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Abstract

PURPOSE—To investigate the relationships between clinical and full-field electroretinographic 

(ERG) findings and progressive loss of visual function in Stargardt disease.

DESIGN—Retrospective cohort study.

METHODS—We performed a retrospective review of data from 198 patients with Stargardt 

disease. Measures of visual function over time, including visual acuity, quantified Goldmann 

visual fields, and full-field ERG data were recorded. Data were analyzed using SAS statistical 

software. Subgroup analyses were performed on 148 patients with ERG phenotypic data, 46 

patients with longitudinal visual field data, and 92 patients with identified ABCA4 mutations (46 

with 1 mutation, and 47 with 2 or more mutations).

RESULTS—Of 46 patients with longitudinal visual field data, 8 patients with faster central 

scotoma progression rates had significantly worse scotopic B-wave amplitudes at their initial 

assessment than 20 patients with stable scotomata (P = .014) and were more likely to have atrophy 

beyond the arcades (P = .047). Overall, 47.3% of patients exhibited abnormal ERG results, with 

rod–cone dysfunction in 14.2% of patients, cone–rod dysfunction in 17.6% of patients, and 

isolated cone dysfunction in 15.5% of patients. Abnormal values in certain ERG parameters were 

associated significantly with (maximum-stimulation A- and B-wave amplitudes) or tended toward 

(photopic and scotopic B-wave amplitudes) a higher mean rate of central scotoma progression 

compared with those patients with normal ERG values. Scotoma size and ERG parameters 

differed significantly between those with a single mutation versus those with multiple mutations.
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CONCLUSIONS—Full-field ERG examination provides clinically relevant information 

regarding the severity of Stargardt disease, likelihood of central scotoma expansion, and visual 

acuity deterioration. Patients also may exhibit an isolated cone dystrophy on ERG examination.

Mutations in the adenosine 5′-triphosphate–binding cassette transporter gene ABCA4 are 

known to result in several phenotypic patterns of retinal degeneration. These include 

Stargardt disease, an autosomal recessive form of juvenile-onset macular dystrophy first 

described in 1905 by Karl Stargardt, who presented cases with foveal atrophy, paramacular 

yellow deposits, and fleck. Other phenotypic presentations of ABCA4 mutations include 

progressive cone–rod degenerations with rapidly expanding central scotomata, often called 

inverse retinitis pigmentosa, and rarely typical retinitis pigmentosa.1–8 The most common 

clinical manifestation of 2 or more ABCA4 mutations is Stargardt disease, which involves 

progressive loss of central vision, with near normal peripheral visual fields. Symptom onset 

of Stargardt disease typically occurs during the first and second decades of life, although 

there is a subgroup of patients who demonstrate symptoms later in life.9 Funduscopic 

findings include pisciform-shaped yellow deposits (or flecks) and macular involvement, 

which can manifest as either a beaten-bronze sheen, macular granularity, a bull’s-eye lesion, 

or retinal pigment epithelium depigmentation with atrophy.10 Our experience has 

demonstrated that the disease course in mutation-proven individuals can vary greatly from 

patient to patient, with variable age of onset as well as differential rates of symptomatic 

progression with respect to visual acuity and visual fields.

Full-field electroretinography (ERG) is one of the methods that has been used to describe 

the severity of Stargardt disease.11–20 The extent of full-field ERG abnormality seems to be 

related to disease severity and has been used to classify the type of photoreceptor 

dysfunction present in Stargardt disease (cone dysfunction vs rod–cone dysfunction vs 

cone–rod dysfunction). The presence of normal full-field ERG results often accompanies a 

clinical diagnosis of Stargardt disease.8,14,21 However, in a limited number of patients with 

more advanced disease, Fishman and associates reported a higher percentage of abnormal 

full-field ERG values.14 More recently, Simonelli and associates used full-field ERG values 

to group patients with ABCA4-associated disease into mild and severe phenotypes.20 In 

contrast, Oh and associates were unable to correlate clinical appearance with full-field ERG 

characteristics in a large cohort of patients.19

Given the variability seen in full-field electroretinographic patterns and Stargardt disease 

progression rates, we sought to examine the prognostic value of full-field ERG results and 

their association with visual field changes in our large cohort of Stargardt disease patients. 

