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Purpose: To report the ultrawidefield fundus autofluorescence (UWF-FAF) patterns in
ABC4A Stargardt disease.

Methods: A retrospective cohort study of patients with a clinical diagnosis of Stargardt
disease, confirmed ABCA4 genotype, and ultrawidefield fundus autofluorescence imaging
using an Optos P200Tx. Four independent graders evaluated the images. Ultrawidefield
fundus autofluorescence images were evaluated for the presence of posterior pole and
peripheral findings, and were classified into one of three types (Type I: lesions confined to
the macula with no peripheral findings; Type II: macular atrophy with flecks only in the
periphery; Type III: macular atrophy and varying degrees of peripheral atrophy).

Results: Ultrawidefield fundus autofluorescence was performed on 58 eyes of 29
patients. Reviews of images revealed the presence of peripheral (outside the 55° view of
standard nonwidefield FAF imaging) alterations on UWF-FAF in 76% of eyes. Overall, the
UWF-FAF pattern was classified as Type I in 24% eyes (14/58), Type II in 24% (14/58), and
Type III in 52% (30/58). The most common genetic mutations were c.2588G.C (6/29
patients, 20.7%), and c.5882G.A (5/29 patients, 17.2%).

Conclusion: Ultrawidefield fundus autofluorescence reveals peripheral changes in the
majority of patients with Stargardt disease. Peripheral FAF changes may have implications
for diagnosis, prognosis, and management of individual patients with Stargardt disease.
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As is true in many conditions, the definition of Star-
gardt disease (STGD) has substantially narrowed

since first described by Stargardt in 1909.1 Despite this
refinement, STGD remains the most common juvenile
macular dystrophy with an incidence of �1/10,000
individuals worldwide.2 Clinically, patients typically
present with central vision loss in childhood or early
adulthood, central scotomata, and irregular yellow-
white outer retinal flecks, and an atrophic maculopathy
which may be progressive throughout life.3 Significant
clinical heterogeneity exists in the findings, presenta-
tion, severity, and course of STGD phenotypes among

families with the disorder, even in patients with similar
genotypes.4–8 Furthermore, even though presenting
changes often occur in the macula, and early defini-
tions focus on macular features of the condition,
numerous reports indicate there is widespread retinal
dysfunction as evidenced by clinical examination,
visual field testing,9 and electroretinography.10

The majority of STGD cases are caused by autosomal
recessive mutations of ABCA4,11 but Stargardt-like
phenotypes may be inherited in an autosomal dominant
manner with mutations in PROM112 and ELOVL4.13

Mutations in ABCA4 may also cause related disorders
such as cone-rod dystrophy and autosomal recessive
retinitis pigmentosa,14 or potentially age-related macular
degeneration.15 ABC4A encodes an adenosine triphos-
phate (ATP)-binding cassette (ABC) transport protein
expressed in both cones and rods, which is involved
in the transport of all-trans-retinal. As a critical substrate
in the visual cycle, perturbation of the transport of all-
trans-retinal negatively impacts this complex cascade of
cellular, enzymatic, and biochemical processes. Once
outer segment shedding and subsequent phagocytosis
of the outer segment by the retinal pigment epithelium
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(RPE) occurs, all-trans-retinal is converted to a bisreti-
noid, A2E (N-retinylidene-N-retinylethanolamine), and
then further processed by the visual cycle. A2E, which
has been thought to be a major component of lipofuscin,
accumulates with the abnormal ABC transport protein,
and leads to the death of the RPE cells and overlying
photoreceptors.16

Over 800 mutations in the ABCA4 gene may cause
autosomal recessive STGD with a wide range of ef-
fects on ABCR protein function.17 Phenotypes of this
disorder exhibit tremendous variability because of
extensive genetic heterogeneity,18,19 nonexomic muta-
tions,20 high carrier frequency of pathogenic ABC4A
alleles in the general population (�1/20), and clinical
variability with the general course of the disease (i.e.,
unique phenotype at a specific time point). Given the
significant allelic heterogeneity, the relative patho-
genic contribution of individual alleles remains diffi-
cult to assess since few individuals share the same
biallelic combinations.21 The combinations of muta-
tions within a particular individual suggest the pheno-
type may be predicted by the functionality of the
remaining ABCA4 protein, with lower amounts of
functional protein being associated with more severe
disease.22 It has also been suggested that certain types
of mutations such as truncating, severe misfolding,
and intronic or splice-variant mutations may result in
increased functional loss of ABCR protein and more
severe disease.23 Phenotypic evaluation might be
greatly enhanced by reproducibly assessing general
RPE function, specifically assessing the visual cycle
through the presence and absence of photoreceptor
outer segment metabolites.
Fundus autofluoresence (FAF) is a noninvasive

