to vigabatrin were observed in 3
patients (25%). Interestingly, only 3 of the 12 test-
able patientswere still receiving vigabatrin therapy
at the time of evaluation, the others had stopped
therapy because of primary lack of efficacy or loss
of efficacy. Notethat this estimate of prevalencein
the paediatric population is much lower than the
65% reported by Gross-Tsur et al. (see earlier in
this section).[19]

5. Is There a Causal Relationship?

Perhaps the most important question to ask is
whether or not the reported visual field defects are
causally related to the use of vigabatrin. A review
of the literature shows that most studies are not de-
signed to answer this question and may only sug-
gest an association. Many studies have used MRI
data and have ruled out obvious structural lesions
as the cause of visual field defects. However this
still does not prove that the defects are caused by
vigabatrin. In fact, very few studies reported any a
priori symptomatic visual field defects except
those in patients who had undergone lobectomy
for epilepsy or tumour surgery. In general therewas
no comprehensive visua assessment before intro-
ducing vigabatrin. One can posit many other expla-
nations for the apparent association including that
the defects arerelated to the longstanding epilepsy
itself or that the defects are caused by a combina-
tion of anticonvulsant drugs and might be more
prevalent when vigabatrin is included.

Itisvery difficult to calcul ate the effect of other
antiepileptic drugs given the variability of drug
combinations, duration of useand dosing. Many stud-
ies reported other anticonvulsant use in their pa-
tients, but few detailed all of the past combinations.
Sincevigabatrinisarelatively new medication, the
majority of patients used it as an add-on to their
current regimen, hence the confounding variables.
However, there are some data on visual field defects
with other antiepileptic drugs. There is also some
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suggestion that combining vigabatrin with some
other antiepileptic drugs may be an important fac-
tor in the development of the defects.[10.19.22.24.34]

In an attempt to prove or disprove causality,
Leach(#”] evaluated a small cohort of patients with
epilepsy, some of whom were exposed to vigabat-
rin and others who were not. They found avery high
percentage of ‘ some degree of visual defect’ in both
groups (85% in the vigabatrin group and 70% in the
non-vigabatrin group). Unfortunately, this was
published in abstract form only and details of the
nature of these visual abnormalities were not given;
however, the presence of visua changes without
vigabatrin exposure does implicate other factors.

Schmidt and colleagues*8! studied a cohort of
64 patients with intractable epilepsy prospectively
by ophthalmological and visual field testing at
baseline and then again at follow-up. They found
16 patientswho devel oped visual field defectsover
time, 13 of whom had been exposed to vigabatrin.
They also report that the patients who developed
visual field defects were significantly older and
suggested that increasing age may be a predispos-
ing factor to vigabatrin-related visual field defects.

In another prospective study from the same
group, Schmitz et al.[*9 monitored visual field
changesin 37 patients with intractable epilepsy over
12 months, testing them with kinetic perimetry be-
foretreatment, at 6 weeks and at 12 months. There
were 15 patientsreceiving antiepileptic drugsat the
time of enrolment who received add-on therapy
withvigabatrin. Another 22 had never received any
antiepileptic drug before and were given mono-
therapy with carbamazepine or valproic acid (13 or
9 patients, respectively). There was a statistically
significant constriction of the visual fields in the
vigabatrin group over time, most prominent after 6
weeks. There was also a change in the carbamaze-
pine group, athough smaller than that in the vig-
abatrin group, which reached statistical signifi-
cance in 1 case. As this study looked at add-on
therapy only, it may be concluded that the visual
field defect developed as a reaction to multidrug
therapy and not to any one drug.
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There are 2 large studies which implicate vig-
abatrin asthe cause of visual field defects. Thefirst
isthe report by K&lviginen and colleagues,!*”l who
show a significant difference between the preva-
lence of visual field defectsin patients taking vig-
abatrin compared to those taking carbamazepine.