We focused on defining groups based on the clinical progression over time of the central 

scotoma size.

METHODS

The design of this study was retrospective, and approval from the University of Michigan 

Institutional Review Board was granted to perform a retrospective study. All patients signed 

informed consent forms for genetic testing as well as use of their clinical data for research 

purposes.
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A retrospective review was performed of patients with a diagnosis of Stargardt disease who 

were seen at the Kellogg Eye Center, University of Michigan (UM; n = 131) and at the Jules 

Stein Eye Institute at the University of California, Los Angeles (UCLA; n = 67) by the same 

senior investigator (J.H.). The study was approved by the UM Institutional Review Board 

and the UCLA Human Subject Protection Committee. Patients qualified for the study if they 

had received a clinical diagnosis of Stargardt disease, had a pedigree consistent with 

autosomal recessive inheritance, and met one of the following inclusion criteria: (1) 2 

causative mutations in ABCA4; (2) 1 causative mutation in ABCA4 and 1 of the following 

clinical findings: a dark choroid sign, documented pisciform flecks, macular atrophy, 

reduced central acuity, or the presence of central scotoma on Goldmann visual field testing; 

or (3) a clinical diagnosis based on the combined presence of fundus flecks and a dark 

choroid on fluorescein angiography, with mutational analysis pending. It should be noted 

that finding only 1 causative mutation in ABCA4 patients is not unusual.21–24 We did not 

include patients who had no mutations identified in ABCA4 after sequencing of all 50 exons.

All patients underwent comprehensive ocular examinations, Goldmann perimetry (every 

visit), standardized full-field ERG following International Society for Clinical 

Electrophysiology of Vision guidelines,25 fundus photography, and fluorescein angiography. 

ABCA4 mutational screenings were performed at UM, the University of Iowa Carver Lab, 

the University Medical Centre Nijmegen, or through the eyeGENE Research Project at the 

National Eye Institute.

Clinical data collected included: age of symptom onset, family history, best-corrected visual 

acuity, the area of central scotomata for standardized isopters (I4e, III4e, IV4e) on 

Goldmann visual field testing measured by digital planimetry (Placom 45C digital 

planimeter; Koizumi Sokki Mfg Co., Nagaoka Nagata, Japan), retinal distribution of flecks 

and atrophy on fundus photography, and the presence or absence of a dark choroid sign. 

Snellen visual acuities were transformed into logarithm of the minimal angle of resolution 

(logMAR) notation for the purposes of analysis.26

STAGES

The clinical phenotype was evaluated by examining all patient charts and color fundus 

photographs, which were graded by 2 retinal dystrophy specialists (J.H., K.T.J.). Fundus 

flecks and atrophy were scored according to their location on the fundus: presence or 

absence in the macula lutea in the posterior pole.3 These retinal features were used to stratify 

the patients into 3 distinct phenotypes (see Supplemental Figure). Stage I involved flecks 

limited to the macula, whereas stage II included flecks limited to the posterior pole with 

foveal atrophy. Stage III patients had advanced disease and were defined by macular atrophy 

and diffuse flecks throughout the fundus. Stage III in this study is essentially an 

amalgamation of stages III and IV as described previously by Fishman.27 Goldmann visual 

field data (ie, peripheral field, central scotoma, and physiologic blind spot areas) were 

obtained using digital planimetry. Data were recorded from standardized Goldmann visual 

field sheets (Haag-Streit, Bern, Switzerland) and entered by isopters I4e, III4e, and IV4e.