imaging modality24 that has increased in popularity
with modern confocal scanning laser ophthalmoscope
systems.25 It can readily identify areas of atrophy with
decreased autofluoresence associated with RPE cell
death as well as accumulation of lipofuscin with areas
of increased hyperautofluorescent signal in STGD.26

Reports have indicated the utility of FAF to follow
STGD disease progression over time, as the autoflour-
escent signal indicates the relative state of the visual
cycle.27,28 Fundus autofluoresence using a 30 to 55
degree imaging, has led to a description of 3 types
of FAF patterns in the posterior pole in STGD.29 A
previous report has attempted to correlate nonwide-
field FAF to genotypes in STGD.30 Widefield FAF
has been used to expand upon the description and
classification of other retinal dystrophies,31,32 age-
related macular degeneration,33 and retinal detach-
ment.34 The purpose of the current study is to report
ultrawidefield fundus autofluorescence (UWF-FAF)
imaging characteristics and patterns in ABC4A STGD.

Methods

A retrospective review was conducted at the Stein
Eye Institute, University of California, Los Angeles, of
patients examined between 2012 and 2016 with Insti-
tutional Review Board approval. Patients with positive
ABCA4 genotyping and ophthalmoscopic findings
consistent with Stargardt macular dystrophy (white-
yellow flecks at the level of the RPE, RPE changes,
macular atrophy/bull’s eye macular atrophy), and were
considered eligible for the study. Only patients who also
had had Optos UWF-FAF performed were included.
A review of electronic medical records was per-

formed in which demographic data, medical history,
ocular history, visual acuity, slit lamp biomicroscopy,
ophthalmoscopy, and other ancillary testing including
fundus photography, optical coherence tomography,
fluorescein angiography, electrooculography, and elec-
troretinography (ERG) were reviewed when available.
Ultrawidefield fundus autofluorescence was ob-

tained using a 532 nm excitation and 570 nm to 580
nm detection strategy with the Optos 200Tx scanning
laser ophthalmoscope (Optos PLC, Dunfermline, Scot-
land, United Kingdom). Although the camera is able to
capture images without dilation, patients were rou-
tinely dilated for clinical examination at the same visit.
The images from both eyes of each patient were
chosen for descriptive image analysis.
Images were evaluated for patterns of abnormal

autofluoresence: macular atrophy (fovea sparing vs.
not fovea sparing), hyperfluorescent flecks (macular vs.
peripheral), hypofluorescent flecks (macular vs. periph-
eral), as well as other abnormalities, with particular
attention to the transition zone between the peripheral-
most extent of the flecks and normal appearing anterior
retina. The presence or absence of peripapillary sparing
was also noted. To compare images obtained from the
Optos UWF-FAF with traditional FAF, an outline of
this typical 55° field was superimposed on the Optos
image using Photoshop CS5 software (Photoshop CS5;
Adobe, San Jose, CA). Four experienced trained readers
(S.D.S., V.S., I.T., M.A.K.) independently analyzed
each UWF-FAF image for the presence of retinal
pathology. Special attention was paid to the peripheral
retina, defined as the region outside the 55° field of view
which can be achieved with traditional FAF platforms.
A previous study described FAF pattern subtypes in

STGD, but used nonwidefield imaging describing
patterns confined to the posterior pole (30–55°).29 A
new UWF-FAF classification is described and im-
plemented in this study with three patterns: Type I,
Type II, and Type III (Table 1). Briefly, Type I con-
sisted of lesions confined to the macula with no
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peripheral findings. Type II consisted of macular
atrophy with FAF alterations corresponding to flecks
in the periphery. Type III consisted of macular and
peripheral atrophy with three subtypes of peripheral
atrophy patterns defined: IIIA—mild to moderate
atrophy (most often in a punctate pattern) extending to
or beyond the equator; IIIB—severe atrophy extending
from macula to equator; IIIC—extensive, severe
atrophy extending anterior to the equator (Table 1).
Descriptive statistics were performed in Microsoft

