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Abstract

BACKGROUND—The antiepileptic medication vigabatrin has been associated with ocular 

toxicity, and close ophthalmic monitoring has been recommended; however, there is no clear 

consensus regarding the value and feasibility of such monitoring in children. We describe 

ophthalmic assessments in children in a real-world clinical setting, the incidence of vigabatrin-

related ocular toxicity, and the utility of regular screening or ancillary testing in children taking 

vigabatrin.

METHODS—The medical records of children taking vigabatrin with one or more ophthalmic 

assessments at Children’s Hospital of Philadelphia or University of California, San Francisco, 

between May 2010 and May 2021, were reviewed retrospectively. Abnormalities on ophthalmic 

examination, visual field (VF), electroretinogram (ERG), and optical coherence tomography 

(OCT) were reviewed and categorized as attributable to vigabatrin, possibly attributable to 

vigabatrin, or not attributable to vigabatrin.

RESULTS—A total of 1,281 assessments of 284 children (mean age, 2.09 years) were included. 

Of these, 283 (99.6%) had funduscopic examination(s), 37 (13.0%) had ERG, 19 (6.7%) had OCT, 

and 6 (2.1%) had formal VF. Rate of examinations and ERGs per child decreased over the 10-year 

study period. Two children (0.7%) had definite vigabatrin-related ocular toxicity, both identified 

on ERG. An additional 4 children (1.4%) had optic atrophy of unclear relation to vigabatrin, 

categorized as possible toxicity. The remaining 278 children did not have abnormal examination or 

testing findings attributable to vigabatrin.
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CONCLUSIONS—The incidence of vigabatrin-related ocular toxicity in children was low in 

our cohort. Ocular and neurologic comorbidities and limited examinations in children make 

identification of such toxicity challenging and the value of screening is unclear.

Vigabatrin is an antiseizure medication used for the treatment of infantile spasms, simple 

or complex partial epilepsy, and other adult and childhood seizure disorders. Concerns 

about retinal or optic nerve toxicity associated with vigabatrin were first reported in adults 

in 1997; the extent to which vigabatrin causes clinically significant ocular pathology in 

children, however, is unknown.1 Vigabatrin is thought to cause permanent, concentric 

peripheral visual field loss in a dose-dependent manner.2 Additional findings of toxicity, 

primarily in adults, have included optic disk pallor and atrophy, retinal hypopigmentation, 

and macular wrinkling.3–6 Unfortunately, due to the young age and the high incidence of 

developmental delay in pediatric patients who need vigabatrin treatment, it is difficult for 

pediatric ophthalmologists to obtain information related to vigabatrin toxicity from standard 

ophthalmic examinations.7,8

The US Food and Drug Administration (FDA) recommends monitoring for retinal toxicity 

in patients receiving vigabatrin by performing an eye examination within 4 weeks of 

medication initiation and then every 3 months until the medication is stopped.9 Although 

the Vigabatrin Risk Evaluation and Mitigation Strategy program originally required 

frequent examinations, this requirement was subsequently changed to a recommendation.10 

Additional testing, including formal visual field testing, is recommended for those able to 

participate. Given that the majority of children using vigabatrin are unable to complete 

perimetry, the American Association for Pediatric Ophthalmology and Strabismus issued 

a statement outlining the problems associated with screening for retinal toxicity in this 

group and recommended additional testing, such as electroretinography (ERG) and optical 

coherence tomography (OCT).11 However, ERG is expensive, often requires sedation, and 

may produce findings that are difficult to interpret, limiting their clinical utility12; and OCT 

presents similar feasibility challenges in young children.

The purpose of this study was to determine the rate at which ocular toxicity is detected 

in children taking vigabatrin in a real-world screening setting and how frequently these 

children receive ophthalmic evaluations. Understanding the incidence of vigabatrin-related 

toxicity in the pediatric population and the utility of ancillary testing may inform treatment 

and practice patterns for ophthalmologists and neurologists and potentially reduce the 

number of ophthalmic examinations.