Patients also were separated into 4 distinct groups based on their full-field ERG results at 

presentation. Of note, given different protocols and normal ranges for full-field ERG values 

ZAHID et al. Page 3

Am J Ophthalmol. Author manuscript; available in PMC 2015 July 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



at UCLA and UM (there were 2 sets of normal reference values at UM depending on when 

the full-field ERG results were obtained), the normal means were derived for each center 

separately (eg, scotopic B-wave amplitude mean: UM1–274 μV, UM2–325.36μV, UCLA–

375 μV; photopic B-wave amplitude mean: UM1–166 μV, UM2–125.36μV, UCLA–169 

μV). Patient full-field ERG data were expressed as a percentage of the respective mean for 

each center to facilitate analysis of data compiled from the 2 centers. For the purposes of our 

study, abnormal was defined as 2 standard deviations less than the normal mean values for 

amplitude measures and 2 standard deviations more than the normal mean values for latency 

measures, which were derived separately from control patients seen at UM and UCLA. 

Patients with abnormal photopic and scotopic full-field ERG values whose scotopic 

deficiency was more severe were considered to have rod–cone dysfunction. Patients with 

abnormal photopic and scotopic full-field ERG values with a more severe photopic 

deficiency were considered to have cone–rod dysfunction. Patients with abnormal photopic 

full-field ERG values in the presence of normal scotopic full-field ERG values were 

considered to have cone dysfunction. Finally, patients with normal photopic and scotopic B-

wave amplitudes were considered to have a normal full-field ERG phenotype.

STATISTICAL ANALYSES

Statistical analyses were performed using SAS software version 9.2 (SAS Institutes, Cary, 

North Carolina, USA). Statistical comparisons between groups were made using t tests or 

analyses of variance for continuous variables and chi-square or Fisher exact tests for 

categorical variables. Linear regression was used to estimate the slope of scotoma 

progression. The data for the right eye of each patient were included in statistical analyses, 

given that Stargardt disease is a dystrophy that affects eyes in a nearly symmetrical fashion 

(Tegins EO, et al. IOVS 2011;52:ARVO E-Abstract 5005).

RESULTS

The 198 patients with stargardt disease we studied were on average 25.6 years of age 

(standard deviation [SD], 15.1 years) when symptoms first presented and were on average 

34.5 years of age (SD, 16.2 years) when first seen at either UM or UCLA, and 59.1% (n = 

117) were female. Follow-up was available on subjects for an average of 3.5 years (SD, 5.9 

years) after their initial visit from a mean of 2.8 visits (SD, 4.1 visits). When first seen, 

15.8% (n = 31) of subjects had stage I Stargardt disease, 54.4% (n = 108) had stage II 

Stargardt disease, and 29.9% (n = 59) had stage III Stargardt disease. Baseline and follow-up 

patient data are summarized briefly in Table 1.

VISUAL FIELD ANALYSIS: DIFFERENCES IN SCOTOMA PROGRESSION

We performed a subgroup analysis for those patients for whom we could describe rates of 

central scotoma progression for the I4e isopter using Goldmann visual fields (n = 46). All 

patients with at least 3 Goldmann visual field data points were included, and a slope of 

scotoma progression was calculated for each patient. Based on their rates of scotoma 

progression, we divided these patients into 3 distinct groups. Faster progressors were 

defined as those patients with a rate of scotoma size progression of more than 2 cm2/year (n 

= 8; mean number of scotoma measurements, 6.1; median number of scotoma 
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measurements, 5; range number of scotoma measurements, 3 to 13; mean follow-up, 9.5 

years; median follow-up, 6.4 years; follow-up range, 0.6 to 21.2 years). One outlying fast 

progressor exhibited a scotoma progression rate of 7.8 cm2/year over the course of 4.1 years 

after initial presentation at age 32 years. Nonprogressors exhibited a rate of scotoma size 

progression of less than 1 cm2/year (n = 27; mean number of scotoma measurements, 5.2; 

median number of scotoma measurements, 4.0; range number of scotoma measurements, 3 

to 15; mean follow-up, 8.3 years, median follow-up, 6.9 years; follow-up range, 1.0 to 24.1 

years). The rate of central scotoma progression using the I4e isopter was plotted against 

patient age at first reported scotoma to illustrate these 2 groups and the broad range of ages 

at first scotoma (Figure 1). Comparing available full-field ERG data from these 2 groups, 

the faster-progressing patients (n = 8) had significantly worse scotopic B-wave amplitudes at 

initial presentation than the slowly progressing patients (n = 20; percent of mean, 53% and 