Excel (Microsoft Inc, Redmond, WA). A one-way
analysis of variance was performed to evaluate the
effect of age on UWF-FAF subtype using SPSS
Version 24 (SPSS Inc, Chicago, IL).
Genetic testing was performed by Prevention

Genetics (Marshfield, WI), Casey Eye Institute Molec-
ular Diagnostic Laboratory (Portland, OR), EyeGene
(NIH, Bethesda, MD), or GeneDx (Gaithersburg,
MD). Standard PCR amplification and sequencing of
full coding regions for each patient were performed
and compared with reference standards. All differ-
ences and sequence variants were reported.

Results

Twenty-nine patients were included in this study;
66.5% (N = 19) of patients were women. The average
age was 46 years (range 22–73 years, SD 15 years);
46.4% (N = 13 patients) were younger than 45 years of
age. Visual acuity at time of imaging, as well as other
demographic data and summary of the cohort, are pre-
sented in Table 2.
Ultrawidefield fundus autofluorescence classification,

UWF-FAF characteristics, and corresponding genotype
for each patient are shown in Table 2. Of note, the
assigned UWF-FAF classification was the same in both
eyes of all subjects in this cohort, yielding a congruent
classification in 100% of patients (29/29). About other
characteristics of the lesions, such as the presence of

peripapillary or foveal sparing, findings were symmetric
in 89.6% of cases (26/29, 2 cases with asymmetric foveal
sparing, 1 case of asymmetric peripapillary sparing).
Overall, the UWF-FAF pattern was classified as Type
I (Figure 1) in 24% eyes (14/58), Type II (Figure 2) in
24% (14/58), and Type III in 52% (30/58). The eyes
deemed to be Type III were further subclassified based
on the pattern of peripheral atrophy, and 13.7% of eyes
were Type IIIa (Figure 3), 20.1% Type IIIb (Figure 4),
6.9% Type IIIa/IIIb (Figure 5), and 10.3% Type IIIc
(Figure 6). Among the 13 patients less than 45 years
of age at the time of UWF-FAF imaging, 38.5% (5/13)
had Type III classification, 38.5% (5/13) had Type I
classification, and 23.1% (3/13) had Type II classifica-
tion. A one-way analysis of variance between subjects
was conducted to compare the effect of patient age on
UWF-FAF Type (I/II/III), and was not found to be sta-
tistically significant [F(2,26) = 1.397, P = 0.265]. Simi-
larly, a one-way analysis of variance to evaluate the
effect of age on all UWF-FAF subtypes (I/II/IIIa/IIIb/
IIIc) was performed, also yielding a nonstatistically sig-
nificant result [F(4,24) = 0.664, P = 0.623]. Therefore,
patient age does not appear to be associated with
UWF-FAF type in this cohort.
Additional peripheral UWF-FAF (outside 55°)

abnormalities were also noted in 72.4% of cases
(21/29). Peripheral increased hyperautofluoresence at
the anterior border of the peripheral flecks at the pre-
sumed transition zone to a “normal-appearing” (or at
least, less diseased) retina was noted in 41.4% of eyes
(24/58, Figure 7). A posterior polar zone of increased
hyperautofluoresence in a circular pattern outside the
arcades was observed in 24.1% of eyes (14/58, Figure
8). Other infrequent peripheral findings on UWF-FAF
images included: 1) one case (Type II classification)
with a temporal semicircular crescent moon-shaped
patch of increased hyperautofluoresence in both eyes
anterior to the FAF abnormalities corresponding to
peripheral flecks, and 2) an additional case with mot-
tled peripheral FAF with areas of increased and

Table 1. UWF-FAF Patterns in Stargardt disease

Classification with UWF-FAF

Type I Central atrophy with or without flecks confined to posterior pole—No findings outside 55° field of view
Type II Central atrophy with flecks only extending outside posterior pole
Type III Central atrophy and significant extramacular flecks

and atrophy extending outside posterior pole
Subtypes

A: mild/moderate atrophy (most often in punctate
pattern) extending to or beyond equator

B: severe atrophy extending from macula to
equator

C: extensive, severe atrophy extending anterior to
equator

Posterior pole defined as 55° field of view found in standard non-widefield FAF systems.
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Table 2. Summary of Cohort