The authors examined a subset of a cohort of
135 patients with new-onset complex partial sei-
zures who had been randomised originally to re-
ceive monotherapy with either vigabatrin or carba-
mazepine. (Thisistheonly peer reviewed paper we
are aware of where the confounding variable of pre-
vious use of, or combination use with, other anti-
epileptic drugsisremoved.) The authors examined
50 asymptomatic patients from their cohort: 32 pa-
tients taking vigabatrin and 18 patients taking
carbamazepine. They also included a group of
healthy participants as controls. Detailed ophthal-
mological exams were performed by a physician
who was blinded to the drug regimen.

There were no significant differences among the
2 drug groups and the controls on any of the demo-
graphic variables, the type of epilepsy, or length of
treatment (mean 69 months on vigabatrin and 60
months on carbamazepine). Theresults showed ab-
normal visual fields (by kinetic perimetry) in 13 of
the 32 vigabatrin patients (40%; 3 severe and 10
mild) but none in the carbamazepine or control
groups.

Thisestimateis perhapsthe strongest dataof the
true prevalence of visual field defects associated
with vigabatrin. The fact that these patients were
newly diagnosed seizure patients and did not have
a history of longstanding uncontrolled seizures or
antiepileptic drug useisstrong evidencethat visual
field defects are caused by vigabatrin use. How-
ever, the authors showed that there is no statisti-
caly significant correlation between the degree of
the visual field defect and either the duration of
therapy, the dosage or the cumulative dosage of
vigabatrin.

Hardus and colleagues*®! compared asimilarly
large group of 157 patients with intractable epilep-
sy, some of whom had been exposed to vigabatrin
(118) and some of whom had not. They found a
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prevalence of visual field defects of only 17% in
the vigabatrin group, compared to zero prevalence
inthe control group. Whilst these patientswere not
naive to antiepileptic drug therapy (as in the
Kalvidinen et a. study), the authors did statisti-
caly investigate the contribution of all of the other
drugs. The only drug that correlated significantly
with the presence of visua field defects was
vigabatrin. Therewas also asignificant correlation
between the severity of the visual field defect and
the length of treatment with vigabatrin: the visual
field defect was more extensive in those patients
with2to4 or 4to 6 years' exposure compared with
0 to 2 years exposure.

5.1 Evidence of Visual Problems with
Drugs Other than Vigabatrin

There are case reports scattered in the literature
which describe visual problems, including visual
field defects, attributed to other anticonvulsant
drugs. As might be expected, most have actionson
the GABA system but others do not.

5.1.1 Non-y-Amniobutyric Acid (GABA) Drugs

Carbamazepine

Nielsen and Syversen> reported 2 cases of ret-
inopathy attributable to carbamazepine, whose
mechanism of actionisNa* channel blockade, both
of which reversed upon discontinuation of the
drug. Of note, in the 1 patient where fields were
tested they were normal. Carbamazepine has also
been implicated in visual field dysfunction. In the
report by Kalvidinen et al., the group taking carba-
mazepine showed significant visual field constric-
tion in superior fields compared with the controls,
though not as large as the vigabatrin group.[*7]

5.1.2 GABA Drugs

Diazepam

Elderl>! described a case of an elderly cauca-
sian female with bilateral concentric visual field
constriction (by Humphrey analysis) in association
with a high dosage of diazepam (25mg 4 times
daily). She was retested at 6 months after dosage
reduction and the visual field defect was much im-
proved. At 12 months after discontinuation of the
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drug, there was a marked improvement in her con-
dition.

Progabide

Baulac et al.[52 reported a case of apatient with
tunnel vision who was found to have a severely con-
stricted visual field (by automated analysis) whilst
receiving progabide and phenobarbital. Progabide
was replaced by valproic acid and fields improved
over time.