83%, respectively; P = .014, t test). Of note, another group of patients progressed at an 

intermediate rate of 1 to 2 cm2/year (n = 11) and exhibited an intermediate mean for 

scotopic B-wave amplitude (percent mean, 66%). Interestingly, patients with faster clinical 

progression were more likely to have atrophic-appearing retinal pigment epithelium beyond 

the vascular arcades than slower progressors (2 of 8 vs 0 of 27, respectively; P = .047, 

Fisher exact test).

Age of onset in fast progressors averaged 35.7 years, whereas that of nonprogressors 

averaged 29.8 years (P = .429, t test). There were minimal differences in clinical stage at 

presentation between progressors and non-progressors (P = .814, Fisher exact test). There 

was a statistically significant association between gender and scotoma progression. 

Specifically, all fast progressors were female (8/8; 100%), whereas 59% of slow progressors 

were female (16/27; 59%; P = 0.037, Fisher exact test). Average logMAR visual acuities in 

the fast progressors were somewhat worse than those in nonprogressors at the first visit 

(0.78 vs 0.54 logMAR units, respectively; P = .427, t test) and the last visit (1.19 vs 0.76 

logMAR units, respectively; P = .139), although these differences were not statistically 

significant. There were statistically significant differences in scotoma size at the first visit (P 

= .030, t test) and the last visit (P = .004, t test), with the fast progressors exhibiting larger 

average central scotoma sizes at both time points.

FULL-FIELD ELECTRORETINOGRAPHY PHENOTYPE SUBGROUP ANALYSIS: 
CHARACTERIZING ELECTRORETI-NOGRAPHIC ABNORMALITIES

One hundred fifty-one patients had full-field ERG data, of which 148 had both scotopic and 

photopic B-wave amplitude data available for analysis. Of these patients, 47.3% (n = 70) 

had abnormalities of one or both waveforms. The remainder (52.7%; n = 78) had both rod 

and cone amplitudes within the normal range. We categorized the 70 patients with abnormal 

full-field ERG results into groups by the type of full-field ERG abnormality detected: 14.2% 

(21/148) of patients exhibited rod–cone dysfunction, 17.6% (26/148) had cone–rod 

dysfunction, and 15.5% (23/148) had isolated cone dysfunction with normal rod function. 

Full-field ERG phenotypic distribution and abnormalities in each full-field ERG parameter 

from all available data are shown in Figure 2 and Figure 3, respectively. The percentage of 

patients showing abnormal full-field ERG values ranged from 19.6% (scotopic B-wave 

latency) to 63.4% (photopic A-wave latency).
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FULL-FIELD ELECTRORETINOGRAPHY AND SCOTOMA SIZE

Patients who exhibited abnormal photopic and scotopic B-wave amplitudes tended to have a 

higher average rate of central scotoma progression (1.88 cm2/year [n = 19; P = .066] and 

2.05 cm2/year [n = 14; P = .064], respectively) compared with patients with respective 

normal amplitudes (0.78 cm2/year [n = 16] and 0.94 cm2/ year [n = 22], respectively), 

although these differences were not statistically significant. Patients with abnormal 

maximum stimulation A-wave amplitudes exhibited a higher average rate of scotoma 

progression when compared with patients with corresponding normal ERG values (2.56 

cm2/year [n = 11] and 0.87 cm2/year [n = 23], respectively; P = .008, t test). Similarly, 

patients with abnormal maximum stimulation B-wave amplitudes exhibited a higher average 

rate of scotoma progression compared with patients with corresponding normal values (2.08 

cm2/ year [n = 17] and 0.76 cm2/year [n = 17], respectively; P = .030, t test). See Figure 4 

for a comparison of the average rate of scotoma progression between patients with abnormal 

and normal full-field ERG parameters.