UWF-FAF
Type ID Age Sex VA OD VA OS Gene 1 Gene 2 Gene 3

I 4 23 F 20/60 20/60 c.564delA c.2588G.C N/A
I 9 39 F 20/500 20/320 c.1804C.T c.5882G.A c.6729

+21C.T
I 10 23 M 20/70 20/80 c.1995C.A c.5882G.A c.4256T.C
I 12 42 F 20/250 20/250 c.2829delG c.5882G.A N/A
I 13 28 F 20/250 20/200 c.5882G.A c.5917delG N/A
I 17 54 M 20/40 20/100 c.1622T.C c.3113C.T N/A
I 29 53 F CF 2FT CF 3FT c.4771G.A none N/A
II 1 50 F 20/200 20/200 c.2588G.C c.4139C.T N/A
II 2 62 M 20/125 20/250 c.5461-10T.C N/A N/A
II 5 53 F 20/160 20/100 c.2588G.C c.4918C.T c.2828 G.A
II 8 45 F CF 8FT 20/200 c.2041C.T c.6089G.A N/A
II 11 73 M 20/800 20/800 c.5882G.A none N/A
II 15 37 M 20/300 CF 2FT c.5714+5G.A c.5898+2T.C N/A
II 16 22 M 20/125 20/100 c.1622T.C c.5714+5G.A c.3113C.T
IIIa 3 59 F CF 3FT CF 3FT c.2588G.C c.5461-10T.C N/A
IIIa 6 32 F 20/150 20/100 c.1715G.A c2588G.C c.5206T.C
IIIa 19 36 F 20/150 20/250 c.4537dupC c.6686T.C N/A
IIIa 24 58 M 20/250 20/250 c.71G.A c.4222T.C and c.4918C.T N/A
IIIa/IIIIb 14 46 M HM HM c.5917delG c.1018T.C N/A
IIIa/IIIb 27 25 F HM HM c.5318C.T c.5318C.T N/A
IIIb 7 65 M CF 2FT CF 2FT c.2041C.T c.2588G.C N/A
IIIb 18 51 F 20/40 20/60 c.4519G.A c.6221G.T N/A
IIIb 22 53 F HM HM c.768G.T c.3304G.T N/A
IIIb 23 68 F 20/400 20/300 c.71G.A c.4222T.C and c.4918C.T N/A
IIIb 26 54 M HM CF IVS12+2T.G IVS12+2T.G N/A
IIIb 28 28 F CF 1FT CF 1FT c.1619_1622delCTCT c.5196+1G.A N/A
IIIc 20 25 F 20/400 20/500 c.4577C.T c.2161-8G.A N/A
IIIc 21 57 F CF 2FT CF FACE c.4469 G.A none N/A
IIIc 25 63 F CF 1FT 20/100 c.4594G.A c.4222T.C and c.4918C.T N/A

UWF-FAF
Type ID

Peripapillary
Sparing (Y/N)

Fovea Sparing
(Y/N) OS Same? (Y/N)

Other UWF- FAF
Findings ERG Results

I 4 Y Y Y none slightly decreased
cone and rod
function

I 9 Y Y Y none normal, no cone
dystrophy

I 10 Y Y Y posterior pole
hypeFAF OU

mildly reduced cones

I 12 Y Y Y posterior pole
hypeFAF OU

none

I 13 Y N Y posterior pole
hypeFAF OU

dark adapted
responses normal,
condition may be
limited to macula

I 17 Y Y Y—temporal
hypoFAF from laser
scars to HST

posterior pole
hypeFAF OU

borderline abnormal
under photopic &
scotopic conditions

I 29 N N Y none none
II 1 Y N Y temporal crescent

moon of hyperFAF
OU

OS borderline rod
response but
generally
appropriate, cones
abnormal centrally
and paracentrally OU

II 2 Y N Y hypoFAF from laser
scars to HST OU

none
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decreased hyper- and hypoautofluoresence (Figure 9).
Additionally, in 17.2% of eyes (10/58) on UWF-FAF,
there appeared to be peripheral flecks and atrophy that

respected an inferior demarcation (Figure 10) line
thought to be related to closure of the optic fissure,35

or watershed zone, for choroidal vasculature, with

Table 2. (Continued )

UWF-FAF
Type ID

Peripapillary
Sparing (Y/N)