Subjects and Methods

We conducted a retrospective cohort study of all children prescribed vigabatrin who 

underwent one or more ophthalmic examinations and/or testing procedures related to 

vigabatrin at Children’s Hospital of Philadelphia and University of California, San 

Francisco, between May 2010 and May 2021. The study was considered exempt by the 

Children’s Hospital of Philadelphia Institutional Review Board (IRB) and was approved 

by the University of California, San Francisco IRB. Informed consent was waived at 
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both institutions. Research was conducted in compliance with the US Health Insurance 

Portability and Accountability Act of 1996.

Eligible children were prescribed vigabatrin and had at least one ophthalmic assessment 

after starting treatment. Ophthalmic assessments included dilated fundus examination, ERG, 

OCT, or formal visual field (VF; automated static perimetry). Fundus examinations were 

performed by pediatric ophthalmologists and pediatric neuroophthalmologists. Children 

were excluded if their first assessment occurred 6 months or more after discontinuation 

of vigabatrin. Patients with only one examination or test were included to accurately reflect 

the “real-world” follow-up rate of these children.

Data abstracted from the medical record included demographic information; vigabatrin 

treatment dates; indication for vigabatrin use; dates of all fundus, ERG, OCT, and 

VF examinations occurring after medication initiation; abnormal findings on ophthalmic 

examination including optic atrophy, abnormal retinal pigmentation, and retinal atrophy; 

and abnormal findings on ERG, OCT, or VF testing. All abnormal examination and testing 

results were reviewed individually by three pediatric ophthalmologists (GB, ADA, JO) 

to determine whether the abnormalities were attributable to medication-related toxicity, 

as evidenced by temporal association, increasing atrophy, and/or inability to attribute 

finding to another disease process. In the case of discrepancy among the three independent 

reviews, a formal group consensus was reached based on additional detailed case review. 

Based on consensus, each ocular abnormality was categorized as attributable to vigabatrin, 

possibly attributable to vigabatrin, or not attributable to vigabatrin. Criteria for definite 

vigabatrin toxicity included ERG findings of a-wave and/or b-wave depression, and/or 

fundus examination findings of increasing optic atrophy related temporally to vigabatrin 

initiation, and not possibly due to another known medical or ophthalmic condition. Criteria 

for possible vigabatrin toxicity included presence or progression of optic atrophy not known 

to pre-date vigabatrin initiation, but with possible alternative explanation such as genetic 

abnormality, perinatal brain injury, or hydrocephalus. Abnormal ERGs or cases of optic 

atrophy were considered not attributable to vigabatrin if ERG findings were inconsistent 

with documented patterns associated with vigabatrin toxicity or if a second ERG was 

normal, and if optic atrophy pre-dated vigabatrin initiation and was better explained by 

known medical or ophthalmic conditions.

Analysis

Descriptive statistics were calculated for baseline characteristics using mean, standard 

deviation, median, and interquartile ranges. The primary outcome was the proportion of 

children with ophthalmic pathology attributable to vigabatrin toxicity. The 95% confidence 

interval was calculated using the Wilson method. Secondary outcomes included number and 

types of assessments, including fundus examinations, ERG, OCT, and VF overall and by 

year to assess for changes in clinical practice over time. To determine assessment frequency, 

follow-up intervals were calculated between assessments for each child. Because ancillary 

testing such as ERG and OCT were often completed shortly before or after a clinic visit, 

only assessments that were greater than two months apart were considered as separate 

events. If a patient had two or more visits within a 2-month period, the earliest date was 
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used. All analyses were completed with Microsoft Excel version 16.52 and SAS v9.4 (SAS 

Institute Inc, Cary, NC).