FULL-FIELD ELECTRORETINOGRAPHY AND CLINICAL STAGE

When the various full-field ERG testing parameters were compared with the disease stage at 

presentation, patients with abnormal full-field ERG parameters were more likely to have 

more advanced stages of disease when compared with patients with normal full-field ERG 

values. The proportional differences were statistically significant for 7 particular full-field 

ERG parameters. These include photopic and scotopic B-wave amplitudes and latencies (P 

< .0001 for both photopic amplitude and latency; P = .045 and P = .011 for scotopic 

amplitude and latency, respectively), as well as maximum stimulation A-wave amplitude (P 

< .0001) and latency (P = .049) and maximum stimulation B-wave latency (P = .039). These 

data are shown in Figure 5.

DIFFERENCES AMONG FULL-FIELD ELECTRORETINOGRAPHY PHENOTYPES

On average, patients with abnormal full-field ERG values tended to exhibit worse logMAR 

visual acuity values than patients with normal full-field ERG values. This difference was 

statistically significant for the photopic B-wave amplitude and latency, scotopic B-wave 

amplitude, maximal stimulation A-wave amplitude and latency, and maximal stimulation B-

wave amplitude (P = .003, P = .014, P = .015, P = .001, P = .030, and P = .031, 

respectively; Table 2).

Four full-field ERG phenotype groups (normal, cone–rod, rod–cone, and cone only) were 

contrasted for their logMAR visual acuity, central scotoma size, and fundus appearance at 

the time the first full-field ERG results were obtained. The various full-field ERG 

phenotypes exhibited significant differences in logMAR visual acuity and average central 

scotoma size (P = .003 and P < .0001, respectively, analysis of variance F test). A post hoc 

pairwise comparison using Tukey adjustment showed that the logMAR visual acuity was 

significantly worse in patients with cone–rod dysfunction (average, 1.05 logMAR units) 

compared with patients with normal full-field ERG results and patients with rod–cone 

dysfunction (average, 0.60 and 0.59 logMAR units, respectively; P < .05 in each case). Post 

hoc pairwise comparisons using Tukey adjustment showed that central scotoma size was 

significantly worse in patients with a cone–rod phenotype (average size, 17.7 cm2) 
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compared with those with cone-only phenotypes (average size, 5.7 cm2) and normal full-

field ERG phenotypes (average size, 2.9 cm2; all P < .05); patients with a rod–cone 

phenotype also showed significantly larger central scotoma size than those with normal full-

field ERG phenotypes (12.6 vs 2.9 cm2, respectively; P < .05).

Funduscopic findings also were notably different between the different full-field ERG 

phenotypes. Wider macular atrophy (corresponding to higher stages of disease) was 

observed in 40.9% of cone–rod patients, in 30.0% of cone-only patients, in 31.3% of rod–

cone patients, and in 12.7% of normal patients, whereas atrophy outside the vascular arcades 

was seen in 22.7% of code–rod patients, in 18.8% of rod–cone patients, in 10.0% of cone-

only patients, and in 1.4% of normal patients. In particular, patients with a cone–rod full-

field ERG phenotype were more likely to have wider macular atrophy and atrophy outside 

the vascular arcades (P = .023 and P = .002, respectively, extended Fisher exact test) than 

patients with rod–cone, cone-only, and normal full-field ERG phenotypes.

MUTATIONAL STATUS SUBGROUP ANALYSIS: 1 PROVEN MUTATION VERSUS 2 OR 
MORE PROVEN MUTATIONS

We evaluated differences between the 46 patients with 1 mutation and the 47 who had 2 or 

more mutations (36 patients with 2 mutations and 11 patients with 3 detected mutations). 