Fovea Sparing
(Y/N) OS Same? (Y/N)

Other UWF- FAF
Findings ERG Results

II 5 Y Y N—not fovea sparing
OS

posterior pole
hypeFAF OU

grossly normal rod,
slightly decreased
cone with
abnormalities
centrally

II 8 Y Y Y none none
II 11 Y N Y peripheral nasal and

temporal mottled
FAF OU

rods normal slightly
decrease cone
isolated
amplitudes

II 15 Y N Y hyperFAF at edge of
flecks OU

none

II 16 Y N Y hyperFAF at edge of
flecks OU

none

IIIa 3 Y N Y hyperFAF at edge of
flecks OU

none

IIIa 6 Y Y N—not fovea sparing
OS

none none

IIIa 19 Y N Y hyperFAF at edge of
flecks OU

none

IIIa 24 Y N Y hyperFAF at edge of
flecks OU

none

IIIa/IIIIb 14 Y N Y none severely depressed
across all stimuli,
cone responses
barely recordable

IIIa/IIIb 27 Y N Y hyperFAF at edge of
flecks OU and
posterior pole
hypeFAF OU

abnormal cone
responses, dark-
adapted response
mildly abnormal

IIIb 7 N N N—peripapillary
sparing OS

hyperFAF at edge of
flecks OU

none

IIIb 18 Y Y Y hyperFAF at edge of
flecks OU

none

IIIb 22 Y N Y none abnormal across all
stimuli, cone-rod
pattern of loss,
mfERG abnormal
at all locations
centrally

IIIb 23 Y N Y hyperFAF at edge of
flecks OU

none

IIIb 26 N N Y hyperFAF at edge of
flecks OU

severe dysfunction of
cone and rod
systems

IIIb 28 Y N Y none none
IIIc 20 Y N Y posterior pole

hypeFAF OU
none

IIIc 21 N N Y hyperFAF at edge of
flecks OU

none

IIIc 25 N N Y hyperFAF at edge of
flecks OU

none

CF, counting fingers; HM, hand motion; HST, horseshoe retinal tear; hyperFAF, hyperautofluoresence; hypoFAF, hypoautofluoresence;
N, no; OD, right eye; OS, left eye; OU, both eyes; VA, visual acuity; Y, yes.
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STGD-related abnormalities more prominent on the
temporal aspect of this demarcation line.
Genotype results for this cohort are summarized in

Table 2. Eight patients had three abnormal ABCA4
variants detected. Four patients had only one disease-
causing mutation identified by the genetic testing
methods performed. Two patients had homozygous mu-
tations. Three patients were siblings (Subjects 23, 24,
25). The most common genes identified in this study
included: c.2588G.C (6/29, 20.7%), c.5882G.A (5/
29, 17.2%), c.4222C.T/c.4918C.T (3/29, 10.3%),
c.2041C.T (2/26, 6.9%), c.5917delG (2/29, 6.9%),

c5714+5G.A (2/29, 6.9%), c.1622T.C (2/29, 6.9%),
c.3113C.T (2/29, 6.9%), c.71G.A (2/29, 6.9%), and
c.5461-10T.C (2/29, 6.9%).
Electroretinography (full field, and some cases with

multifocal testing as noted, Table 2) was performed
and available for review in 41.4% of patients (12/
29). Severely reduced ERG was noted in three cases,
and this was associated with UWF-FAF classification
of Type III in all cases. In the remaining nine cases
with only mild reduction of amplitudes on scotopic
and photopic ERG, UWF-FAF classification was
either Type I or Type II.

Fig. 1. Type I UWF-FAF pat-
tern in Stargardt disease. Type I
pattern with FAF changes con-
fined to the posterior pole
(,55° field of view, A and B).
The Optos is also capable of
providing high-resolution im-
ages of the posterior pole (C
and D) to evaluate the macula in
greater detail. These magnified
images also depict the typical
field of view of current non-
widefield FAF systems.