Results

Over the study period, 284 children were prescribed vigabatrin and underwent a total 

of 1,281 assessments, including examinations and testing (Table 1). Fifty-one percent of 

children were female and the most frequent indication for vigabatrin was seizures secondary 

to a known genetic abnormality (39%). The median age at initiation of vigabatrin was 

1.0 years (Q1 0.6, Q3 2.1), with a median treatment duration over the study period of 

14.8 months (Q1 7.1, Q3 41.4) ranging from 0.2 to 139.4 months. The average time 

between medication initiation and ophthalmic assessment was 4.6 ± 7.5 (standard deviation) 

months (range, 0–58 months. Fifty-four percent of children had their first eye examination 

exclusively to screen for vigabatrin toxicity, while the remainder were being followed by 

an ophthalmologist prior to vigabatrin initiation or had additional coincident ophthalmic 

problems.

The number and interval of assessments were calculated for each examination type between 

2010 and 2021. Children received a mean of 4.3 ± 4.5 assessments related to vigabatrin 

during the entire study period (range, 1–31). The child that received 31 examinations was 

an outlier: a 3.5 year old child with TUBA1A mutations causing lissencephaly and infantile 

spasms managed on vigabatrin from 2009 to 2021, with examinations every 3–6 months 

over that period. With regard to assessment type, 1,148 retinal examinations were performed 

on 283 children, of which 44 had an abnormality; 49 ERGs were performed on 37 children 

(range, 1–5 per child), of which 13 were abnormal in 12 children; 23 OCTs were performed 

on 19 children (range, 1–4 per child), of which 3 were abnormal in 3 children; and 11 

formal VF tests performed on 6 children (range, 1–5 per child), of which 6 were abnormal 

in 2 children. The number of fundus examinations per child decreased steadily from 2013 

to 2021. The ERG rate was highest in 2010 and decreased over time, with a low and 

stable rate from 2016 through 2021. The rate of OCT began and remained low over time. 

On average, children were assessed every 8.4 ± 5.7 months (range, 1.3–36.7). The mean 

follow-up interval increased with each calendar year.

With regard to ocular abnormalities, 44 children (15.5%) had an abnormality on fundus 

examination; 12 (32.4%) had an abnormal ERG; 3 (15.8%) had an abnormal OCT; and 

2 (33.3%) had an abnormal VF (Table 2). In total, 6 children (2.1%) demonstrated 

definite or possible vigabatrin-related ocular toxicity (2 and 4 children, resp.). Detailed 

characteristics on these children are provided in eSupplement 1 (available at jaapos.org). 

Both children with definite toxicity were diagnosed by the treating ophthlamologists as 

having vigabatrin toxicity based on ERG findings of delayed and reduced a-wave and 

b-wave rod photoreceptor responses, both considered to be secondary to vigabatrin by the 

treating ophthalmologists. Four children had optic atrophy of indeterminate cause identified 

on fundus examination and deemed possibly related to vigabatrin due to chronicity of 

findings and possible alternative explanations. There were no children diagnosed with 

definite vigabatrin toxicity based on fundus examination, and no children had vigabatrin 
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toxicity or possible vigabatrin toxicity diagnosed on the basis of an abnormal OCT or VF 

test.

Most abnormal fundus or testing abnormalities were unrelated to vigabatrin (Table 2). 

Thirty-one children had retinal findings unrelated to vigabatrin. Ten had optic nerve 

hypoplasia, and 6 had another optic nerve abnormality, including edema, cupping, 

neuropathy, and coloboma. Ten abnormal ERGs were explained by underlying retinal 

pathology unrelated to vigabatrin, including peripheral vasculopathy following laser 

photocoagulation, septooptic dysplasia, retinitis pigmentosa, or miscellaneous reasons, such 

as nonspecific abnormalities not correlated to any examination findings, subsequent normal 

ERG, or attributed to the effects of sedation. There was no clear pattern of heightened 

clinical concern for toxicity in those children referred for ERG versus those that were not.