Valproic Acid

Whilst there are no studies specifically looking
at the effect of valproic acid on visual field defects,
there are several reportson vigabatrin that show its
combination with val proic acid may be particularly
toxic.[10.222434 Arndt and colleagues!! state that
theonly patientsin their study who were symptom-
atic with visual field constriction, showed severe
visual field changesand had abnormal electrophys-
iological responses, were 2 patients treated with this
combination. One group of the cohort reported by
Wild and colleagued¥ who were receiving viga-
batrin plus valproic acid, had a higher percentage
of visual field defects than the groups who were on
other drug regimens. This suggests a higher inci-
dence or severity of visual field defects when vig-
abatrin is combined with valproic acid than with
other antiepileptic drugs. However, these results
were not confirmed in the group from the open la-
bel extension trial where carbamazepine in combi-
nation with vigabatrin produced the highest per-
centage of visual field defects.[29]

Inthe study by Wohlrab and colleagues,[*°] there
was 1 patient in their non-vigabatrin exposed con-
trol group with visual field defectswho wastaking
lamotrigine and valproic acid. This patient had
been treated previously with ethosuximide and clo-
bazam. However, in another study there were no
instances of visual field defects in patients taking
valproic acid monotherapy.!“9

Obviously, these reports do no more than sug-
gest an association and are not statistically reliable.
A drug-drug interaction that enhances retinal tox-
icity is certainly possible and needs to be studied
in amore scientific manner.
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Tiagabine

If we are to posit that visual field defects are a
result of increased GABA levelsin theretina, then
the other designer drug which acts as a GABA re-
uptakeinhibitor, tiagabine, should show similar ef-
fects. However, aliterature review does not reveal
much evidence for this. Collins and colleagued>3
examined the data from all tiagabine phase Il and
Il clinical trials in the US (>2500 patients) and
found there were only 8 instances in the adverse
events reports of visual changes that could be re-
lated to visual field defects. Two of these patients
had fixed visual field defects that were not related
to tiagabine, 4 had only transient problems, which
self-resolved and thelast 2 resolved after reduction
of either carbamazepine or tiagabine.

Since then other researchers have looked more
carefully for asymptomatic cases. Fakhoury and
colleagues® tested 11 patients who had a mean of
2 years exposure to tiagabine and no exposure to
vigabatrin. They found none had asel ective periph-
eral visua field constriction; although they do re-
port that 4 had ‘nonspecific visual field changes
which could not be reproduced. K& vidinen and col-
leagues'® tested patients receiving tiagabine
monotherapy with Goldmann perimetry and found
no evidence of visual field constrictionin 2 groups:
22 patients who were previously naive to antiepi-
leptic drug therapy and had mean exposure of 21
months, and 34 who had switched from another
antiepileptic drug.[58

The absence of visua field defects in patients
taking tiagabine suggests that the mechanism of vis-
ual field constrictionisnot just theincreasein syn-
aptic GABA inaretinal layer, but that other factors,
such as the physicochemical properties of the
vigabatrin molecule may be involved.

6. Evidence Regarding the
Reversibility of the Defects

The studiesin thisarticle have only appeared in
the literature in the last 3to 4 years. Thus, thereis
no truelong term follow-up of individual cases. Also,
the quality of the data regarding reversibility or
progression ishighly variable. Many studiesfail to
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mention the length of the follow-up period or how
the patients were reassessed. In the earlier case
studies, most reported no significant change in the
condition.[10:2223] Arndt and colleagues'®” tested
25 patients and found visual field defectsin 15 of
them. These patients were then divided into 2
groups; 1 group continued with vigabatrin therapy
and the other did not. Retests after 6 months showed
there was no difference between the first and sec-
ond tests, which suggests there was no progression
or reversal of the visual field defect.