Fig. 2. Type II UWF-FAF pat-
tern in Stargardt disease. Type
II pattern displays central atro-
phy with increased hyper- and
hypoautofluorescent changes
secondary to the flecks extend-
ing to the equator (A and B).
Note there is no significant
periphery atrophy. The FAF
changes secondary to flecks
may also extend anterior to the
equator in this Type II
classification.
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Discussion

This is the initial report correlating UWF-FAF
patterns as a feature of STGD phenotype with ABCA4
confirmed genotypes. Images were classified into three
types: Type I with findings restricted to the posterior
pole with no peripheral FAF changes; Type II with
central atrophy only, and with peripheral flecks and
associated FAF changes; and Type III with macular
atrophy, peripheral FAF changes secondary to flecks,
and varying degrees of peripheral atrophy. The pres-
ence of peripheral findings was defined as abnormalities
outside the 55° field of view of current nonwidefield
FAF systems.
Ultrawidefield imaging is an emerging technology

that has been instrumental in the diagnosis, manage-
ment and treatment of many vitreal-retinal conditions
including diabetic retinopathy,36 retinal vascular occlu-
sions,37,38 sickle cell retinopathy,39 ocular oncology,40

retinal detachment,41 age-related macular degenera-
tion,42 retinopathy of prematurity43 and uveitis.44

Regarding retinal degenerations, recent studies have

been published on retinitis pigmentosa, cone/cone-rod
dystrophy, and choroidal dystrophies.32,45–47 One of
these studies suggested that objective UWF-FAF find-
ings could be used to estimate visual field function in
retinitis pigmentosa.45 Furthermore, the use of the term
“Stargardt macular dystrophy” may be used to describe
the early phenotype of the disease, however, multiple
studies have suggested that STGD has generalized ret-
inal dysfunction as measured by ERG10 and other ancil-
lary testing. This study also confirms that the peripheral
retina is a region that is significantly affected in STGD,
and as such, UWF-FAF may be an important imaging
modality to assist in the monitoring of STGD patients.
Our data suggests that more extensive UWF-FAF pat-
terns, such as the Type III pattern as defined in this
study, are expected to be associated with more severe
panretinal ERG dysfunction. Additional studies are
needed to correlate specific UWF-FAF findings and
ERG results, particularly with quantitative UWF-
FAF.48–50 Likewise, in future trials of stem cell or gene
therapy for STGD,51,52 particularly with subretinal
delivery, UWF-FAF may be an important imaging

Fig. 3. Type IIIa UWF-FAF
pattern in Stargardt disease.
Type IIIa pattern displays cen-
tral and mild peripheral atrophy
most often in a punctate, circu-
lar pattern (A and B, yellow
arrows). There are most often
also mottled areas of increased
hyper- and hypoautofluorescent
changes secondary to flecks
extending to the equator and/or
anterior to the equator.

Fig. 4. Type IIIb UWF-FAF
pattern in Stargardt disease.
Type IIIb pattern displays cen-
tral and significant peripheral
atrophy to the equator but not
anterior to the equator (A and
B). There may also be mottled
areas of increased hyper- and
hypoautofluorescent changes
secondary to flecks extending to
the equator and/or anterior to
the equator.
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modality which may aid in the selection of the optimal
location for subretinal delivery of therapeutic agents,
based on the presence or absence of FAF abnormalities.
Furthermore, identification of transition zones between
retina affected by the disorder and less diseased areas
(Figure 7) may also be important for disease monitor-
ing, and evaluation of safety and efficacy of novel treat-
ments. Ultrawidefield fundus autofluorescence will be
necessary to monitor these transition areas for disease

progression if they are located in this peripheral region
outside the usual scanning field of traditional imaging
systems.
Fundus autofluoresence has been examined exten-

sively in multiple studies of STGD. Despite the widely
held belief that lipofuscin accumulation drives RPE cell
death in STGD, controversy exists, with reports
indicating that the predictive value of hyperautofluor-
esent lesions to develop into areas of future atrophy

Fig. 5. Type IIIa/IIIb UWF-
FAF pattern in Stargardt dis-
ease. Type IIIa/IIIb pattern
shows not only central and sig-
nificant peripheral atrophy to
the equator but also scattered
punctate atrophy anterior to the
equator (A and B). There is no
confluent, severe atrophy ex-
tending beyond the equator.