Discussion

We found a low incidence of vigabatrin-related ocular toxicity among children undergoing 

funduscopic examinations and ancillary testing. Only 2 children (0.7%) had definite toxicity, 

both identified through ERG testing, and an additional 4 (1.4%) had optic atrophy possibly 

but not definitively related to vigabatrin toxity. It is unclear whether our findings accurately 

reflect the rate of vigabatrin-related toxicity, or the low rate is due to the low proportion of 

children undergoing ancillary testing. Even among those undergoing ERG testing, only 5.4% 

had definite toxicity. At our institutions, the primary reasons for children on vigabatrin 

undergoing ERG were as follows: anesthesia required for another procedure, resulting 

in a decision to perform ERG to screen for vigabatrin toxicity at the same time; for a 

known retinal pathology (eg, retinal dystrophy); and in a nonstandardized manner at the 

physician’s discretion, to assess for vigabatrin toxicity, with or without a clinical suspicion 

for toxicity. All children but one underwent retinal examinations, no toxicity was diagnosed 

based on retinal lesions, and there were only 4 cases of optic atrophy questionably related 

to vigabatrin. In contrast, only 13% of children underwent ERG testing, which was the 

method by which the 2 clear cases of toxicity in our cohort were discovered. Both of the 

children with ERG-identified medication toxicity had a normal fundus examination, and 

both remained on the medication despite identified ocular toxicity because of its efficacy in 

seizure control. Similarly, while no toxicity was identified by OCT abnormality or perimetry, 

the majority of children were not able to perform these tests.

There are numerous reports of vigabatrin-associated visual field loss (VAVFL) in adults; 

however, data in children are not as robust, and the few reported studies in children have 

been of limited scope.1,2,6,13–21 Duration of treatment may be an important consideration 

in children, because some investigators have found an association between toxicity and 

length of treatment, although others have suggested that toxicity may be age dependent, with 

younger children being more susceptible.19–22 Medication guidelines for infantile spasms 

suggest discontinuing vigabatrin if there is no improvement in seizure control in the first 2–4 

weeks of treatment.9,10 Our results show lower rates of toxicity than previously reported, 

especially considering that over 50% of children in our cohort had a treatment duration >12 

months. Riikonen and colleagues19 observed VAVFL among 34% of children undergoing 

formal perimetry in a duration-dependent manner, with VAVFL present in 9% of children on 
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vigabatrin for <1 year, 30% of children on vigabatrin for 1–2 years, and 63% of children on 

vigabatrin for >2 years. The latter study was limited by a relatively small sample size and 

inclusion of onlyolder children capable of performing formal perimetry.

A variety of funduscopic findings have been associated with vigabatrin use, including 

thinning of the nasal retinal nerve fiber layer, termed “inverse optic atrophy,” retinal pigment 

epithelial changes in the macula, and a membranous appearance to the retina.3–5,11,23,24 

Optic atrophy was identified in 41 children (14%) of our cohort, none of whom had this 

finding attributed to vigabatrin in their clinical notes, likely due to the high prevalence 

of structural brain abnormalities and genetic conditions known to cause optic atrophy. We 

performed a secondary review of all cases of optic atrophy and determined that 4 children 

had optic atrophy possibly attributable to vigabatrin. They were classified as possibly 

and not definitively attributable due to the patients’ complex medical and neurologic 

comorbidities, with multiple potential causes of atrophy or with poorly documented 

chronicity of findings.

We found similarly low rates of toxicity on ancillary testing, with only 2 children showing 

evidence of vigabatrin related toxicity on ERG and none with evidence of toxicity on OCT 

or perimetry. A small minority of children in our cohort underwent this additional testing. 