6.1 Reversibility

There are reports of some improvement of vi-
sual field defectsafter vigabatrin therapy isceased.
Acheson(®% reported improvement in 3 of 5 pa-
tients. Krakow and associates>® reported that vi-
sual field defects improved significantly in 2 pa-
tientswhen retested 6 months after discontinuation
of the drug. One case report documented signifi-
cant improvement in both symptoms and visual
field testing after withdrawal of the drug in a 10-
year-old patient.[33 These authors suggest that the
repair mechanismsin children might be better than
in adults. However, others have suggested that this
may have simply been a practice effect of repeated
visual field testing.[?5 Data from a paediatric co-
hort reported by Wohlrab and colleagues“®! do not
support the idea that children have better ability
to recover than adults. While they did not include
follow-up data per se, they do note that 4 of their
5 patients with visual field defects had discontin-
ued the drug anywhere from 1 month to 2.5 years
prior to the time of assessment. This suggests that
the deficits are at least persistent and not easily or
quickly reversiblein all paediatric patients.

Several larger studies have also reported im-
provement of visual field defects after withdraw-
ing vigabatrin. In the study by Lawden and col-
leagues!*8 there was modest improvement upon
withdrawal of the drug in 3 of 16 of their patients.
However, those with severe defects have shown no
improvement over a 3-year follow-up period. Two
of their patients with deficits remained on viga-
batrin. In 1 patient, the condition remained stable
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over 3 years, and in the other there was a dight de-
terioration over 11 months.[18]

In a series of patients with temporal lobe epi-
lepsy,[59 visual field defects did not improve after
discontinuation of vigabatrin. Similarly, in another
study!33! there was no significant change in visual
fields, visual acuity, or colour vision in 9 of 13
patients who had experienced visual changes on
vigabatrin treatment 3 to 9 months after discontin-
uation of the drug. Some small but significant
changesin variousparametersof the ERG werenot-
ed; however, the authors state that these may have
been an artifact of the fitting algorithm used to
measure the responses. Overall there was no sig-
nificant improvement of the ERG amplitudereduc-
tionsor the oscillatory potential amplitudes, although
they did note largeimprovementsin individual pa-
tients. Because the patientswho showed the largest
improvement werethose with no or minimal visual
field defects, the authors suggest that the progres-
sion to visual field defect may signify permanent
injury. Those same patients were among the youn-
gest in their sample, which suggests that age may
be afactor in recovery.

6.2 Progression

The analysis by Wild et al.[*9 of 1 of the long
term extension cohorts, presentsthe dataregarding
the prevalence of vigabatrin-related visual field de-
fects as a function of length of treatment. They
found that there wasno significant differenceinthe
occurrence of visual field defects in those treated
for greater than or less than 4 years (32 vs 28%).
This suggests that either there was no significant
progression of the defects over time or that the de-
fects appear prior to 4 yearsif they are going to ap-
pear at all. Similarly, the Hardus et al.l[8 study
showed asignificantly increased severity of deficit
in those treated for more than 2 years compared to
lessthan 2 years, but they did not find asignificant
difference between those treated for 2 to 4 or 4 to
6 years. Conversely, 1 of thepatientsinthe Lawden
et al. study!18! did have a dlight deterioration of their
condition over an 11-month follow-up period.
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Unfortunately, there have been no large prospec-
tive trials with frequent examination to truly doc-
ument progression. Clearly, the deficits must ap-
pear at acertain period of timeand it is probably a
gradual process. It may be concluded that thistime
period was present in the studieswhere progression
was noted. The question remains whether or not
thereisaplateauinthecondition. Informationfrom
at least 2 studies would support this,[194¢ although
asubsequent report by 1 of the same groups,[®¥ sug-
geststhat aslight but measurabl e progression could
be seen in the visual field of 11 patients who con-
tinued taking vigabatrin after the diagnosis of vi-
sual field defects.

7. Conclusion

Vigabatrin is an extremely effective anticonvul -
sant that has been in widespread use outside the US.
The authors have attempted to review all of the
clinical studies related to visual problems associ-
ated with, and thus often attributed to, vigabatrin use.
Our goal wasto use these datato conclude thetruth
about whether these effects are in fact causally re-
lated to vigabatrin and if so how frequent and se-
veretheseproblemsare. Wealso hoped to usethedata
to make recommendations about the saf ety of using
the drug and how patients might best be monitored
during its use. However, what became clear is that
thereis such atremendous amount of variation in the
datapublished in the current literature that it is dif-
ficult to achieve our goal.