Average follow-up times for those who had 1 versus multiple mutations were comparable at 

4.0 years each. Age of onset was significantly different between the groups. Patients with 2 

or more mutations manifested symptoms at a younger age than those with 1 mutation (mean 

age, 20.6 vs 29.3 years, respectively; P = .009). The average rate of central scotoma size 

progression over time was somewhat greater in patients with multiple mutations (1.65 cm2/

year) compared with those with 1 mutation (1.14 cm2/year), but this difference was not 

statistically significant (P = .480). On average, patients with 2 or more mutations had 

nonsignificantly larger central scotomata at their last visit than patients with 1 mutation 

(mean area, 12.1 and 8.4 cm2, respectively; P = .325). An evaluation of differences in full-

field ERG parameters between the 2 mutation groups showed consistently fewer patients 

with aberrant photopic and scotopic B-wave amplitudes in those with 1 mutation, but the 

intergroup differences were not statistically significant (P = .191 and P = .353, respectively).

DISCUSSION

The variability in rates of clinical progression in patients with Stargardt disease poses 

multiple challenges for patients and ophthalmologists alike. Uncertainty regarding visual 

prognosis complicates patient counseling and makes therapeutic risk-benefit determinations 

more difficult. It also confuses the evaluation and eligibility criteria for clinical trials. Our 

study presents a meaningful prognostic relationship between full-field ERG testing and 

Stargardt disease progression rates and explores phenotypic differences in patients with 1 

versus 2 proven mutations.

Although variability in progression between patients has been noted before, our study 

revealed that many patients do not exhibit progressive scotomata and that a smaller group 

progress rapidly. Although this is not a new finding, an interesting difference was found 

between these 2 groups. Patients who progressed rapidly (scotoma progression of more than 
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2 cm2/year by Goldmann testing) tended to have significantly worse scotopic B-wave 

amplitudes at presentation (P = .014). It is important to note that only a limited number of 

these patients had available data from at least 3 visits, which resulted in small subgroups; 

therefore, the true rate of progression may have been underestimated for this group of faster-

progressing Stargardt disease patients. Further, although the rapid progressors span various 

ages at first presentation with scotoma, it may be possible that we happened to capture them 

at a time when their scotomata were maturing to their final size.

With respect to full-field ERG analysis, it is a commonly held view that normal full-field 

ERG results provide supportive evidence in making a clinical diagnosis of Stargardt 

disease.8,14,21 Our findings do not support this view. A large proportion of our cohort 

(47.3%) exhibited a full-field ERG abnormality that we categorized into distinct abnormal 

phenotypes. In fact, the mean scotoma progression rates tended to be higher for patients with 

abnormalities in 1 of the full-field ERG parameters when compared with Stargardt disease 

patients with normal full-field ERG results. Specifically, abnormal photopic and scotopic B-

wave amplitudes had borderline significant associations with higher scotoma progression 

rates, whereas abnormal maximum stimulation A-wave and B-wave amplitudes were 

associated significantly with higher progression rates. Although the importance of this 

finding will be heightened if these abnormal full-field ERG parameters are found to be 

predictive of more rapid progression in a prospective study, these relationships may be 

useful to consider now, given the limited prognostic information available in the literature.

Our study also found a clinically relevant association between full-field ERG values at 

patient presentation and clinical stage with respect to funduscopic examination results. The 

data reveal that abnormal full-field ERG parameters are associated significantly with a more 

severe clinical stage, including photopic and scotopic B-wave amplitudes and latencies, 

maximum stimulation A-wave amplitude and latency, and maximum stimulation B-wave 

latency. Some previously published reports have not found any relationship between clinical 

stage and full-field Ganzfeld ERG values.18,19 However, our findings are consistent with the 

findings of Lois and associates, who reported a high frequency of patients with abnormal 

focal ERG findings, which led them to group patients based on the type of ERG abnormality 

found at the fovea.11 Finally, our results are consistent with those of other studies that have 

found that a substantial percentage of patients with Stargardt disease have abnormal full-

field ERG values, which included patients exhibiting values reflecting isolated cone 