In studies of vigabatrin exposed children, common ERG changes include reduced oscillatory 

potentials, reduced b-wave amplitudes, and diminished 30 Hz cone flicker responses.13,25 

However, there are conflicting opinions about the utility of assessing vigabatrin associated 

retinal toxicity with ERG.12,26 In a study of vigabatrin exposed children who underwent 

both ERG and perimetry, there was no significant association between abnormal ERG 

parameters and VF defects.27 In both adults and children taking vigabatrin, OCT has shown 

retinal nerve fiber layer (RNFL) thinning.28 In a study of 18 children on vigabatrin, higher 

cumulative doses of vigabatrin were associated with greater RNFL thinning in the nasal, 

superior, and inferior quadrants.29 Our results support the idea that there is limited utility 

in such testing: only 2 children were found to have toxicity, and neither one discontinued 

vigabatrin because of those findings. In each case, the parents and physicians felt that the 

seizure-reducing benefits of continuing treatment outweighed the impact of ocular toxicity.

Our results reflect a practical or “real world” inspection of vigabatrin screening and 

highlight the heterogeneity of practice patterns and difficulties of assessing ocular toxicity in 

children. Because VF loss is difficult to assess in children who cannot participate in formal 

perimetric testing, pediatric ophthalmologists rely on fundus examinations and ancillary 

testing, such as ERG or OCT, for screening, although such ancillary tests often require 

sedation or general anesthesia, which is not without risk.30 While sedation may not be 

universally required for ERGs, the majority of ERGs performed at our two institutions use 

sedation. Additionally, awake ERGs require technology that may not be widely available as 

well as a patient who can tolerate the procedure. The developmental status and comorbidities 

of many children taking vigabatrin make this impractical.

Although Westall and colleagues22 included structured ERG protocols to identify toxicity, 

our study suggests that the infrastructure required to support such an approach is not 

available to many pediatric ophthalmologists.
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We found a wide variety in patient assessments, with no clear pattern of heightened concern 

in those children who were referred for ancillary testing. We also found that length of 

time between vigabatrin-related ocular assessments increased from 2010 to 2021. This 

may reflect a growing understanding among pediatric ophthalmologists of the low yield of 

fundus examinations for detecting toxicity, the elimination of FDA-required examinations, 

and ambiguous and heterogeneous definitions of presumed vigabatrin-related ocular toxicity. 

Even in cases of possible or definite toxicity, no children in our study stopped vigabatrin 

due to vision concerns. In many cases, an unwillingness to stop vigabatrin even in the 

setting of a hypothetical ERG abnormality was cited as the reason why ERG testing was 

not pursued. If toxicity is difficult to identify, there is heterogeneity in patient assessment, 

many children have limited visual potential due to comorbidities, and the results of testing 

for toxicity are unlikely to change management, there may not be much value in assessing 

patients who have not had a functional decline in vision. Additionally, a conversation with 

parents about whether findings of toxicity would change seizure management could help 

pediatric ophthalmologists determine whether following a given patient with serial fundus 

examinations or ancillary testing is warranted.

Strengths of our study include a large sample size from two tertiary referral centers and 

uniform methodology. However, there are several limitations to consider, including loss to 

follow-up, potentially different practice patterns by institution or provider, and the relatively 

small number of ERGs, OCTs, and formal VF tests performed. It is possible that loss to 

follow-up may contribute to the low incidence of vigabatrin toxicity in our population. We 

attempted to limit the effect of institutional differences by having pediatric ophthalmologists 

from both institutions concur on identification of cases of suspected or definite medication-

related toxicity. Due to the small number of ancillary tests, we are unable make firm 

conclusions about the incidence of vigabatrin toxicity or the utility of these tests. However, 

our results add weight to the body of literature that questions the utility of these assessments 

in terms of financial costs, difficulty in identifying clinically meaningful toxicity, and lack of 

influence on clinical decision making.