7.1 The Nature of the Defects

There are numerous papers suggesting that vig-
abatrin use is associated with a variety of visua
changes. The most frequent change is an asymp-
tomatic visual field constriction but reports of de-
creased aculity, colour vision and abnormal fundu-
scopic examination also exist.

7.2 Causdality

Themajority of thepublished dataisin casereport
form, which makes proof of causation very diffi-
cult. The 2 papersthat used proper scientific meth-
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odology to investigate this condition seem to support
the notion that vigabatrin causes these changes;[17:4l
however, there needsto be further studieswith larger
total populations to answer this question defini-
tively. Currently, we believe that most practitioners
are operating on the premise that vigabatrin is the
causal factor of visual field defects.

7.3 Incidence

The rapid appearance of al of the symptomatic
cases in the literature is still unexplained. Where
wereall of these patientsin thefirst 10 years of using
this drug? The manufacturer’s estimate of inci-
dence of visua field defects with vigabatrin was
approximately 0.1%, but the case reports of report-
edly unselected samples cite incidences anywhere
from ~6[12 to 30%.118!

More puzzling isthediscrepancy inthe numbers
reported in the literature from the few papers that
attempted to estimate preval ence of the asymptom-
atic cases, which ranged from 1714¢! to 65%l15! or
even 73%.127] Possible explanations for these dis-
crepanciesinclude various biases and methodol og-
ical issues. Selection biases and reporting biases
would tend to increase the estimates of incidence.
Conversely, problems with patient cooperation and/
or technical difficulties in measurement of the vi-
sua field defect would tend to decrease the esti-
mates of incidence. More or less of each of these
types of biasesin a given sample could greatly in-
fluence the overall number reported.

7.3.1 Monitoring the Patient

There needs to be many more studies to fully de-
fine the role of vigabatrin in visual field constric-
tion; however, the drug is still prescribed in many
countries. For this reason, we make the following
recommendations for monitoring patients during
vigabatrin use.

7.3.2 Visual Field Testing

Both static and kinetic methods of visua field
testing are highly operator and patient-dependent.
Thisisan important issue when the patient popul a-
tions who might be monitored is considered (e.g.
those with mental retardation or uncooperative chil-
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dren). Krauss and colleagues®? have reviewed the
relative benefits and problems of each technique.
Thereisliterature to suggest that kinetic perimetry
ismore sensitive than static methods and should be
preferred for this reason. One patient in the study
by Krausset al.[13 was shown to have adeficit only
when tested with kinetic methodology. Miller and
colleagued found that kinetic perimetry pro-
duced larger differences compared with controls
than static testing. The differences were only statis-
tically significant in 1 eye using the static method-
ology.

The sensitivity difference between static and ki-
netic methodology may be responsible for some of
thediscrepanciesintheliterature regarding the per-
centage of patients with visual field deficits. For in-
stance, Hardus and colleagued*dl screened with
static perimetry then used kinetic perimetry for con-
firmation of the visual field defect. It is possible
that this resulted in some undetected cases and could
account for the overall lower percentages in their
study compared with others.

7.3.3. Electrophysiological Measurements

Given the number of problems with detecting
visual field defects and questions about their re-
versibility once present, it would be beneficial to
follow their development objectively by use of
electrophysiological measures. Unfortunately, there
does not appear to be 1 measure that consistently
corresponds to either the presence or the severity
of the visual field defect. Theliterature cites many
patients with abnormal fields yet normal electro-
physiological tests, and vice versa.

The basic science data suggests that the various
retinal abnormalitiesthat can be seenin tissue pre-
parationsis easily explained by the presence of in-
creased GABA,[®1 but this does not necessarily
mean that thereisacausal relationship to thevisual
field defect. If it werethat simplethen there should
routinely be abnormal electrodiagnostic measures
with every abnormal visual field detected; and this
is clearly not the case.