dysfunction usually suggestive of cone dystrophy.12,16,17 It is important to note that it is 

possible that the associations we have made between full-field ERG results at first 

examination and clinical phenotype, visual acuity, and progression rate, may just be a 

marker for more severe disease, rather than a marker for long-term prognosis. The clinical 

distinction between severity and prognosis is important to consider, especially given the 

retrospective nature of this study and the lack of long-term follow-up in some patients. This 

distinction can be explored properly only in a prospective study with longitudinal data for 

full-field ERG parameters, quantified scotomata, and visual acuity. Furthermore, given that 

multiple full-field ERG parameters were compared individually with different outcome 

measures, the possibility that significant associations are the result of chance alone may be 

increased.
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Many of our patients exhibited only 1 mutation on ABCA4 mutation screening. Our 

comparisons of multiple parameters in patients with 1 mutation versus those with multiple 

mutations showed consistently more severe values in the latter group. This was significant 

for a younger age at onset in those with multiple mutations. Other insignificant findings, 

including the percentage with abnormal photopic and scotopic B-wave amplitudes on initial 

examination, the average rate of scotoma progression, and the central scotoma size, showed 

consistently less severe values in the 1-mutation group. Although variability in responses 

and limited power resulting from sample size may have contributed to the lack of statistical 

significance of these findings, a carefully designed, well-powered, prospective study re-

examining the severity of phenotype based on the number of identified ABCA4 mutations 

may be fruitful.

Multiple other Stargardt disease genotype analyses also have reported finding only 1 

mutation, or have failed to detect any mutations despite patients’ exhibiting Stargardt 

disease phenotypes.21,22,24,28 The reasons for this phenomenon are unclear, and could be 

attributed to an abundance of accumulated polymorphisms distorting protein structure in the 

opposite allele, deletions that may be undetectable by current methodologies, or mutations in 

introns.29 It is also possible these patients have mutations in genes that have not yet been 

associated with Stargardt disease. No patients found to have single ABCA4 mutations had 

any sign of dominant inheritance, suggesting that the other allele had a mutation 

undetectable by current methods. Given the retrospective nature of this study, it was not 

possible to perform segregation analysis for many of our families. It is possible that the 

phenotypic difference is caused by a hypomorphic allele (an allele exhibiting reduced levels 

of gene activity) that may alter the disease progression. As with any inherited disease, 

alternative genetic modifiers or environmental influences are putative causal factors that 

explain the observed differences. More mechanistic information likely can be found by 

exploring the cause and course of disease in this interesting subset of patients.

With gene-based therapies on the horizon for ophthalmic diseases, a better understanding of 

age of onset and scotoma progression rates may prove helpful in identifying mutations as 

more or less severe. These data are valuable for patient counseling and discussing prognosis, 

as well as for selecting and matching patients with controls for future gene therapy and 

pharmaceutical clinical trials. These include submacular injections of ABCA4 (StarGen; 

ClinicalTrials.gov identifier: NCT01367444) being performed as part of a phase I/IIa study, 

and pharmaceutical therapies such as Fenretinide, which is due to enter the clinical trial 

phase for Stargardt disease in the near future.30 For all these therapies, it will be important to 

identify the patients who would benefit most from the risks associated with intervention. 

Based on the revelations from our study, this group of patients may include those who 

progress most rapidly and who exhibit specific abnormal full-field ERG parameters.

There were some limiting factors in the study. Our cohort contained patients who had 

limited follow-up as well as many who had pending mutational analysis, which resulted in 

reduced numbers in our subgroup analyses. The full-field ERG results we assessed were 

obtained at different times in the patients’ clinical courses. Furthermore, although data 

analyzed were from 2 different ERG laboratories, they both used identical methods, and we 

adjusted the results as a percentage of the mean normal value for each laboratory for the 
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analysis. Visual acuity was not measured using the Early Treatment Diabetic Retinopathy 