In what we believe to be the largest study of vigabatrin-related ocular toxicity in children, 

we found that rates of toxicity were low in a real-world screening setting. Given the high 

degree of comorbid conditions that limit visual potential in this population and the clear 

clinical benefit of seizure control that many children receive from vigabatrin, discontinuation 

of vigabatrin may not be warranted even in the event of ocular toxicity. We found that there 

has been a decline in the number of retinal examinations, ERGs, and OCTs being performed 

at our institutions each year, reflecting growing recognition of the limited clinical benefit of 

regular screening examinations and testing for detecting vigabatrin-related ocular toxicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Baseline characteristics

Children with at least 1 fundus/OCT/VF/ERG assessment AFTER initiating vigabatrin No.a

Sex

 Female 145/284 (51.1)

Indication for vigabatrin

 Seizures—systemic/genetic abnormalities 111 (39.1)

  Tuberous sclerosis 49 (17.3)

 Infantile spasms (not otherwise specified) 77 (27.1)

 Seizures—structural brain abnormalities 39 (13.7)

 Lennox-Gastaut syndrome 26 (9.2)

 Hypoxic/perinatal brain injury 16 (5.6)

 Epilepsy (not otherwise specified) 12 (4.2)

 Other 3(1.1)

Age at initiation, years

 Mean ± SD 2.09 ± 2.9

 Median (Q1, Q3) 1.0 (0.6, 2.1)

 Range 0.1 to 16.0

Duration of treatment, months

 Mean ± SD 28.8 ± 33.0

 Median (Q1, Q3) 14.8 (7.1,41.4)

 Range 0.2 to 139.4

Time until first eye assessment (months)

 Mean ± SD 4.62 ± 7.54

 Median (Q1, Q3) 2.07 (0.7, 4.7)

 Range 0.00 to 58.0

 First assessment exclusively for vigabatrin 154 (54.2)

ERG, electroretinogram; OCT, optical coherence tomography; Q1, first quartile; Q3, third quartile; SD, standard deviation; VF, visual field.

a
Parenthetical values indicate percentage, except as noted.
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Table 2.

Examination findings

Study parameter No. (%)

Fundus examinations 283

Abnormal fundus examinations (possibly related) 44 (15.5)

 Not attributable to vigabatrin 40 (14.1)

 Inconclusive 4(1.4)

 Attributable to vigabatrin 0 (0)

ERG 37

Abnormal ERG 12 (32.4)

 Not attributable to vigabatrin 10 (27.0)

 Inconclusive 0 (0)

 Attributable to vigabatrin 2 (5.4)

OCT 19

Abnormal OCT 3 (15.8)

 Not attributable to vigabatrin 3 (15.8)

 Inconclusive 0 (0)

 Attributable to vigabatrin 0 (0)

Visual Fields 6

Abnormal Visual Fields 2 (33.3)

 Not attributable to vigabatrin 2 (33.3)

 Inconclusive 0(0)

 Attributable to vigabatrin 0 (0)

Examination findings UNRELATED to vigabatrin 283

 Cortical visual impairment 81 (28.6)

 Strabismus 63 (22.3)

 Non-medication-related retinal lesionsa 31 (10.9)

 Optic atrophy 37 (13.1)

 Optic nerve hypoplasia 10 (3.5)

 Other optic nerve 6(2.1)

 VF deficit 9 (3.2)

 Otherb 38 (13.4)

 No abnormality 37 (13.1)

ERG, electroretinogram; OCT, optical coherence tomography.

a
Retinal changes included: lacunae, hamartoma, congenital hypertrophy of the retinal pigment epithelium (CHRPE), bear tracks, astrocytoma, laser 

scars, retinal detachment, fungal chorioretinitis, non-medication-related retinal pigment changes.

b
Other included nystagmus, pigment, cataract, microphthalmos, nasolacrimal duct obstruction, corneal abrasion or ulcer, corneal scar or opacity, 

exposure keratopathy, anisocoria, retrolental membrane, subconjunctival hemorrhage, glaucoma, persistent fetal vasculature, iris hypopigmentation, 
iris coloboma.
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