The VEP appears to be the electrophysiological
test that is least correlated to visual field defects:
most studies have reported norma VEPs. Thisis

0 Adis International Limited. All rights reserved.

not surprising since the visua field defect is thought
to represent retinal toxicity and the VEP isamea-
sure of optic nerve integrity.

The EOG is more promising since it does mea-
surethefunction of variouscell layersintheretina.
Unfortunately, the abnormalities are not closely
coupled to appearance of the visual field defect,
appear to be an epiphenomenon of the increased
GABA, and are completely reversible upon cessa-
tion of the drug regardless of the presence or ab-
sence of the visual field defect.

Data are perhaps best for the use of the ERG in
following or perhaps even predicting the devel op-
ment of visual field defectswhile using vigabatrin.
Johnson and colleagues[35] suggested this was
the most important electrodiagnostic test because
the changes become irreversible once the visual
field defects appear. Harding and colleagues'€l
specifically implicate 1 measure of the ERG, the
amplitude of the 30Hz flicker response, as being
predictive of the presence and severity of the
vigabatrin-visual field defect with a 100% sensi-
tivity and 75% specificity. Brigell and colleagued*?
tried to use the progression of ERG changes over
time asapredictor of the appearance of visual field
defects but found a much lower specificity of
~50%. Nevertheless, there does appear to be con-
sensus between ophthalmologists at Johns Hop-
kins Medical Center(®2 and at Aston University,
Birmingham, England,[¢! that the ERG is the best
option for apotential mechanism for screening (i.e.
rather than the VEP or the EOG). Obviously, the
overall specificity of the ERG and its individual
variables need to be confirmed if it isto be used as
ascreen. A falsepositivetest result could mean that
patients would be taken off their medication, yet
have no visual field defect.

7.4 Dose Response

There is a lack of data on the dose-response
characteristics of vigabatrin and the development
of visual field defects. The only available data are
reports of trends that implicate duration of ther-
apy!*® or cumulative dosel1®17 with the presence
or severity of visual field defects. Either these stud-
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iesare not large enough to provide sufficient power
to detect a significant difference, or the effect is
truly not very strong. Regardless, thereisno defin-
itiveevidenceregarding dose-response at thistime.

Thisissue is especially important in the paedi-
atric population where vigabatrin is used to treat
infantile spasms. If the length of treatment before
development of visual field defects was known
then the drug could be used for that length of time
to control thistypically age dependent catastrophic
form of epilepsy, after which the child would auto-
matically be switched to another anticonvulsant.
For ababy with infantile spasms attributable to tu-
berous sclerosis, even aclear risk of an asymptom-
atic visual field defect may be acceptable compared
to the potential for severe long-term morbidity
from the lack of uniquely effective treatment or
management with other risky and ineffective
modes.[63]

7.5 Reversibility

Perhaps the most important area to elucidate is
whether or not these changes are reversible. Data
is scarce on this subject; however, we can hopethat
datawill emerge as follow-up periods become more
substantial. There are some intriguing suggestions
that increasing age may reduce the likelihood of
reversibility. If proven correct, thiswould have ma-
jor implicationson the use of vigabatrinin children
with infantile spasms. It will be challenging to ob-
tain good data, even with long term follow-up, be-
cause of the complexity of theissuesinvolved (e.g.
cumulative dose, duration of treatment, combina-
tion of other antiepileptic drugs, seizure type and
severity, age and gender).

We have documented and assessed the available
data and have stated the need for more complete
information regarding several aspects of the mech-
anistic basis of visual field defects associated with
vigabatrin that could facilitate rational clinical de-
cision making. The treatment choices, both phar-
macol ogical and nonpharmacological, for patients
with refractory epilepsy have grown substantially
in the last few years. Thus, it is doubtful that the
clinical positioning of vigabatrin is likely to change

0 Adis International Limited. All rights reserved.

in the future from that of a very valuable ‘niche
drug,” with emphasis on paediatric usage.
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