Fig. 6. Type IIIc UWF-FAF
pattern in Stargardt disease.
Type IIIc pattern displays
severe central and peripheral
atrophy extending beyond the
equator (A and B). There may
be interspersed mottled areas of
increased hyper- and hypoauto-
fluorescent changes secondary
to flecks extending to the far
periphery. Another pattern of
severe atrophy on UWF-FAF
that extends anterior to the
equator (C and D), which is
also Type IIIc, but not in the
same large confluent cobble-
stone pattern as seen above.
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may not always be accurate.50,53 Groups have reported
that FAF in STGD may correlate with biochemical,
anatomic, and functional outcomes including visual
acuity.54 Cukras et al have reported that longitudinal
FAF imaging over 11 months to 57 months revealed
hyperautofluorescent lesions that extended in a centrifu-
gal, radial direction from the fovea, resulting in dimin-
ishing FAF with time.27 They hypothesized that the
centrifugal pattern could be attributed to fovea-
peripheral gradients of cone photoreceptors and RPE
cells in the retina. Other groups have confirmed the
predominately centrifugal pattern in STGD55 indicating
that the peripheral fundus is an important site to con-
tinue investigating this disorder. Ultrawidefield fundus
autofluorescence may provide additional information
regarding the dynamic temporal–spatial alterations in
STGD by imaging a larger area of the fundus. Of note,
the majority of cases in the current report (76%) had
peripheral findings that would not have been detected in
traditional nonwidefield FAF. Additional longitudinal
study of UWF-FAF in STGD may provide insights into
the pathogenesis and natural history of STGD.
It is important to note that traditional nonwidefield

FAF acquired with devices such as the Heidelberg
Spectralis (Heidelberg Engineering, Heidelberg, Ger-

many) use a 488-nm excitation for short-wave FAF,
and are also capable of near-infrared FAF with
excitation wavelength of 787 nm. In contrast, the
Optos UWF-FAF uses a 532-nm excitation wave-
length, which may also contribute to the novel findings
in this report such as the observed posterior pole
increased hyperautofluoresence (Figure 8). Alterna-
tively, given that this particular pattern is not observed
in normal patients, one wonders whether this phenom-
enon in STGD may be related to increased hyperauto-
fluoresence from lipofuscin accumulation, but
precedes the clinical detection of flecks on clinical
fundus examination or fundus photography. If so, this
UWF-FAF pattern may be useful for early disease
detection and monitoring. Additional studies are war-
ranted to compare the short-wave UWF-FAF images
that may be acquired with the Optos, and systems such
as the Staurenghi contact lens that may allow up to
160° of peripheral view and acquisition of widefield
near-infrared FAF with properly configured filters.56

This could be of considerable interest, particularly in
cases where the peripheral FAF changes respect an
inferior psuedodemarcation line (Figure 10)—this type
of UWF-FAF pattern may be even more pronounced
with near-infrared wavelength FAF.55,57

Fig. 7. Increased peripheral
hyperautofluoresence. At zones
anterior to peripheral flecks and
atrophy, there appears to be an
area of increased hyper-
autofluoresence noted in several
cases (yellow arrows, A–D).
This may represent a transition
zone between posterior diseased
retina and less affected anterior
retina.
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A multitude of studies have reported on the geno-
type/phenotype correlations with ABCA4 Stargardt
disease.4,14,17,23,58 Over 1,000 mutations in the ABCA4
locus have been identified, and there is a high carrier
rate of pathologic ABCA4 alleles in the general popu-
lation. Some ABCA4 mutations may reside in nonexo-
mic sequences, which may not be detected in all
sequencing methods. Furthermore, STGD may have
a progressive phenotype that changes with time.
Together, these facts all make genotype/phenotype

correlations challenging in this disorder. One previous
study by Sodi et al30 attempted to compare nonwide-
field FAF with different ABCA4 gene mutations in
STGD. This study relied on classifying the genotype
severity according to two arbitrary groups: splicing/
stop/deletion/insertion mutations were classified as
severe, and missense mutations were classified as
mild.30 The authors note that their classifications are
“partially hypothetical,” and we agree given the absence
of functional protein data. In comparison with the

Fig. 8. Posterior pole hyper-
autofluoresence. Patterns of
increased posterior pole hyper-
autofluoresence are visible in
select cases in a circular or oval
pattern (A–D). These may be
present with or without periph-
eral FAF changes secondary to
flecks.