Study charts, and Goldmann visual fields were not performed by the same perimetrist, 

although standard isopters and testing methods were used in all patients. Many of the 

outcomes we measured, such as visual acuity, Goldmann visual fields, and full-field ERG 

amplitudes, are known to exhibit test–retest variability. These problems have the possibility 

of creating sufficient variability to limit the ability to uncover significant differences in this 

study. Limitations such as these are common in retrospective studies. However, the presence 

of certain abnormal full-field ERG parameters may serve as a useful tool to identify patients 

at risk of faster scotoma progression rates and may be an important stratification variable to 

consider in randomizing patients to treatment and control groups when testing novel 

therapies. A well-designed, standardized, prospective study will be invaluable in validating 

and expanding on the prognostic findings of this study. Such a study would be able to define 

more accurately disease severity and useful prognostic markers in Stargardt disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Graph showing scotoma progression rate in patients with Stargardt disease. Patients with at 

least 3 visits had scotoma sizes quantitated with planimetry. Scotomata progression of more 

than 2.0 cm2/year is depicted as dark grey diamonds, and patients with progression of less 

than 1.0 cm2/year are shown as light grey squares. Quickly progressing patients had an 

average progression rate of 4.04 cm2/year compared with the slowly progressing patients, 

who exhibited an average progression rate of 0.29 cm2/year.
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FIGURE 2. 
Bar graph showing full-field electroretinography (ERG) phenotypes in patients with 

Stargardt disease from all available ERG data: 47.3% all Stargardt patients exhibited 

abnormal full-field ERG results.
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FIGURE 3. 
Bar graph showing the percent of abnormal results by full-field electroretinography (ERG) 

parameter in patients with Stargardt disease. Percentage of patients with abnormal full-field 

ERG parameters are shown. All values less than 2 standard deviations from the mean were 

considered abnormal for amplitude measures, and all values more than 2 standard deviations 

from the mean were considered abnormal for latency measures.
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FIGURE 4. 
Bar graph showing full-field electroretinography (ERG) parameter versus scotoma 

progression rates in Stargardt disease. Patients with abnormal full-field ERG parameters 

tended toward exhibiting larger average scotoma progression rates, with abnormal photopic 

and scotopic B-wave amplitudes nearing statistical significance. Abnormal maximum 

stimulation A-wave and B-wave amplitudes were associated significantly with larger 

average scotoma progression rates.
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FIGURE 5. 
Bar graph showing the percent of patients with abnormal electroretinography (ERG) 

parameters by disease stage in Stargardt disease. P values correspond to the comparison of 

the distribution of disease stages with abnormal versus normal values of each full-field ERG 

parameter using an extended Fisher exact test. Abnormal full-field ERG parameters, in 

particular photopic and scotopic B-wave amplitudes and latencies, maximum stimulation A-

wave amplitude and latency, and maximum stimulation B-wave latency, were statistically 

significantly associated with higher disease stages.
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TABLE 1

Baseline and Follow-up Data for Patients with Stargardt Disease

Continuous Variables Mean (SD) Minimum, Maximum Median

Age (y)

 At first visit (n = 196) 34.5 (16.2) 7.2, 79.7 32.5

 At symptom onset (n = 167) 25.7 (15.0) 5.0, 72.0 22.0

Follow-up (y, n = 198) 3.5 (5.9) 0.0, 29.7 0.5

No. of visits (n = 198) 2.8 (4.1) 1.0, 38.0 2.0

BCVA (logMAR)

 At first visit (n = 179) 0.71 (0.54) 0.00, 2.30 0.60

 At last visit (n = 184) 0.81 (0.57) −0.12, 2.30 1.00

I4e scotoma size (cm2)

 At first visit (n = 160) 6.4 (12.0) 0.0, 76.8 1.6

 At last visit (n = 160) 10.5 (16.7) 0.0, 86.5 3.5

 Categorical Variables Percent

Sex (n = 198)

 Male 40.9

 Female 59.1

Disease stage at presentation (n = 184)

 I 15.8

 II 54.4

 III 29.9

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; SD = standard deviation.
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