Fig. 9– Peripheral mottled au-
tofluoresence. A single case in
a 73-year-old patient (Subject
#11) displayed peripheral mottled
areas of increased hyper- and
hypoautofluoresence (yellow
arrows, A and B).
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genotypes in our study, this Italian group reports the
G1961E (c.5882G.A) mutation as mild, and the
IVS40+5G.A (c.5714+5G.A) mutation as severe,
which were mutations also identified in our study sub-
jects. However, no subjects in either Sodi’s cohort or
the present study shared the same heterozygous or
homozygous genotyping, making meaningful compar-
isons difficult. Additionally, no individual FAF patterns
are reported for each subject, rather the severity of each
allele combination (mild/mild vs. mild/severe vs.
severe/severe) was used to evaluate the entire group
as a whole and attempt to draw conclusions on the
FAF patterns.
In the present study, we demonstrate that UWF-FAF

supplements the phenotypic profile in a novel way.
However, more data is needed to meaningfully segre-
gate peripheral FAF findings into diagnostic or prog-
nostic categories. As such, we believe that the most
appropriate approach at this stage is to report the UWF-
FAF pattern of each unique genotype along with other
demographic characteristics and phenotypic features
(e.g., ERG). Though the sample size limits firm
genotype/phenotype correlations, the three siblings
included in our study (Subjects 23, 24, 25) suggest
that the c.4595G.A genotype is associated with more
severe atrophy (Type IIIc) than the c.71G.A genotype
(Type IIIa or IIIb) on UWF-FAF, given all three sub-
jects also carried the same other allele in trans
(c.4222T.C & c.4918C.T). UWF-FAF has the poten-
tial to be another metric to stratify the enormous genetic
landscape of ABCA4 STGD, however, additional larger
prospective studies are needed. Even so, traditional
diagnostic modalities such as ERG will continue to be
important for monitoring the safety and effectiveness of
new therapies for STGD.
Limitations of this study include its retrospective

nature with clinical data and imaging collected at only
one point in time. Also, other important information

such as age of onset of disease was often unavailable
and patient accounts may be unreliable. Without
longitudinal follow-up, we cannot be certain if these
patterns represent progressive stages of STGD or
simply a spectrum of disease severity. Future work
will address this shortcoming by following patients with
STGD over time with serial UWF-FAF imaging.
Likewise, not all patients had reliable ERG available
for review, which may or may not be another diagnostic
modality that can reliably differentiate various subtypes.
Furthermore, the majority of patients had exome
sequencing as well as examination of �20 bases of
noncoding sequence flanking each exon. However,
most of the genetic testing methods used in this study
were unable to detect all intronic variants, deletion/
insertion variants, or other mutations in other regulatory
regions. In the future, as genotype sequencing continues
to evolve, it may be of interest to sequence the entire
140 kb ABCA4 locus in all patients to detect additional
genetic aberrations, which could provide a more com-
plete picture of the genotype in individual patients.

Conclusion

Fundus autofluoresence is an important diagnostic
modality in Stargardt disease. Despite classic early
changes in the macula with this heritable disorder,
generalized retinal dysfunction is clearly a feature of
some, if not all forms of STGD. We report the first
series of ultrawidefield imaging in Stargardt disease
with confirmed ABCA4 genotypes. Review of UWF-
FAF images in this study of STGD patients reveals
that abnormalities in the peripheral retina are present
in the vast majority of cases and would otherwise be
missed on conventional nonwidefield FAF.
Attempts to correlate UWF-FAF phenotypes with

ABCA4 genotypes remains a challenge given the

Fig. 10. Peripheral Stargardt
disease FAF changes respecting
inferior demarcation line.
Peripheral UWF-FAF changes
secondary to flecks that respect
an inferior demarcation line
(yellow arrows, A and B),
which can be found in normal
subjects and may be anatomi-
cally related to closure of the
optic fissure. Note the UWF-
FAF changes secondary to
flecks appear to be more prom-
inent on the temporal aspect of
this demarcation line.
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complexity of the ABCA4 locus, and the large number
of mutations/variants. The full clinical significance of
the UWF-FAF findings in STGD, and in relation to
genotype phenotype correlation, will require prospec-
tive, longitudinal studies and improved genotyping
technologies. As UWF-FAF is increasingly incorpo-
rated into patient care, the ability to stage and
prognosticate STGD will likely continue to evolve.

Key words: ultrawidefield, ultrawidefield imaging,
widefield, imaging, retinal imaging, Stargardt disease/
Stargardt macular dystrophy, retinal degenerations.
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